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August 25, 1981 

TO: A l l  Units and Agencies of Government and Cit izen Groups 
Involved i n  Water Qual i ty  Management fo r  Okauchee Lake 

In  1976 the  Southeastern Wisconsin Regional Planning Commission entered i n t o  a cooperative 
agreement with t he  Wisconsin Department of Natural Resources t o  study t he  water qua l i t y  condi- 
t i o n s  of Okauchee Lake, i den t i fy  ex i s t i ng  and po t en t i a l  problems r e l a t ed  t he r e to ,  and propose 
measures which could be appl ied t o  resolve those problems and t o  pro tec t  and enhance t he  water 
q u a l i t y  of t he  lake.  The f indings and recommendations of t h a t  study a r e  presented i n  t h i s  repor t .  

The repor t  descr ibes t he  physical  p roper t ies  of Okauchee Lake, t he  qua l i t y  of i t s  waters,  and t he  
condit ions a f f ec t i ng  t h a t  qua l i t y ,  including ex i s t i ng  land use and t he  present u t i l i z a t i o n  of t he  
lake.  A l l  sources of po l lu t ion  of t he  lake a r e  i den t i f i ed  and, t o  t he  extent  poss ib le ,  
quant i f ied ;  and a l t e rna t i ve ,  as  well as  recommended, means f o r  t he  abatement of these  sources of 
po l lu t ion  and fo r  t he  pro tec t ion  and enhancement of t he  water qua l i t y  of t he  lake a r e  described. 

During t he  preparat ion of t h i s  repor t ,  members of t he  Commission s t a f f  met with l oca l  e lec ted  
o f f i c i a l s  and concerned c i t i z e n s  t o  discuss  the ,pre l iminary  findings and recommendations of t he  
s tudy and t o  receive t he  comments and suggestions of t he  l oca l  e lec ted  o f f i c i a l s  concerned, 
lakeshore property owners, and i n t e r e s t ed  c i t i z e n s .  Four such meetings were held--on June 3 ,  
August 22 , ,and  October 29, 1980, and on January 20, 1981. The f indings and recommendations of 
t h i s  repor t  r e f l e c t  t he  per t inen t  comments and suggestions made a t  those meetings. 

The water q u a l i t y  management plan presented herein cons t i t u t e s  a refinement of t he  areawide water 
q u a l i t y  management plan adopted by t he  Regional Planning Commission i n  Ju ly  1979. Accordingly, 
upon adoption by t h e  l oca l  u n i t s  and agencies of government concerned with water qua l i t y  
management fo r  Okauchee Lake and subsequent adoption by t he  Regional Planning CommiSsion, t he  
plan presented i n  t h i s  report  w i l l  become an element of t he  adopted areawide water qua l i t y  
management plan. 

The plan presented i n  t h i s  report  i s  believed t o  provide a sound guide t o  t he  making of develop- 
ment decis ions concerning t he  wise management of Okauchee Lake as  an ae s the t i c  and recrea t iona l  
a s se t  of immeasurable value. Accordingly, ca re fu l  considerat ion and adoption of t he  plan pre-  
sented here in  by a l l  of t he  concerned water qua l i t y  management agencies i s  respec t fu l ly  urged. In 
i t s  continuing r o l e  i n  t he  coordination of water qua l i t y  management planning and plan imple- 
mentation within southeastern Wisconsin, t he  Regional Planning Commission s tands ready t o  a s s i s t  
t he  various un i t s  and agencies of government concerned i n  carrying out t he  recommendations 
contained i n  t h i s  repor t .  

Respectfully submitted, 

Kurt W .  Bauer 
Executive Director 



TABLE OF CONTENTS 

Page Page 

CHAPTER I - INTRODUCTION ........ 1 

CHAPTER I 1  - PHYSICAL 
DESCRIPTION . . . . . . . . . . . . . . . . . . . .  3 

Lake Basin and 
Shore Charac te r i s t i c s  . . . . . . . . . .  3 

Watershed C h a r a c t e r i s t i c s . .  . . 6 
Climate and Hydrology . . . . . . . .  7 

S o i l  Type and Conditions . . . . . . . .  13 

CHAPTER I11 - HISTORICAL, 
EXISTING, AND FORECAST LAND 
USE AND POPULATION LEVELS . . . . . .  19 

In t roduct ion  . . . . . . . . . . . . . . . . . . . .  19 
Population . . . . . . . . . . . . . . . . . . . . . .  19 
Land Use . . . . . . . . . . . . . . . . . . . . . . . .  19 

CHAPTER I V  - WATER QUALITY . . . . . .  29 
H i s t o r i c a l  Data . . . . . . . . . . . . . . . . .  29 
Recent Physical  and 

Chemical Charac te r i s t i c s  . . . . . . .  29 
Exis t ing  and Probable Future 

Po l lu t ion  Sources and Loadings. 36 
Trophic Condition Rating . . . . .  3 9 

CHAPTER V - NATURAL RESOURCE 
BASE AND RECREATIONAL 
ACTIVITIES . . . . . . . . . . . . . . . . . . . . .  

Aquatic P lan t s  . . . . . . . . . . . . . . . . . .  
Macrophytes . . . . . . . . . . . . . . . . . .  
Algae . . . . . . . . . . . . . . . . . . . . . . . .  

Aquatic Animals . . . . . . . . . . . . . . . . .  
Zooplankton . . . . . . . . . . . . . . . . . .  
Fish  . . . . . . . . . . . . . . . . . . . . . . . .  

Wild l i f e  Resources . . . . . . . . . . . . . .  
Woodlands . . . . . . . . . . . . . . . . . . . . . . .  
Wetlands . . . . . . . . . . . . . . . . . . . . . . . .  
Recreat ional  Use . . . . . . . . . . . . . . . .  

CHAPTER VI - EXISTING WATER 
QUALITY MANAGEMENT ACTIONS AND 
INSTITUTIONAL STRUCTURES 
AFFECTING WATER QUALITY . . . . . . . .  6 1 

Water Quali ty 
Management Actions . . . . . . . . . . . . .  6 1 

Sewage Disposal . . . . . . . . . . . . . .  6 1 
Exis t ing  Zoning Regula t ions . .  62 
Aquatic Plant  Management . . . . .  7 0 

Macrophyte Harvesting . . . . . .  7 0 
Chemical Macrophyte 

Control . . . . . . . . . . . . . . . . . . .  7 1 

Chemical Algae Control ..... 
Government Agencies With 
Water Quali ty Management 
Respons ib i l i t i e s  . . . . . . . . . . . . . . .  

Inland Lake Protec t ion  and 
Rehab i l i t a t ion  D i s t r i c t s  .... 

Sani tary  D i s t r i c t s  . . . . . . . . . . .  
Towns . . . . . . . . . . . . . . . . . . . . . . . .  
C i t i e s  and Vil lages . . . . . . . . . .  
Counties . . . . . . . . . . . . . . . . . . . . . .  
S o i l  and Water 

Conservation D i s t r i c t s  . . . . . .  
Regional Planning 

Commissions . . . . . . . . . . . . . . . . .  
Wisconsin Department of 

Natural Resources . . . . . . . . . . .  
Wisconsin Department of 

Health and Socia l  Services ,  
Division of Health . . . . . . . . . .  

Universi ty of Wisconsin- 
Extension . . . . . . . . . . . . . . . . . . .  

U.S. Environmental 
Protec t ion  Agency . . . . . . . . . . .  

U.S. Department of 
Agriculture,  S o i l  
Conservation Service . . . . . . . .  

U.S. Department of 
Agr icul ture ,  Agr icul tura l  
S t a b i l i z a t i o n  and 
Conservation Service ........ 

P r i v a t e  Action For 
Water Po l lu t ion  Control . . . . . . . .  

CHAPTER V I I  - WATER USE 
OBJECTIVES AND WATER 
QUALITY STANDARDS . . . . . . . . . . . . . .  

CHAPTER VIII - ALTERNATIVE 
WATER QUALITY MANAGEMENT 
MEASURES . . . . . . . . . . . . . . . . . . . . . . .  

In t roduct ion  . . . . . . . . . . . . . . . . . . . .  
Point Source Po l lu t ion  Contro l . .  
Nonpoint Source 

Po l lu t ion  Control . . . . . . . . . . . . . .  
Lake Rehab i l i t a t ion  Techniques.. 

Hypolimetic Aeration . . . . . . . . .  
Measures f o r  Contro l l ing  

Sediment Ef fec t s  on 
Water Column and 
Macrophyte Growth ........... 

Nutrient  Inac t iva t ion  ........ 



Page Page 

Di lut  ion/F lushing . . . . . . . . . . . .  
Select ive  Discharge .......... 
Aquatic Plant  Harvesting . . . . .  
Chemical Control of 

Algae and Macrophytes ....... 
Fish Management .............. 

CHAPTER I X  - RECOMMENDED PLAN ... 
Introduction . . . . . . . . . . . . . . . . . . . .  
Land Use . . . . . . . . . . . . . . . . . . . . . . . .  
Zoning Ordinance Modification . . .  

Lowland Conservancy D i s t r i c t .  
Upland Conservancy D i s t r i c t . .  
Agricultural  Preservation 
D i s t r i c t  . . . . . . . . . . . . . . . . . . . .  

General Agricultural  
D i s t r i c t  . . . . . . . . . . . . . . . . . . . .  

Low-Density Urban and 
Medium-Dens i t y  Urban 
Resident ia l  D i s t r i c t s  . . . . . . .  

Park and Recreation 
. . . . . . . . . . . . . . . . . . . .  D i s t r i c t  

Nonpoint Source Pol lu t ion 
. . . .  Control and Lake Management 

Okauchee Lake 
. . . . . . . .  Management D i s t r i c t .  

Urban Nonpoint Source 
........ Pol lut ion Controls . .  

Sept ic  Tank System Man- 
. . . . . . . . . . .  agement Program 

Construction Erosion 
Control Program . . . . . . . . . . .  

Development and Implemen- 
t a t i o n  of Urban Land 

...... Management Pract ices  
Rural Nonpoint Source 

. . . . . . . . . .  Pol lut ion Controls 
Lake Rehabi l i ta t ion Techniques 
Cost Analyses . . . . . . . . . . . . . . . . . . .  
CHAPTER X - SUMMARY ............. 

LIST OF APPENDICES 

Appendix Page 

A I l l u s t r a t i o n s  of Representative Biota i n  Okauchee Lake .... 123 

Appendix A - 1  Representative Macrophytes Found i n  
Southeastern Wisconsin Lakes ................ 123 

Appendix A-2 Representative Phytoplankton Found i n  
Southeastern Wisconsin Lakes. ............... 13 1 

Appendix A-3 A%Form of Zooplankton Found i n  
Southeastern Wisconsin Lakes.. .............. 135 

Appendix A-4 A Form of Benthic o r  Bottom 
Dwelling Organism Found i n  South- 
eas te rn  Wisconsin Lakes ..................... 137 

Appendix A-5 Representative Fish Species Found 
i n  Southeastern Wisconsin Lakes . . . . . . . . . . . . .  139 

B Analysis of Storm Water Management Al ternat ives  f o r  
STH 16 Drainage Area a t  I ce  House Bay, Okauchee Lake. . . . . .  145 

Table B - 1  Selected Charac te r i s t i c s  of the  Storm Water 
Management System fo r  t h e  Drainage Area 
Di rec t ly  Tributary t o  Ice  House Bay a t  
Jaeckles Boulevard: His to r ic  and 
Current (1980) Conditions . . . . . . . . . . . . . . . . . . . . .  148 

Table B-2 Pr incipal  Features and Costs of Storm 
Water Management Al ternat ives  f o r  t he  
STH 16 Drainage Area a t  I ce  House Bay, 
Okauchee Lake ................................. 156 



Appendix Page 

Table 

Map B - 1  Storm Water Management F a c i l i t i e s  i n  t h e  
STH 16 Area Near I ce  House Bay, Okauchee 
Lake Before 1978-1979 Construction . . . . . . . . . . . .  

Map B-2 Storm Water Management F a c i l i t i e s  i n  t h e  
STH 16 Area Near I c e  House Bay, Okauchee 
Lake After  1978 Construction . . . . . . . . . . . . . . . . . .  

Map B-3 Surveyed Sedimentation i n  I ce  House Bay 
a t  t h e  Foot of Jaeckles Boulevard . . . . . . . . . . . . .  

Map B-4 Al te rna t ive  1: "NO Action" and Al te rna t ive  2: 
Short Term Measures t o  Provide Immediate 
Nonpoint Source Po l lu t ion  Controls f o r  t h e  
STH 16 Drainage Area a t  I c e  House Bay, 
Okauchee Lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Map B-5 Al ternat ives  3 and 3A: In-Basin Storm Water 
Storage Measures t o  Provide Long Term 
Nonpoint Source Po l lu t ion  Controls f o r  
t h e  STH 16 Drainage Area a t  I ce  House 
Bay, Okauchee Lake . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Map B-6 Al te rna t ive  4: Diversion With Limited In-Basin 
Storage Measures t o  Provide Long Term 
Nonpoint Source Po l lu t ion  Controls f o r  t h e  
STH 16 Drainage Area a t  I c e  House Bay, 
Okauchee Lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LIST OF TABLES 

Page 
Chapter I 1  

Hydrography and Morphometry of Okauchee, Lower Okauchee, 
and Upper Oconomowoc Lakes: 1975 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Long Term and 1976-1977 Study Year Climatological  
and Runoff Data f o r  t h e  Okauchee Lake Area . . . . . . . . . . . . . . . . . . .  
Hydrologic Budgets f o r  Okauchee, Lower Okauchee, and 
Upper Oconomowoc Lakes: December 1976-November 1977 . . . . . . . . . .  
General Hydrologic S o i l  Types i n  t h e  Drainage Area 
Di rec t ly  Tr ibutary  t o  Okauchee, Lower Okauchee, and 
Upper Oconomowoc Lakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Chapter I11 

Areal Extent of C i v i l  Divisions i n  t h e  Drainage Area 
Di rec t ly  Tr ibutary  t o  Okauchee, Lower Okauchee, and 
Upper Oconomowoc Lakes: January 1, 1976 . . . . . . . . . . . . . . . . . . . . . .  
H i s t o r i c  and Forecast  Resident Population of t h e  
Drainage Area Di rec t ly  Tr ibutary  t o  Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes: 1950-2000 . . . . . . . . . . . . . .  
Extent of H i s t o r i c  Urban Growth i n  t h e  Drainage Area 
Di rec t ly  Tr ibutary  t o  Okauchee, Lower Okauchee, and 
Upper Oconomowoc Lakes: 1850-1975 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Exis t ing  1975 and Planned 2000 Land Use i n  t h e  Drainage 
Area Di rec t ly  Tr ibutary  t o  Okauchee, Lower Okauchee, and 
Upper Oconomowoc Lakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Tab 1 e Page 

Chapter I V  

H i s t o r i c a l  Water Quali ty Conditions of 
Okauchee Lake: 1926-1960 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Measured Chlorophyll-a Concentrations i n  
Okauchee Lake: 1972 and 1976 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Okauchee, and Upper Oconomowoc Lakes: 1973-1977 . . . . . . . . . . . . . .  
Water Quali ty Conditions of Okauchee Lake: 1973-1978 . . . . . . . . .  
Nitrogen-Phosphorus Ratio f o r  Okauchee Lake: 1973-1978 . . . . . . .  
Estimated Tota l  Phosphorus Loads i n  t h e  Drainage Area 
Di rec t ly  Tr ibutary  t o  Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes: 1975 and 2000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lake Condition Index Calcula t ion  f o r  Okauchee, 
Lower Okauchee, and Upper Oconomowoc Lakes . . . . . . . . . . . . . . . . . . .  
Lake Condition Index of Selected Major Lakes 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i n  Southeastern Wisconsin: 1975 
Comparison of Predic ted  and Measured To ta l  Phosphorus 
Chlorophyll-g and Secchi Disc Levels i n  Okauchee, 
Lower Okauchee, and Upper Oconomowoc Lakes . . . . . . . . . . . . . . . . . . .  

Chapter V 

Summary of Macrophyte Surveys of Okauchee, Lower Okauchee, 
. . . . . . . . . . . . .  and Upper Oconomowoc Lakes: June and August 1977 

Species of Fish  Captured i n  Okauchee Lake: 1946-1975 . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . .  F i s h  Stocked i n  Okauchee Lake: 1933-1978 

Emergent Wetland Plant  Species i n  t h e  Drainage Area 
Di rec t ly  Tr ibutary  t o  Okauchee Lake . . . . . . . . . . . . . . . . . . . . . . . . . .  
Boat Access S i t e s  on Okauchee, Lower Okauchee, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  and Upper Oconomowoc Lakes: 1980 
. . . . . . . . . . . . . . . . . . .  Recreat ional  Rating of Okauchee Lake: 1980 

. . . . . . . . . . . . .  Recreat ional  Rating of Lower Okauchee Lake: 1980 
Recreat ional  Rating of Upper Oconomowoc Lake: 1980 . . . . . . . . . . .  

Chapter VI 

Summary of Exis t ing  Comprehensive Zoning D i s t r i c t s  i n  t h e  
Drainage Area Di rec t ly  Tr ibutary  t o  Okauchee, Lower Okauchee, 
and Upper Oconomowoc Lakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chemical Control of Aquatic P lan t s  i n  
Okauchee Lake: 1950-1979 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lakes Receiving t h e  10 Largest Amounts of Sodium Arseni te  

....... i n  Wisconsin f o r  Aquatic Macrophyte Control:  1950-1969 
Measured Arsenic Levels i n  Okauchee Lake f o r  
Selec ted  Years: 1962-1978 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Chapter VII 

Recommended Water Q u a l i t y  Standards t o  Support Recreat ional  
and Warmwater Fish  and Aquatic L i fe  Use . . . .  . . . . . . . . . . . . . . . . . .  

Chapter VIII 

Generalized Summary of Methods and Effec t iveness  of Nonpoint 
Source Po l lu t ion  Abatement Measures . . . . . . . . . . . . . . . . . . . . . . . . . .  

v i i i  



Table 

Chapter IX 

Page 

3 1  Proposed Zoning Modifications by Civil Division in the 
Drainage Area Directly Tributary to Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes . . . . . . . . . . . . . . . . . . . . . . . . .  

32 Summary, of Proposed Zoning Modifications in the Drainage 
Area Directly Tributary to Okauchee, Lower Okauchee, and 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Upper Oconomowoc Lakes 
33 Local Governmental Management Agencies and Responsibilities 

for Urbqn Nonpoint Source Water Pollution Control ............ 
34 Local Governmental Management Agencies and Responsibilities 

for Rural Nonpoint Source Water Pollution Control . . . . . . . . . . . .  
35 Estimated Cost of Recommended Water Quality and Lake 

Management Measures for Okauchee, Lower Okauchee, and 
Upper Oconomowoc Lakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

36 Available State and Federal Cost-Sharing for Implementation 
of the Recommended Water Quality Management Plan for 
Okauchee, Lower Okauchee, and Upper Oconomowoc Lakes ......... 

Figure 

LIST OF FIGURES 

Page 
Chapter I1 

1 Aerial Photograph of Okauchee, Lower Okauchee, and Upper 
Oconoeowoc Lakes and Surrounding Shoreline ................... 6 

2 Lake Level Fluctuations in Okauchee Lake: December 1976- 
October 1977 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 

Chapter I11 

3 Comparison of Historical, Existing, and Forecast Population 
Trends for the Drainage Area Directly Tributary to Okauchee, 
Lower Okauchee, and Upper Oconomowoc Lakes, Waukesha County, 
and the Southeastern Wisconsin Region . . . . . . . . . . . . . . . . . . . . . . . .  

Chapter IV 

4 Temperature and Dissolved Oxygen Profiles for 
Okauchee Lake: 1973-1977 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 Historical Late Summer Dissolved Oxygen Profiles 
for Okauchee Lake: 1905-1909 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 Temperature and Dissolved Oxygen Profiles for Lower 
Okauchee Lake: 1977 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 TemperaTure and Dissolved Oxygen Profiles for Upper 
Oconomowoc Lake: 1977 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 Measured Secchi Disc Depths in Okauchee, Lower Okauchee, 
and Upper Oconomowoc Lakes: 1973-1977 . . . . . . . . . . . . . . . . . . . . . . . .  

9 Trophic State Index Calculations for 
Okauchee Lake: 1972-1978 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Figure Page 

Chapter V I  

Procedure fo r  Application of Sodium Arsenite  t o  an 
Inland Lake f o r  Aquatic Macrophyte Control . . . . . . . . . . . . . . . . . . .  

Chapter V I I  

To ta l  Phosphorus Levels i n  Okauchee Lake Under Al te rna t ive  
Po l lu t ion  Control Actions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Chapter VIII 

. . . . . .  Typical Hypolimnetic Aeration System f o r  an Inland Lake 

LIST OF MAPS 

Chapter I 1  

Hydrographic and Morphometric Map o f ,  and Water Q u a l i t y  
Sampling S i t e  f o r ,  Okauchee Lake . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bottom Sediment Types i n  Okauchee Lake . . . . . . . . . . . . . . . . . . . .  
Bottom Sediment Types i n  Lower Okauchee Lake . . . . . . . . . . . . . .  
Bottom Sediment Types i n  Upper Oconomowoc Lake . . . . . . . . . . . .  
Drainage Area Di rec t ly  Tr ibutary  t o  Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes . . . . . . . . . . . . . . . . . . . . . .  
Location of Groundwater Sampling Wells and Surface 
Drainage Out le ts  and t h e  Direc t ion  of Groundwater Flow 
Around Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes: 1976-1977 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hydrologic So i l  Groups i n  t h e  Drainage Area Di rec t ly  
Tr ibutary  t o  Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S u i t a b i l i t y  of S o i l s  f o r  Conventional P r iva te ly  Owned 
Onsite Sewage Disposal Systems on Lots One Acre o r  Less 
i n  Size  i n  t h e  Drainage Area Di rec t ly  Tr ibutary  t o  
Okauchee, Lower Okauchee, and Upper Oconomowoc Lakes . . . . . .  
S u i t a b i l i t y  of S o i l s  f o r  Wastewater Sludge Application 
i n  t h e  Drainage Area Di rec t ly  Tr ibutary  t o  Okauchee, 
Lower Okauchee, and Upper Oconomowoc Lakes . . . . . . . . . . . . . . . .  

Chapter I11 

C i v i l  Division and Lake Management D i s t r i c t  Boundaries 
i n  t h e  Drainage Area Di rec t ly  Tr ibutary  t o  Okauchee, 
Lower Okauchee, and Upper Oconomowoc Lakes: 1975 . . . . . . . . . .  
Original  United S t a t e s  Public  Land Survey Map f o r  t h e  
Drainage Area Di rec t ly  Tr ibutary  t o  t h e  Okauchee 
Lake Area: 1836 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H i s t o r i c  Urban Growth i n  t h e  Drainage Area Di rec t ly  
Tr ibutary  t o  Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes: 1850-1975 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Page 



Page 

Exis t ing Land Use i n  t he  Drainage Area Direct ly  
Tributary t o  Okauchee, Lower Okauchee, and Upper 
Oconomwoc Lakes: 1975 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Generalized Planned Land Use i n  t he  Drainage Area Di rec t ly  
Tributary t o  Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes: 2000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Chapter V 

Locat ion of Aquatic Macrophytes i n  Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes: 1977 . . . . . . . . . . . . . . . . . . .  
Wildl i fe  Habitat i n  t he  Drainage Area Direct ly  
Tributary t o  Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes: 1980 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wetlands and Woodlands i n  the  Drainage Area Direct ly  
Tributary t o  Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes: 1980 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Location of Lake Access S i t e s  on Okauchee Lake: 1980 . . . . . . . . .  

Chapter V I  

Exis t ing Zoning D i s t r i c t s  i n  t he  Drainage Area Direct ly  
Tributary t o  Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes: 1980 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Exis t ing Floodland and Shoreland Zoning D i s t r i c t s  i n  t he  
Drainage Area Direct ly  Tributary t o  Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes: 1970 . . . . . . . . . . . . . . . . . . .  
Areas Chemically Treated fo r  t he  Control of Aquatic 
Plants  i n  Okauchee, Lower Okauchee, and Upper Oconomowoc 
Lakes: 1976-1979 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Chapter VIII 

Recommended Sanitary Sewerage System Plan fo r  t h e  Oconomowoc- 
Lac La Bel le ,  Oconomowoc Lake, Okauchee Lake, North Lake, 
Pine Lake, Beaver Lake, and S i lve r  Lake Sewer Areas--Middle 
Rock River Subregional Area: 2000 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Plan Al ternat ive  fo r  Placement of Hypolimnet i c  Aeration 
System i n  Okauchee Lake and t he  Zone of A r t i f i c i a l  Aeration. .  
Plan Al ternat ive  fo r  the  Diversion of the  Oconomowoc River 
Around Lower Okauchee Lake and Upper Oconomowoc Lake . . . . . . . . .  
Plan Al ternat ive  fo r  Dredging Ice  House Bay, Tierney Lake, 
t h e  Tierney Lake Channel, and Upper Oconomowoc Lake . . . . . . . . . .  
Plan Al ternat ive  fo r  Sediment Covering f o r  Okauchee Lake . . . . .  
Plan Al ternat ive  fo r  t he  Select ive  Discharge of 
Water from Okauchee Lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Exis t ing and Recommended Macrophyte Harvesting i n  Okauchee, 
Lower Okauchee, and Upper Oconomowoc Lakes: 1979 . . . . . . . . . . . . .  

Chapter IX 

Proposed Zoning D i s t r i c t s  f o r  t he  Drainage Area Direct ly  
Tr ibutary  t o  Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Chapter I  

l NTRODUCTION 

Thirteen major inland lakes i n  south- 
eas tern  Wisconsin were studied under a 
spec ia l  program conducted by the  South- 
eas tern  Wisconsin Regional Planning 
Commission i n  cooperation with the  Wis- 
consin Department of Natural Resources, 
loca l  lake protect ion and r ehab i l i t a t i on  
d i s t r i c t s ,  and other  lake organizations.  
Eight of the  13 lakes--Eagle Lake, 
F r iess  Lake, Lac La Belle,  North Lake, 
Oconomowoc Lake, Pewaukee Lake, Pike 
Lake, and Wandawega Lake--were studied 
by t he  Regional Planning Commission i n  
cooperation with t he  Wisconsin Depart- 
ment of Natural Resources, Bureau of 
Research, and four of t he  lakes--Aship- 
pun Lake, George Lake, Okauchee Lake, 
and Paddock Lake--were studied by t he  
Regional Planning Commission i n  coopera- 
t i o n  with t he  Wisconsin Department of 
Natural Resources, Office of Inland Lake 
Renewal, and the  loca l  lake protect ion 
and r ehab i l i t a t i on  d i s t r i c t s  concerned. 
One of the  13 lakes--Geneva Lake--was 
s tudied by t h e  Regional Planning Commis- 
s ion i n  cooperation with t he  Geneva Lake 
Watershed Environmental Agency. The 
object ives  of these  s tud ies  were t o  
acquire d e f i n i t i v e  information concern- 
ing lake water qua l i t y  and re la ted  land 
use and land management p rac t i ces  i n  t he  
lake drainage area;  t o  i den t i f y  the  fac-  
t o r s  a f f ec t i ng  lake water qua l i t y ,  par- 
t i c u l a r l y  t he  amount, kind, and temporal 
d i s t r i bu t i on  of po l lu tan t s  contributed 
by t he  various sources; and t o  develop 
recommendations f o r  the  abatement of 
po l lu t ion  i n  order t o  maintain o r  
improve water qua l i ty  condit ions.  

On May 20,  1976, t h e  Southeastern W i s -  
consin Regional Planning Commission 
entered i n t o  a cooperative agreement 
with t he  Wisconsin Department of Natural 
Resources t o  study Okauchee Lake. The 
cooperative study included the  design 
and conduct of a water qua l i t y  sampling 
program t o  determine ex i s t ing  lake water 
qua l i ty  condit ions,  and inventories and 

analyses of pe r t inen t  t r i bu t a ry  drainage 
area  cha r ac t e r i s t i c s  a f fec t ing  water 
qua l i t y  condit ions,  including land use 
and management p rac t i ces ,  ex i s t ing  water 
uses and sources of pol lu t ion.  The 
de ta i l ed  lake water qua l i ty  sampling 
program was conducted from December 1976 
through November 1977. Some inventory 
da ta  col lec ted as recent ly  as 1980, how- 
ever, a r e  incorporated i n to  t h i s  repor t .  
Because of t h e i r  c lose  proximity and 
hydraulic re la t ionsh ips ,  t h i s  repor t  ad- 
dresses Lower Okauchee Lake and Upper 
Oconomowoc Lake, as well as Okauchee 
Lake proper. This report  summarizes t he  
r e s u l t s  of the  sampling program and 
other re la ted  inventories and provides 
an evaluation and i n t e rp r e t a t i on  of t he  
data  col lec ted and co l la ted .  From these  
analyses, f e a s ib l e  a l t e rna t i ve  actions 
fo r  t he  maintenance and enhancement of 
lake water qua l i ty  a r e  proposed and 
evaluated, and water qua l i t y  management 
measures a r e  recommended. 

Okauchee Lake is  a 1,198 acre1 lake 
located w,ithin U .  S. Public Land Survey 
Township 8 North, Range 1 7  East ,  Town of 
Oconomowoc, and Township 8 North, Range 
18 East ,  Town of Merton, i n  Waukesha 
County. Lower 0kauchee2 and Upper 

' I n  SEWRPC Planning Guide No. 5,  
Floodland and shoreland Development 
Guide, 119691. the area of Okauchee - - - .  
Lake was rebbrted to be 1,187 acres, 
as measured from 1956 aerial photo- 
graphs. Based on 1975 aerial photo- 
graphs, the area of Okauchee Lake was 
estimated to be 1,198 acres. T h e  dif -  
ference in area of 0.9 percent is well 
within the accuracy limitations of the 
techniques used to measure the lake 
area. 

2Lower Okauchee Lake is also 
referred to as Little Okauchee Lake by 
some residents. 



Oconomowoc Lakes a r e  47 acres and 36 
acres i n  s i z e ,  respect ively ,  and both 
a r e  located e n t i r e l y  within Township 8 
North, Range 17  East ,  Town of Oconomo- 
woc. A l l  t h ree  lakes a r e  fed by, and 
dra in  t o ,  t he  Oconomowoc River. Properly 
managed, t he  3,366.4 acre drainage area  
d i r e c t l y  t r i bu t a ry  t o  these  lakes can 
contr ibute  t o  t h e  maintenance of t he  
lakes as important asse t s  t o  the  r e s i -  
dents of t he  County and t he  Region of 
which the  County i s  an i n t eg ra l  p a r t .  

This repor t  discusses t he  physical ,  
chemical, and biological  cha r ac t e r i s t i c s  
of t he  lakes together with pe r t inen t  re -  
l a ted  cha rac t e r i s t i c s  of the  t r i bu t a ry  
drainage area ,  as well as t he  f e a s i b i l -  
i t y  of various water qua l i ty  management 
a l t e r na t i ve s  which may enhance water 
qua l i t y  conditions i n  the  lakes.  The 
primary management ob j e c t  ives f o r  Okau- 
chee, Lower Okauchee, and Upper Ocono- 

mowoc Lakes include: 1) providing water 
qua l i ty  su i t ab l e  fo r  t he  maintenance of 
f i s h  and other aquatic l i f e ,  2)  reduc- 
ing the  sever i ty  of ex i s t ing  nuisance 
problems due t o  excessive macrophyte 
growths which const ra in  o r  preclude in-  
tended water uses,  and 3) improving op- 
por tun i t i e s  f o r  water-based recreat ional  
a c t i v i t i e s  . 
The local  un i t s  of government, as repre-  
sented on the  Okauchee Lake Management 
D i s t r i c t ,  were asked t o  review a pre- 
liminary d r a f t  of t h i s  repor t ,  and com- 
ments based upon t h a t  review a r e  incor- 
porated i n to  t h i s  repor t .  Accordingly, 
the  lake water qua l i ty  management plan 
herein presented should cons t i tu te  a 
p r ac t i c a l  guide fo r  t he  management of 
t he  water qua l i ty  of Okauchee Lake, 
Lower Okauchee Lake, and Upper Oconomo- 
woc Lake, and fo r  the  management of t he  
land surfaces which dra in  d i r e c t l y  t o  
these  lake bodies. 



Chapter  I I  

PHYSICAL DESCRIPTION 

LAKE BASIN 
AND SHORE CHARACTERISTICS 

Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes are fed by and drain to 
the Oconomowoc River. The lakes lie 
within glacial outwash deposits and are 
bordered by a terminal moraine. Basic 
hydrographic and morphometric data for 
the three lakes are presented in Table 
1. The morphometry of the Okauchee, 
Lower Okauchee, and Upper Oconomowoc 
Lake basins is illustrated in Map 1. 
Figure 1 presents an aerial photograph 
of the lakes and surrounding shorelines. 

About 7 percent of Okauchee Lake has a 
water depth less than 5 feet, 41 percent 
has a water depth between 5 and 10 feet, 
22 percent has a water depth between 10 
and 40 feet, and 30 percent of the lake 
has a water depth of more than 40 feet. 
The mean depth of Okauchee Lake is 24.9 
feet and the maximum depth is 115 feet. 
Okauchee Lake is 2.2 miles long and 1.4 
miles wide at its widest point. The 
major axis of the lake lies in a north- 
easterly-southwesterly direction. Okau- 
chee Lake has a volume of approximately 
29,788 acre-feet and a surface area of 
about 1,198 acres. The shoreline of the 
lake has a length of 15.2 miles, and the 
shoreline development factor is 3.1. 
Thus, the Okauchee Lake shoreline is 
about three times as long as that of a 
circular lake of the same area. 

About 18 percent of Lower Okauchee Lake 
has a water depth less than 5 feet, 61 
percent has a water depth between 5 and 
10 feet, and 21 percent has a depth of 
more than 10 feet. The mean depth of 
Lower Okauchee Lake is 7.6 feet and the 
maximum depth is 14 feet. Lower Okauchee 
Lake is 0.4 mile long and 0.2 mile wide 
at its widest point. The major axis of 
the lake lies in a northeasterly-south- 
westerly direction. Lower Okauchee Lake 
has a volume of approximately 357 acre- 

feet and a surface area of about 47 
acres. The shoreline of Lower Okauchee 
Lake has a length of 1.5 miles, and the 
shoreline development factor is 1.5. 

About 31 percent of Upper Oconomowoc 
Lake has a water depth less than 5 feet, 
38 percent has a water depth between 5 
and 10 feet, and 31 percent has a depth 
of more than 10 feet. The mean depth of 
Upper Oconomowoc Lake is 7.4 feet and 
the maximum depth is 14 feet. Upper 
Oconomowoc Lake is 0.4 mile long and 0.2 
mile wide at its widest point. The major 
axis of the lake also lies in a north- 
easterly-southwesterly direction. Upper 
Oconomowoc Lake has a volume of approxi- 
mately 267 acre-feet and a surface area 
of about 36 acres. The shoreline of 
Upper Oconomowoc Lake has a length of 
1.8 miles, and the shoreline development 
factor is 2.1. 

Okauchee Lake is a natural lake basin 
and was originally created by the melt- 
ing of at least two ice blocks entrapped 
in glacial deposits. The lake level was 
naturally controlled until about 1838, 
when a dam was constructed at the lake 
outlet, raising the lake level 9 feet. 
As a result, there are now numerous sub- 
merged stumps in the shallow areas and 
several islands in the lake. The dam was 
used to power a sawmill operation until 
about 1870, a flour mill operation until 
about 1878, and a feed mill operation 
until 1911. In 1911 a new dam was built 
about 2,000 feet downstream from the old 
dam--which was partially removed to 
assure navigability--forming what is now 
called Lower Okauchee Lake. The dam 
replacement was constructed of rein- 
forced concrete and was initially used 
to generate electricity. The lake levels 
were controlled at this site until 1961 
when, because of the need for repairs to 
the existing dam, yet another new dam 
was constructed about 1,800 feet down- 
stream from the then existing dam--which 



Table 1 

HYDROGRAPHY AND MORPHOMETRY OF OKAUCHEE, LOWER OKAUCHEE, 
AND UPPER OCONOMOWOC LAKES: 1975 

a 
The  "residence timeN is  estimated as the time period required fo r  the f u l l  volume of 

the lake t o  be replaced b y  inf lowing waters,  du r i ng  a year of normal precipitat ion. 

Parameter 

Size 
. . . . . . . . .  Area of Lake (acres) 

Area of Total Drainage 
Area (square miles) . . . . . . . . .  

Area of Direct ly T r i b u t a r y  
Drainage Area (square 
miles) . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . .  Lake Volume (acre-feet)  
Residence ~ i m e e . .  . . . . . . . . .  .: .  

Shape 
. . . . . . .  Length of Lake (miles) 

Length of Shoreline 
. . . . . . . . . . . . . . . . . . . . . .  (miles) 

. . . . . . . .  Width of Lake (mi les) .  
Shoreline Development 

  act orb. . . . . . . . . . . . . . . . . . . . . .  

Depth 
. . . . . . . . . . . . . . . . . .  Mean ( fee t )  

. . . . . . . . . . . . . .  Maximum ( f e e t ) .  

b ~ h e  shoreline development factor is the rat io of the shoreline length t o  that  of a 
c i rcular  lake of the same area. 

C Includes d i rec t  drainage areas t o  Lower Okauchee and Upper Oconomowoc Lakes. 

Okauchee 

1,198 

70.19' 

5.26' 
29,788 

9.9  
months 

2 .2  

1 5 . 2 ~  
1 .4  

3 .1  

24.9 
1 1 5 . 0 ~  

dlncluded i n  Okauchee Lake value.  

e Based on measurement of the  lake shoreline f rom a 1" = 500' scale lake survey map. 

Lower 
Okauchee 

47 

- - d 

- - d 
357 
6.2 
days 

0 .4  

1 . 5  
0 .2  

1 .5  

7 .6  
14.0 

~ a s e d  on information provided b y  members of the Okauchee Lake Management 
D is t r i c t .  

Upper 
Oconomowoc 

3 6 

- - d 

- - d 

267 
4.4 
days 

0.4 

1.8 
0 .2  

2.1 

7 . 4  
14.0 

Source: Wisconsin Department of Natural Resources and SEWRPC . 



Map 1 

HYDROGRAPHIC AND MORPHOMETRIC MAP OF, AND WATER 
QUALITY SAMPLING SITE FOR, OKAUCHEE LAKE 

Source: SEWRPC 

was p a r t i a l l y  removed by t h e  Lake Shore 
Development Corporation--thereby c r e a t -  
i n g  Upper Oconomowoc Lake. Thus, a s  of 
1980, t h e  lake  l e v e l s  were con t ro l l ed  by 
a re inforced  concrete dam with a 46 foo t  
wide spi l lway and two l i f t - g a t e s  permit- 
t i n g  t h e  lake  t o  be maintained a t  normal 
e l eva t ions  varying from 872.60 t o  873.71 
f e e t  National Geodetic V e r t i c a l  Datum 
(NGVD). The t o p  of t h e  weir c o n t r o l l i n g  
t h e  water  l e v e l  i s  a t  an e l eva t ion  of 
873.71 f e e t  NGVD, and t h e  t o p  of t h e  dam 
s i l l  i s  a t  an e l eva t ion  of 877.80 f e e t  
NGVD. The Town of Oconomowoc is respon- 
s i b l e  f o r  t h e  continued opera t ion  and 
maintenance of t h e  e x i s t i n g  dam. Both 
Lower Okauchee and Upper Oconomowoc 
Lakes were formed over what were once 
p r imar i ly  marshlands. 

LEGEND 
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Lake bottom sediment types a r e  shown on 
Maps 2 ,  3 ,  and 4 .  Okauchee Lake has a 
g r e a t  v a r i e t y  of bottom sediment types ,  
with a combination of muck and marl,  and 
marl alone,  c o n s t i t u t i n g  27.4 and 24.9 
percent ,  r e spec t ive ly ,  of t h e  t o t a l  
mapped bottom a rea  of Okauchee Lake. 
Subs tan t i a l  a reas  of muck alone,  and a 
combination of muck, marl,  and d e t r i t u s  
a l s o  e x i s t  i n  Okauchee Lake. Sand, g ra -  
v e l ,  and rock bottom types a r e  s c a t t e r e d  
along t h e  shore l ine ,  most p a r t i c u l a r l y  
along t h e  northwest shore l ine  of t h e  
l ake  proper ,  and along t h e  western 
shore l ine  of I c e  House Bay loca ted  on 
t h e  south  end of t h e  lake .  Lower Okau- 
chee Lake has t h e  most homogeneous 
bottom sediment type of t h e  t h r e e  lakes 
with 97 percent  being muck. Upper Ocono- 



Figure 1 

AERIAL PHOTOGRAPH OF OKAUCHEE, LOWER OKAUCHEE, AND 
UPPER OCONOMOWOC LAKES AND SURROUNDING SHORELINE 

Source: SEWRPC. 

mowoc Lake, perhaps because of i t s  
r e l a t i v e l y  recent  d a t e  of formation, 
e x h i b i t s  an unusual mix and d i v e r s i t y  of 
bottom sediment types ,  with cons iderable  
a reas  of muck, c l ay ,  and g rave l .  

Watershed Charac ter i s t ics  
The drainage a rea  d i r e c t l y  t r i b u t a r y  
t o  Okauchee, Lower Okauchee and Upper 

6 

Oconomowoc Lakes-- that  i s ,  t h a t  land 
a r e a  which d ra ins  d i r e c t l y  i n t o  t h e  
l a k e s - - t o t a l s  3 ,366.4 a c r e s ,  o r  5 .26  
square mi les ,  i n  ex ten t  and i s  shown on 
Map 5 .  The t o t a l  drainage a rea  t o  t h e  
lake ,  inc luding  t h e  a rea  dra ined  by t h e  
Oconomowoc River is 44,921.6 ac res ,  o r  
70.19 square mi les .  The lakes  have a 
combined r e l a t i v e l y  low watershed-to- 



Map 2 

BOTTOM SEDIMENT TYPES IN  OKAUCHEE LAKE 

Source: Environmental Resource Assessments and SEWRPC. 
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lake area r a t i o  of 2 . 6  i f  only the 
d i r ec t ly  t r ibu ta ry  area i s  considered. A 
much higher watershed-to-lake area r a t i o  
of 35 i s  computed when the  t o t a l  drain- 
age area of the upstream Oconomowoc 
River system i s  included. The Oconomowoc 
River is the only perennial i n l e t  t o  the  
lakes. The discharge from Upper Oconomo- 
woc Lake enters Oconomowoc Lake about 
one mile downstream from the Upper Oco- 
nomowoc Lake ou t l e t .  The Oconomowoc 
River, which supports resident f i s h  
populations, joins the  Rock River about 
18 miles downstream from Upper Oconomo- 
woc Lake, a t  a point of confluence 
located i n  Jefferson County. 

Climate and Hydrology 
Long-term average monthly a i r  tempera- 
t u re  and precipi ta t ion values for  the  
Okauchee Lake area are  s e t  fo r th  i n  

Table 2 .  These averages were taken from 
o f f i c i a l  National Oceanic and Atmos- 
pheric Administration (NOAA) records for  
the  weather recording s t a t i on  a t  Ocono- 
mowoc. The records of t h i s  s ta t ion  may 
be considered typical  of the  lake area. 
Table 2 also s e t s  for th  runoff values 
derived from U. S .  Geological Survey 
(USGS) flow records for  the  Rock River 
a t  Afton, i n  Jefferson County, Wiscon- 
s in .  The mean annual temperature based 
upon 24 years of record is 46.6'F.  The 
mean annual precipi ta t ion a l so  based 
upon 24 years of record i s  2 9 . 6 0  inches. 
More than half  the  yearly precipi ta t ion 
normally occurs during the  growing 
season, from May t o  September. Runoff 
ra tes  are  generally low during t h i s  
period, since evapotranspiration ra tes  
a r e  high, vegetative cover is good, and 
s o i l s  a r e  not frozen. Normally, l ess  



Map 3 I 
BOTTOM SEDIMENT TYPES IN 

LOWER OKAUCHEE LAKE 
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Map 4 

BOTTOM SEDIMENT TYPES IN  
UPPER OCONOMOWOC LAKE 
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ments and SEWRPC. ments and SEWRPC. 

than 15 percent of the  summer precipi ta-  
t i on  i s  converted t o  surface runoff, but 
intense summer storms may occasionally 
produce high ra tes  and amounts of run- 
o f f .  Approximately 30 percent of t he  
annual p rec ip i ta t ion  normally occurs 
during the  winter o r  ea r ly  spring when 
the  ground is frozen, resu l t ing  i n  high 
ra tes  and amounts of surface runoff dur- 
ing those seasons. Impervious areas,  
such as s t r e e t  surfaces ,  parking l o t s ,  
and rooftops, increase t he  amount of 
surface runoff and decrease s o i l  i n f i l -  
t r a t i on .  1 

The 12-month period over which the  Okau- 
chee Lake water qua l i ty  sampling study 
was carr ied out--December 1976 through 
November 1977--was a period of average 
temperatures and s l i gh t ly  higher-than- 
average amounts of precipi ta t ion i n  
southeastern Wisconsin, as indicated i n  
Table 2 .  Temperatures were generally 
below normal during t he  ear ly  winter of 
1976, above normal i n  the spring of 
1977, and about normal fo r  the  remainder 
of the  study period. Preciptation a t  
Oconomowoc was about 6 .82 inches above 
normal, with the  grea tes t  increased 



Map 5 

Source: SEWRPC. 

amounts occurring in July and August 
1977. However, a severe drought occurred 
in southeastern Wisconsin in the period 
immediately preceding, and including the 
first several months of, the study 
period. The extreme drought conditions 
lasted from approximately May 1976 
through April 1977, and five of the 
first six months of the study period-- 
from December 1976 through May 1977-- 
experienced below normal amounts of 
precipitation. Groundwater levels were 
substantially reduced by this drought, 
and these reduced groundwater levels 
were, in turn, reflected in the below 

normal flow levels in the Rock River. At 
Afton, the flow of the Rock River during 
the study period was only 55 percent of 
normal. Therefore, while precipitation 
amounts were higher than normal during 
the study period, the hydrologic regime 
of the lakes may not have fully re- 
covered from the effects of the preced- 
ing drought period. 

The water level of Okauchee, Lower Okau- 
chee, and Upper Oconomowoc Lakes is pri- 
marily determined by the level of the 
dam located at the Upper Oconomowoc Lake 
outlet. The dam has a normal operating 



Table 2 

LONG TERM AND 1976-1977 STUDY YEAR CLIMATOLOGICAL 
AND RUNOFF DATA FOR THE OKAUCHEE LAKE AREA 

Source: National Oceanic and Atmospheric Administration, U .S. Geological Survey, and SEWRPC. 

Cl  i r r e t o l g i c a l  b t a  

Mean mon th l y  a i r  
tenperature  - O F  

(Oconunowc) 
(1954-1977). . . . . . . . . . 

Mean m n t h l y  
p r e c i p i t a t i o n  - inches 
(Oconanovmc) 
(1954-1977) .......... 

Mean runo f f - i nches  
(Rock R i v e r  a t  A f ton )  
(1914-1978). . . . . . . . . 

C l i m a t o l q i c a l D a t a  

Mean month ly  a i r 
tenperature  - OF 
[Oconanowoc) . . . . . . . . . 

Departure fran n o m l  
month ly  mean a i r  
tenperature  - OF 
( O c o n m m c ) .  . . . . . . . . 

Prec ip i t a t i on - i nches  
(Oconunowoc) . . . . . . . . . 

Depar ture  frm normal 
p r e c i p i  t a t i on - i nches  
(Oconunow c) . . . . . . . . . 

h n o f  f- i nches 
(Rock R i v e r  a t  
A f ton )  ............... 

Depar ture  frm normal 
r u n o f f -  i nches 
(Rock R i v e r  a t  
A f ton )  ............... 

Annual 

46.6 

29.60 

7.27 

L o g  T e n  A v e r g e  Mon th l y  Values 

1976 

D e c m h r  

12.7 

-10.8 

0.29 

-1.05 

0.17 

-0.29 

October 

51.2 

2.33 

0.41 

December 

23.5 

1.34 

0.46 

February 

22.0 

0.81 

0.46 

N w d r  

36.8 

1.78 

0.45 

January 

16.9 

0.95 

0.42 

Annual 

45.4 

-1 .2  

36.42 

6.82 

4.0 

-3.27 

Study Per iod  Average Month ly  Values 

b r c h  

32.2 

1.70 

1.14 

January 

2.4 

-1 4.5 

0.63 

-0.32 

0.17 

-0.25 

A p r i l  

46.9 

2.79 

1.36 

November 

36.7 

-0.1 

2.56 

0.78 

0.53 

0.08 

February 

19.3 

-2.7 

0.49 

-0.32 

0.15 

-0.31 

August 

66.6 

-3.7 

6.74 

3.07 

0.43 

0.09 

May 

58.1 

3.03 

0.85 

March 

39.5 

7.3 

3.48 

1.78 

0.42 

-0.72 

SeptaTlber 

61.8 

0.0 

4.77 

1.23 

0.33 

-0.04 

June 

67.3 

3.77 

0.56 

October 

48.7 

-2.5 

2.09 

-0.24 

0.54 

0.13 

A p r i l  

51.7 

4.8 

2.61 

-0.18 

0.65 

-0.71 

J u l y  

72.1 

3.89 

0.45 

May 

65.6 

7.5 

1.08 

-1.95 

0.22 

-0.63 

August 

70.3 

3.67 

0.34 

September 

61.8 

3.54 

0.37 

1977 

June 

65.1 

-2.2 

4.13 

0.36 

0.17 

-0.39 

J u l y  

74.4 

2.3 

7.55 

3.66 

0.22 

-0.23 



Figure 2 

LAKE LEVEL FLUC-TUATIONS I N  OKAUCHEE LAKE:  
DECEMBER 1976-OCTOBER 1977 

DEC. J A N .  FEB. MARCH APRIL MAY JUNE JULY AUG. SEPT. OCT 
1976 1977 

Source: Environmental Resource Assessments, Wisconsin Department of Natural 
Resources, and SEWRPC. 

l eve l ,  as  es tabl ished by Wisconsin 
Department of Natural Resources, a t  e l e -  
vations of 872.60 t o  873.71 f e e t  NGVD. 
A s  shown i n  Figure 2 ,  t h e  l eve l  of Okau- 
chee Lake rose from a low elevation of 
871.99 f ee t  NGVD i n  ea r ly  December 1976, 
a t  t he  height of the  severe drought, t o  
a high e levat ion of 873.03 f e e t  i n  ea r ly  
August 1977, and then dropped s l i g h t l y  
t o  elevations ranging from 872.70 t o  
872.97 f e e t  from l a t e  August through 
l a t e  October 1977. 

Water budgets f o r  Okauchee, Lower Okau- 
chee, and Upper Oconomowoc Lakes were 
computed from estimated p rec ip i t a t ion ,  
Oconomowoc River inflow and outflow, 
d i r e c t  t r i bu t a ry  surface  runoff ,  ground- 
water inflow and outflow, evaporation, 
and lake l eve l  da ta ,  and a r e  s e t  f o r t h  
i n  Table 3. For Okauchee Lake during t he  
year of t he  study, it is  estimated t h a t  
approximately 35,914 acre-feet  of water 
entered t he  lake. Of t h i s  t o t a l ,  about 
24,330 acre-feet  of water, o r  68 per-  

cent ,  were contributed by inflow from 
the  Oconomowoc River; about 6,516 acre-  
f e e t ,  o r  18 percent ,  were contributed 
from groundwater in£  low; about 3,620 
ac re - fee t ,  o r  10 percent ,  were con t r i -  
buted by d i r e c t  p rec ip i t a t ion  on t he  
lake surface;  and about 1,448 ac re - fee t ,  
o r  4 percent ,  was contributed by surface  
runoff from the  d i r e c t  t r i bu t a ry  dra in-  
age area .  Of the  t o t a l  water output from 
Okauchee Lake of about 35,914 ac re - fee t ,  
about 20,995 ac re - fee t ,  o r  59 percent ,  
were discharged v i a  the  Oconomowoc 
River; about 10,860 ac re - fee t ,  o r  30 
percent ,  l e f t  as groundwater outflow; 
about 2,896 ac re - fee t ,  o r  8 percent ,  
evaporated from the  surface of t he  lake; 
and about 1,163 ac re - fee t ,  o r  3 percent ,  
were represented by increased storage i n  
t h e  lake bas in  with a resu l t ing  higher 
lake l eve l .  Because of t he  re la tve ly  
small s i z e  of Lower Okauchee and Upper 
Oconomowoc Lakes, t he  Oconomowoc River 
accounts f o r  over 97 percent of both t he  
water inputs t o ,  and water outputs from, 
these  two lakes.  



Table 3 

HYDROLOGIC BUDGETS FOR OKAUCHEE, LOWER OKAUCHEE, AND 
UPPER OCONOMOWOC LAKES: DECEMBER 1976-NOVEMBER 1977 

a Assuned t o  be neg l i g i b l e ,  based on study f i e l d  data and r esu l t i ng  water budget. 

Source: SEWRPC. 

l np r t  

Ckonanowoc River.. ..... 
Groundwater ............ 
Di rec t  P rec ip i ta t ion . .  . 
W e r  I  and &no f f ( f ran  

D i r ec t  Drainage 
Area) .................. 

Tota l  

atpt 

Ckonmwoc River .  ...... 
Groundwater ............ 
Evaporation ............ 
Lake Storage ........... 

Total  

Twenty-three p a i r s  of groundwater samp- 
l i n g  we l l s ,  a s  shown on Map 6,  were used 
t o  measure t h e  d i r e c t i o n  and flow of 
groundwater around t h e  lakes .  In  42 of 
t h e  46 we l l s ,  t h e  groundwater q u a l i t y  
was measured. Groundwater inflow t o  
Okauchee Lake was found t o  occur only 
along t h e  nor theas t  shore of t h e  lake  
near  t h e  Oconomowoc River i n l e t .  Much of 
t h e  nor thern  and eas te rn  shores of Okau- 
chee Lake were found t o  serve  as  t r a n s i -  
t i o n  zones, with groundwater sometimes 
flowing i n t o ,  and sometimes out  o f ,  t h e  
lake .  The remaining Okauchee Lake shore-  
l i n e  and Lower Okauchee and Upper Ocono- 
mowoc Lakes appeared t o  se rve  as  ground- 
water recharge a reas .  I t  should be noted 
t h a t  low groundwater l e v e l s  during t h e  
study period may have had an undeter-  
mined a f f e c t  on measured flows a t  t h e  
t e s t  we l l s .  

Map 6 a l s o  shows t h e  locat ion  of known 
storm sewer o u t l e t s  and drainage d i t ches  
which discharge i n t o  t h e  lakes .  There 
were 5 ,  3 ,  and 4 known d i s c r e t e  loca-  
t i o n s  of su r face  drainage discharge t o  
Okauchee, Lower Okauchee, and Upper Oco- 
nomowoc Lakes, r e spec t ive ly .  The water 
discharged from these  o u t l e t s  was 
included i n  t h e  estimated d i r e c t  t r i b u -  
t a r y  su r face  water volumes as  presented 
above. 

The hydraul ic  residence time is  impor- 
t a n t  i n  determining t h e  expected r e s  - 
ponse time of t h e  lake t o  increased o r  
reduced n u t r i e n t  and o the r  p o l l u t a n t  
loadings.  The hydraul ic  residence time 
f o r  Okauchee Lake during t h e  study 
period of December 1976 through November 
1 9 7 7 ,  which was, a s  a l ready noted,  a 
year  of s l i g h t l y  above average p r e c i p i -  

Okauchee Lake 

Volune 
(acre feet)  

24,330 
6,516 
3,620 

1,448 

35,914 

20,995 
10,860 

2,896 
1,163 

35,914 

Percent 
o f  Total  

68.0 
18.0 
10.0 

4.0 

100.0 

59.0 
30.0 

8 .0  
3.0 

100.0 

Lover Okauchee Lake 

Vo l  UIW 
(acre feet)  

20,985 
-- 

142 

47 

21,184 

20,598 
426 
114 
4 6 

21,184 

Upper 
Ckonomowc Lake 

Percent 
o f  Total  

99.8 -- 
0.7 

0.3 

100.0 

97.2 
2 .O 
0.5 
0.3 

100.0 

V o l m  
(acre feet)  

20,686 
- - 

115 

131 

20,912 

20,440 
344 

9 1 
3 7 

20,912 

Percent 
o f  Tota l  

98.9 -- 
0.6 

0.6 

100.0 

97.7 
1.6 
0.5 
0.2 

100.0 



Map 6 

LOCATION OF GROUNDWATER SAMPLING WELLS AND SURFACE DRAINAGE 
OUTLETS AND THE DIRECTION OF GROUNDWATER FLOW AROUND 

OKAUCHEE, LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES: 1976-1977 
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Source: Wisconsin Department of Natural Resources and SEWRPC. 

t a t i on ,  was approximately 10 months. 
Because of t h e i r  r e l a t i ve ly  small vol-  
umes, t he  hydraulic residence times of 
both Lower Okauchee and Upper Oconomowoc 
Lakes ranged from four t o  s i x  days. 

SOIL TYPE AND CONDITIONS 

Composition, slope,  use, and manage- 
ment a re  among the  more important fac- 
t o r s  determining the  e f fec t  of s o i l s  on 
lake water qua l i ty .  Major spec i f ic  s o i l  
types were inventoried i n  the  drainage 
area d i r ec t l y  t r ibu ta ry  t o  t he  lakes and 
analyzed i n  terms of the  associated 
hydrologic charac te r i s t i cs .  An assess- 
ment was made of s o i l  e rod ib i l i t y  and 
s o i l  s u i t a b i l i t y  fo r  use of ons i te  
s ep t i c  tank sewage disposal  systems. 

These assessments were then used t o  
iden t i fy  areas of incompatible land use 
and management. 

Soi l  composition and slope are important 
factors  affect ing t he  r a t e ,  amount and 
qua l i ty  of storm water runoff. The shape 
and s t a b i l i t y  of aggregates of s o i l  par- 
t icles--expressed as s o i l  s t ructure--  
influence the  permeability, i n f i l t r a t i o n  
r a t e ,  and e rod ib i l i t y  of s o i l s .  Slope is 
important i n  determining storm water run- 
off  r a t e s ,  and hence, su scep t ib i l i t y  t o  
erosion. 

So i l s  within the  drainage area d i r ec t l y  
t r ibu ta ry  t o  Okauchee, Lower Okauchee, 
and Upper Oconomowoc Lakes can be cate- 
gorized i n to  the  four main hydrologic 



Table 4 

GENERAL HYDROLOGIC SOIL TYPES IN  
'THE DRAINAGE AREA DIRECTLY TRIBUTARY TO OKAUCHEE, 

LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES 

Source: SEWRPC. 

Group 

A 

B 

C 

D 

Made Land 

Total 

groups and "made" land,  a s  indica ted  i n  
Table 4.  The r e l a t i v e  proport ion of t h e  
t o t a l  a rea  of t h e  d i r e c t  drainage a rea  
covered by each of t h e  hydrologic s o i l  
groups i s :  Group A ,  well  drained s o i l s ,  
8 . 3  percent;  Group B y  moderately drained 
s o i l s ,  83.0 percent ;  Group C, poorly 
drained s o i l s ,  2 .5  percent ;  Group D ,  
very poorly drained s o i l s ,  4 .8 percent ;  

and "made land", 1 .4  percent .  The extent  
of these  s o i l s  and t h e i r  loca t ion  wi th in  
t h e  drainage area  a r e  shown on Map 7 .  
The major s p e c i f i c  s o i l  types present  
wi th in  t h e  d i r e c t  t r i b u t a r y  drainage 
a rea  a re :  Fox s i l t  loam, Theresa s i l t  
loam, Casco loam, Casco-Rodman complex, 
Hochheim loam, S t .  Charles s i l t  loam, 
Brookston s i l t  loam, and marsh s o i l s .  

Soil Characterist ics 

High in f i l t ra t ion rates 
Well drained and excessively drained 

sandy o r  grave l ly  soils 
High rate of  water transmission and 

low runo f f  potential 

Moderate in f i l t ra t ion rates 
Moderately we1 l drained 
Moderately coarse tex tures 
Moderate rate of water transmission 

Slow in f i l t ra t ion rate 
Moderately f ine o r  f ine- tex tured 

layers tha t  impede downard 
movement of  water 

Slow rate of water transmission 

V e r y  low in f i l t ra t ion rates 
Clay soils w i th  h igh shr ink-swel l  

potential; soils w i th  a h igh 
permanent water table; soils 
w i th  a clay pan o r  clay layer 
a t  o r  near the  surface; shallow 
soils over  near ly impervious 
substrate 

V e r y  slow rate of water transmission 

Open p i t  mining areas, man-made fill 
areas, dumps and landfi l ls con- 
ta in ing widely va ry ing  soils and 
other materials 

Extent  
(acres) 

279.4 

2,793.8 

84.1 

161.8 

47.3 

3,366.4 

Percent 
of  Total 

8.3 

83.0 

2 . 5  

4.8 
- 

1.4 

100.00 
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HYDROLOGIC SOIL GROUPS IN THE DRAINAGE AREA DIRECTLY - 
TO OKAUCHEE, LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES 
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Soils  within the  d i r ec t  t r ibu ta ry  area 
were examined for  t h e i r  s u i t a b i l i t y  fo r  
s ep t i c  tank system use. The s u i t a b i l i t y  
of s o i l s  fo r  such systems i s  indicated 
on Map 8 according t o  three  major group- 
ings: su i tab le ,  severely limited, and 
very severely limited for  s ep t i c  systems 
on l o t s  of one acre or  l ess  i n  area.  
These s o i l  categories cover 79,  15, and 
6 percent of the  t o t a l  drainage area 
respectively.  In the  drainage area  d i r -  
e c t l y  t r ibu ta ry  t o  Okauchee, Lower Okau- 
chee, and Upper Oconomowoc Lakes, as of 

1975,  508 of the  estimated 1,335 sep t i c  
systems, or  38 percent, were located on 
s o i l s  having severe or very severe l i m i -  
t a t i ons  fo r  the  use of such systems. 

Land uses within the  t r i bu t a ry  drainage 
area a r e  generally compatible with the  
s o i l  types. Except fo r  the  sewage d i s -  
posal uses noted above, res iden t ia l  de- 
velopment within the  lake watershed is 
compatible with the  s o i l  character is-  
t i c s .  Another consideration for  water- 
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shed management i s  the  s u i t a b i l i t y  of 
t he  s o i l s  fo r  land application of re-  
s idual  wastewater treatment sludges. The 
Commission inventory of wastewater 
sludge management pract ices  within the  
Regjon indicated t h a t ,  i n  1976 ,  sludge 
was not applied i n  the  drainage area d i -  
r ec t l y  t r ibu ta ry  t o  t he  lakes. About 
69.0  percent of the  t o t a l  area of the  

d i r ec t  drainage area t o  Okauchee Lake is 
covered by s o i l s  ra ted as having only 
s l i g h t  l imita t ions  for  wastewater sludge 
application,  as shown on Map 9 .  The re -  
maining areas a re  covered by s o i l s  which 
have l imita t ions  for  sludge application; 
and any such application i n  these areas 
could po ten t ia l ly  be detrimental t o  lake 
water qual i ty .  



Map 9 

SUITABILITY OF SOILS FOR WASTEWATER SLUDGE APPLICATION 
IN THE DRAINAGE AREA DIRECTLY TRIBUTARY TO 

OKAUCHEE, LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES 

Source: SEWRPC. 



Chapter  I I I 

HISTORICAL, EXISTING, AND FORECAST 
LAND USE AND POPULATION LEVELS 

l NTRODUCTION POPULATION 

Water po l lu t ion  problems, and u l t i -  
mate so lu t ions  t o  those  problems, a r e  a 
function of the  human a c t i v i t i e s  wi th in  
t h e  drainage area  of a water body and of 
t h e  a b i l i t y  of t h e  underlying n a t u r a l  
resource base t o  s u s t a i n  those  a c t i v i -  
t i e s .  This i s  espec ia l ly  t r u e  i n  an area  
d i r e c t l y  t r i b u t a r y  t o  a lake,  because 
lakes a r e  more suscep t ib le  than streams 
t o  water q u a l i t y  degradation,  and such 
degradation i s  more l i k e l y  t o  i n t e r f e r e  
with des i red  water uses .  

Superimposed on t h e  i r r e g u l a r  d i r e c t  
t r i b u t a r y  drainage area  boundary of 
Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes i s  a genera l ly  r e c t i -  
l i n e a r  p a t t e r n  of loca l  c i v i l  d i v i s i o n  
boundaries, a s  shown on Map 10. The 
drainage a rea  d i r e c t l y  t r i b u t a r y  t o  t h e  
lakes includes por t ions  of t h e  City of 
Delaf i e l d ,  t h e  Vil lages of Chenequa and 
Oconomowoc Lake, and of t h e  Towns of 
Merton, Oconomowoc, and Summit, a l l  i n  
Waukesha County. None of these  c i v i l  
d iv i s ions  l i e s  e n t i r e l y  wi th in  t h e  
d i r e c t  t r i b u t a r y  drainage area .  The a rea  
and proport ion of t h e  d i r e c t  drainage 
a rea  ly ing wi th in  t h e  j u r i s d i c t i o n  of 
each c i v i l  d iv i s ion ,  as  of 1975, a r e  s e t  
f o r t h  i n  Table 5 .  Geographic boundaries 
of t h e  c i v i l  d iv i s ions  a r e  an important 
f a c t o r  which must be considered i n  any 
water q u a l i t y  management planning e f f o r t  
f o r  a lake,  s ince  these  l o c a l  u n i t s  of 
government provide t h e  bas ic  s t r u c t u r e  
of t h e  decision-making framework wi th in  
which intergovernmental environmental 
problems must be addressed. In  addi t ion  
t o  these  general  purpose u n i t s  of 
government about 706 ac res ,  o r  21 per-  
cent  of t h e  d i r e c t  t r i b u t a r y  drainage 
a rea ,  l i e s  wi th in  t h e  boundaries of t h e  
Okauchee Lake Management D i s t r i c t ,  a 
s p e c i a l  purpose u n i t  of government with 
r e s p o n s i b i l i t i e s  f o r  lake management. 

A s  indica ted  i n  Table 6,  t h e  r e s iden t  
population of the  drainage a rea  t r i b u -  
t a r y  t o  Okauchee Lake has increased 
rapid ly  s i n c e  1950. The 1975 res iden t  
population of the  drainage a rea ,  e s t i -  
mated a t  about 4,160 persons, was double 
t h e  est imated 1950 populat ion.  Popula- 
t i o n  fo recas t s  prepared by t h e  Regional 
Planning Commission, on t h e  b a s i s  of a 
normative regional  land use plan,  ind i -  
c a t e ,  a s  shown i n  Table 6 ,  t h a t  t h e  
population of the  drainage a rea  d i r e c t l y  
t r i b u t a r y  t o  Okauchee, Lower Okauchee, 
and Upper Oconomowoc Lakes should in-  
crease  t o  a l eve l  of about 6,000 persons 
by t h e  year  2000. A comparison of h i s -  
t o r i c a l ,  e x i s t i n g ,  and fo recas t  popula- 
t i o n  l eve l s  fo r  t h e  drainage a rea  
d i r e c t l y  t r i b u t a r y  t o  Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes, 
Waukesha County, and t h e  Southeastern 
Wisconsin Region, i s  s e t  f o r t h  i n  Figure 
3 .  Since 1950, population i n  t h e  d i r e c t  
drainage a rea  of t h e  lakes has increased 
a t  a lower r a t e  than i n  Waukesha County, 
but  a t  a higher r a t e  than i n  t h e  South- 
eas te rn  Wisconsin Region. Forecast  popu- 
l a t i o n  growth t o  t h e  year 2000 i n  t h e  
d i r e c t  drainage a rea  of the  lakes i s  ex- 
pected t o  continue t h i s  p a t t e r n .  This 
population growth may be expected t o  
place a s t e a d i l y  increasing s t r e s s  on 
t h e  na tu ra l  resource base of t h e  lakes '  
drainage a rea ,  and both water resource 
demands and use c o n f l i c t s  may be ex- 
pected t o  increase .  

LAND USE 

The type ,  i n t e n s i t y ,  and s p a t i a l  d i s t r i -  
bution of land uses a r e  important d e t e r - '  
minants of t h e  resource demands i n  t h e  
lake drainage a rea .  The e x i s t i n g  land 
use p a t t e r n  can bes t  be understood with- 
i n  t h e  context of i t s  h i s t o r i c a l  
development. 

- 
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Map 10 

C IV IL  DIVISION AND LAKE MANAGEMENT DISTRICT BOUNDARIES 
IN THE DRAINAGE AREA DIRECTLY TRIBUTARY TO OKAUCHEE, 

LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES: 1975 

Source: SEWRPC. 

The movement of European s e t t l e r s  i n t o  
t h e  Southeastern Wisconsin Region began 
about 1830. Completion of t h e  U .  S. 
Publ ic  Land Survey i n  southeas tern  Wis- 
consin i n  1836 and subsequent s a l e  of 
pub l i c  lands brought a rapid  i n f l u x  of 
s e t t l e r s  i n t o  t h e  a rea .  Map 11 shows t h e  
o r i g i n a l  p l a t  of t h e  U.S.  Publ ic  Land 
Survey f o r  t h e  Okauchee Lake area .  Land 
d i v i s i o n  i n  t h e  Okauchee Lake area  began 
i n  t h e  1830's .  Map 12 and Table 7 i n d i -  
c a t e  t h e  h i s t o r i c  urban growth p a t t e r n  
s i n c e  1850 i n  t h e  drainage a r e a  d i r e c t l y  
t r i b u t a r y  t o  Okauchee, Lower Okauchee, 

and Upper Oconomowoc Lakes. ' The l a rg -  
e s t  increases  i n  urban development oc- 
curred i n  t h e  periods 1920 t o  1940 and 
from 1963 t o  1970. 

'Urban development is defined, fo r  
the  purposes of this report, as an 
area containing a closely spaced net- 
work of land access streets and 
attendant facing urban land uses such 
as residential, commercial, industrial, 
governmental, and institutional uses. 



Table 5 

AREAL EXTENT OF C IV IL  DIVISIONS IN THE DRAINAGE AREA 
DIRECTLY TRIBUTARY TO OKAUCHEE, LOWER OKAUCHEE, 

AND UPPER OCONOMOWOC LAKES: JANUARY 1, 1976 

alncludes the 2 . 0  square miles of surface water area of Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes. 

Source: SEWRPC. 

Civ i l  Division 

Waukesha County 

C i t y  
Delaf ield . . . . . . . .  

Vil lages 
Chenequa . . . . . . .  
Oconomowoc 

Lake . . . . . . . . . . .  

Towns 
Merton . . . . . . . . . .  
Oconomowoc . . . . .  
Summit . . . . . . . . . .  

County Subtotal 

Tota I 

Table 6 
The e x i s t i n g  land use p a t t e r n  i n  t h e  

HISTORIC AND FORECAST RESIDENT drainage a rea  d i r e c t l y  t r i b u t a r y  t o  

POPULATION OF THE DRAINAGE AREA Okauchee, Lower Okauchee, and Upper 

DIRECTLY TRIBUTARY TO OKAUCHEE, Oconomowoc Lakes, a s  of 1975 ,  i s  shown 

LOWER OKAUCHEE, AND UPPER on Map 13 and the  e x i s t i n g  land uses a r e  

OCONOMOWOC LAKES : 1950-2000 quan t i f i ed  i n  Table 8 .  As indica ted  i n  
Table 8 ,  about 3 7 . 2  percent  of t h e  t o t a l  
d i r e c t  drainage a rea  was i n  urban land 
use,  with t h e  dominant urban land use 
being r e s i d e n t i a l ,  encompassing 7 2 . 1  
percent  of t h e  urban land a rea .  Most of 
t h e  medium-density r e s i d e n t i a l  develop- 
ment i s  located south of t h e  Okauchee 
Lake o u t l e t  and e a s t  of Lower Okauchee 
Lake. Most of t h e  r e s i d e n t i a l  develop- 
ment along the  immediate shore l ine  of 

Source: SEWRPC. t h e  lake occurs a t  low d e n s i t i e s .  

Civi l  Division 
Area 

Within Direct  
Drainage Area 
(square miles) 

0.09 

0.05 

0.09 

3.09 
3.90 
0.04 

7.26 

7.26O 

Year 

1950 
1960 
1970 
1975 
2000 

Population 

2,080 
2,640 
3,920 
4,160 
6,000 

Percent 
of Direct  

Drainage Area 
Within 

Civ i l  Division 

1.24 

0.69 

1.24 

42.56 
53.72 
0.55 

100.00 

100.00 

Percent of  
C iv i l  Division 
Within Direct  
Drainage Area 

0.86 

1.08 

2.88 

10.74 
11.62 
0.13 

1.25 

- - 



Figure 3 Table 7 

COMPARISON OF HISTORICAL, EXTENT OF HISTORIC URBAN GROWTH 
EXISTING, AND FORECAST IN THE DRAINAGE AREA DIRECTLY 

POPULATION TRENDS FOR THE TRIBUTARY T O  OKAWCHEE, LOWER 
DRAINAGE AREA DIRECTLY TRIBUTARY OKAUCHEE, AND UPPER OCONOMOWOC 

T O  OKAUCHEE, LOWER OKAUCHEE, LAKES: 1850-1975 
AND UPPER OCONOMOWOC LAKES, 

WAUKESHA COUNTY, AND THE 
SOUTHEASTERN WISCONSIN REGION 

SYJTHEASTERN 
WISCONSIN 

/-/ 

-- 

Year 

1850 
1880 
1900 
1920 
1940 
1950 
1963 
1970 
1975 

Source: SEWRPC. 

' 1 9 0 0  

Extent of 
Urban ~evelo~rnent~ 

(acres) 

- - 
13 
13 

158 
62 1 
639 
649 
847 
946 

REGION-- 

Slightly less than half--47.4 percent-- 
of the lake drainage area was in agri- 
cultural use, such uses being primarily 
located north of Okauchee Lake; open 
land and woodland areas comprised 8.7 
percent of the drainage area. Wetlands 
and water areas--other than the three 
lakes themselves--accounted for 6.7 per- 
cent of the total direct tributary area. 

4 
I 

WAUKESHA 

If present trends continue, accommoda- 
tion of the approximately 1,840 new 
residents expected to reside in the di- 
rect drainage area between 1975 and 2000 
will require further conversion of land 

YEAR land access streets and attendant facing 
urban land uses such as residential, 
commercial, industrial, governmental, 
and institutional uses. 

1910 1920 1 9 M  1 9 4 0  1950 1960 1970 1980 1 9 9 0  

UPPER OCONOMOWOC LAKES DIRECT 
TRIBUTARY DRAINAGE AREA 

Source: SEWRPC . 

COUNTY 

-- 
a Urban development is defined, for the 
purpose of this report, as an area - a 'paced network Of 

/- 

from rural. to urban use. The year 2000 
land use plan adopted by the Regional 
Planning Commission, as set forth in 
summary form on Map 14 and quantified in 
Table 8, recommends that most new resi- 
dential development in the direct drain- 
age area of the lakes occur at low 
densities. Compared to existing land 
uses, a 19 percent increase in urban 
land,uses, and a 20 percent increase in 
residential land uses are recommended to 
occur by year 2000. The agricultural 
land located north of Okauchee Lake is 
designated prime agricultural land, and 
is recommended to remain in agricultural 

/ 

OKAUCHEE. LOWER OKAUCHEE. 
/- 

AND 

--, 
/ 

/ 

/- 
/- 

/- 



Map 11 

ORIGINAL UNITED STATES PUBLIC LAND SLIRVEY MAP FOR 
THE DRAINAGE AREA DIRECTLY TRIBUTARY T O  

THE OKAUCHEE LAKE AREA: 1836 

q% wn.~h ip N.' 8 "", dth Mere, Wis. %r. 

Source: U .S. Public Land Survey and SEWRPC. 
23 



Map 12 

HISTORIC URBAN GROWTH IN THE DRAINAGE AREA DIRECTLY 
TRIBUTARY TO OKAUCHEE, LOWER OKAUCHEE, 

AND UPPER OCONOMOWOC LAKES: 1850-1975 

LEGEND 

_WE <*so 

Source: SEWRPC. 

use. The remaining undeveloped land im- Oconomowoc River totaling 1,964 acres, 
mediately surrounding Okauchee, Lower are recommended to be preserved in es- 
Okauchee, and Upper Oconomowoc Lakes, sentially natural or open uses as envi- 
and the surface areas of those lakes, ronmental corridor, in the adopted 
along with certain lands lying along the regional land use plan. 



Map 13 

EXISTING LAND USE IN THE DRAINAGE AREA DIRECTLY TRIBUTARY TO 
OKAUCHEE, LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES: 1975 

LEGEND 

m&yR ~AFx'wL, '"'."" """W "8" '" 

~PAs&g~~~p,7.a 0 ""RL'W* "NITS *ER 

,""Mb4cy;L %> "3." 0"""""" """ "" 
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m '-sTR'*L 

r a ~ ~ ~ l l m 8 * ,  aBnayB(W;nmm ~ u l a  

O-in)mmMOp 

m = -- 
rn -- 
m m'm 
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Source: SEWRPC. 



Table 8 

EXISTING 1975 AND PLANNED 2000 LAND USE IN THE 
DRAINAGE AREA DIRECTLY TRl  BUTARY TO OKAUCHEE, 

LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES 

a Excludes the  sur face areas o f  Okauchee, Lower Okauchee, and Upper Oconmwoc Lakes. 

Source: SEWRPC . 

Land Use Categories 

Urban 
Res ident i a I 
Mediuri-Density .................... 

....................... Low-Density 
Suburban Dens i ty .  ................. 

Resident ia l  Subtotal  

Cannercia1 ......................... 
Indus t r i a l  ......................... 
Goverrmental and I n s t i t u t i o n a l  ..... 
Transportat ion, C a m n i c a t i o n ,  

and U t i l i t i e s  .................... 
....................... Recreat ional 

Urban Land Use To ta l  

h r a  I 
P g r i c u l t u r e  ........................ 

............................ water?. 
........................... Wetlands 
.......................... Woodlands 

Other Open Lands.. ................. 
h r a l  Land Use To ta l  

Di r e c t  Dra i n q e  Area Tota l  

Ac r es 

126.00 
890.52 

68.00 

1,084.52 

41.88 
8.85 

16.73 

31 3.50 
20.85 

1,486.33 

1,393.02 
94 .48  

132.16 
182.87 

77.49 

1,880.02 

3,366.35 

Planned 2000 

Percent 
o f  Major 
Category 

8.5 
59.9 

4.6 

73.0 

2.8 
0.6 
1 .1  

21.1 
1 . 4  

100.0 

74.1 
5.0 
7.0 
9 .8  
4.1 

100.0 

-- 

1975  

Percent o f  
Study Area 

3 .7  
21.1 

2 .0  

26.8 

1 .2  
0 .3  
0 . 4  

7.9 
0.6 

37.2 

47.4 
2.8 
3.9 
5 .4  
3.3 

62 .8  

100.0 

Acres 

126.00 
707.13 

68.00 

901.1 3 

41.64 
8.85 

14.99 

264.05 
19.24 

1,249.90 

1,595.39 
94.48 

132.16 
182.87 
111.55 

2,116.45 

3,366.35 

Percent o f  
Study Area 

3.7 
26.5 

2 .0  

32.2 

1 . 3  
0 .3  
0 .5  

9 .3  
0.6 

44.2 

41 . 4  
2 .8  
3.9 
5 . 4  
2.3 

55 .8  

100.0 

E x i s t i n g  

Percent 
o f  Major 
Cat%Jor~ 

10.1 
56.6 

5.4 

72.1 

3.3 
0 .7  
1 .2  

21.2 
1 . 5  

100.0 

75.4 
4.5 
6 .2  
8.6 
5.3 

100 .0  

- - 



Map 14 

GENERALIZED PLANNED LAND USE IN THE DRAINAGE AREA 
DIRECTLY TRIBUTARY TO OKAUCHEE, LOWER 

OKAUCHEE, AND UPPER OCONOMOWOC LAKES: 2000 

Source: SEWRPC . 
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Chapter I V  

WATER QUALITY 

HISTORICAL DATA 

Okauchee Lake is  an important water re-  
source i n  southeastern Wisconsin which 
has h i s t o r i c a l l y  received considerable 
a t t en t i on  by limnological researchers.  
Limnological s tud ies  of Okauchee Lake 
da te  back t o  the  ea r ly  1900's when E . A .  

1 Birge and C .  Juday, widely recog- 
nized lake researchers,  col lec ted bas ic  
information on t he  lake.  A s  shown i n  
Table 9 ,  water chemistry data  fo r  Okau- 
chee Lake were col lec ted i n  1926, 1943, 
1944, 1959, and i n  1960. While a review 
of these  h i s t o r i c a l  data  indicate  con- 
s ide rab le  va r ia t ion  i n  water qua l i ty  
condit ions,  much of t h i s  va r ia t ion  i n  
t he  e a r l i e r  years of sampling must be 
a t t r i bu t ed  t o  t he  d i f f e r en t  types of 
ana ly t i ca l  methods which were used. A 
comparison of t he  h i s t o r i c a l  data  s e t  
f o r t h  i n  Table 9 t o  more recent  data  s e t  
f o r t h  i n  Table 11 (see page 35) ind i -  
ca tes  that--except  f o r  t he  dissolved 
oxygen analyses--the data  base is  not 
s u f f i c i e n t  t o  permit documentation of 
any long-term trends i n  the  water 
qua l i t y  of Okauchee Lake. His to r ica l ly  
measured dissolved oxygen p ro f i l e s  of 
Okauchee Lake a r e  discussed below. 

RECENT PHYSICAL AND 
CHEMICAL CHARACTERISTICS 

The water qua l i ty  of Okauchee Lake has 
been monitored per iodical ly  from 1973 
through 1978. Limited water qua l i ty  da ta  
a r e  a l so  avai lable  fo r  Lower Okauchee 
and Upper Oconomowoc Lakes. The r e su l t -  
ing da ta  were used i n  the  management 

plan preparation t o  determine t he  condi- 
t i o n  of t he  lake and t o  character ize  i t s  
s u i t a b i l i t y  f o r  recreat ional  use and t he  
support of f i s h  and other aquatic l i f e .  
The primary s t a t i o n  fo r  most sampling 
a c t i v i t i e s  was located a t  t he  deepest 
por t ion of Okauchee lake, as shown on 
Map 1. Typical monthly temperature and 
dissolved oxygen p r o f i l e s  taken a t  t h i s  
s t a t i o n  a r e  shown i n  Figure 4. Water 
temperatures i n  Okauchee Lake ranged 
from a minimum of 3 2 ' ~  (o'c) during t he  
winter t o  a maximum of 8 3 ' ~  (27 '~ )  dur- 
ing t he  summer. 

Complete mixing of deep lakes such as 
Okauchee Lake is  r e s t r i c t e d  by thermal 
s t r a t i f i c a t i o n  during the  summer, and by 
i c e  cover during t he  winter .  Thermal 
s t r a t i f i c a t i o n  i s  a r e s u l t  of d i f  feren- 
t i a l  heating of the  lake water and water 
temperature densi ty  re la t ionsh ips .  Water 
i s  unique among l iqu ids  i n  t h a t  it 
reaches i t s  maximum density--weight per 
u n i t  volume--at about 3 9 ' ~ .  A s  summer 
begins, the  lake absorbs t he  sun 's  
energy a t  t he  surface .  Wind act ion and 
t o  some extent ,  i n t e rna l  heat  t r an s f e r  
transmit  some of t h i s  energy t o  t he  
underlying waters. A s  t h e  upper layer of 
water i s  heated by t he  sun 's  energy, 
however, a physical b a r r i e r  begins t o  
form between t he  warmer surface  water 
and the  lower, heavier ,  colder water as  
shown i n  Figure 4 ,  graphs E ,  I ,  and M 
f o r  t he  month of July .  This "barr ier"  i s  
marked by a sharp temperature gradient  
known as t he  metalimnion o r  thermocline, 
which separates t he  warmer, l i g h t e r ,  
upper layer of water--called t he  epilim- 
nion--from the  cooler ,  heavier ,  lower 
layer- -cal led  the  hypolimnion. Although 
t h i s  b a r r i e r  i s  e a s i l y  crossed by f i s h ,  

' E .  A .  Birge and C .  Juday, The  it e s sen t i a l l y  p roh ib i t s  the  exchange of 
Inland Lakes of Wisconsin, I .  The  Dis- water between t he  two layers ,  a condi- 
solved Gases and Their Biological Signi- t i o n  which has a g rea t  impact on both 
ficance, Bulletin, Wisconsin Geolo- chemical and b io log ica l  conditions and 
gical and Natural History Survey,  a c t i v i t i e s  i n  Okauchee Lake. The devel- 
Volume 22, 1911. opment of t h e  thermocline begins i n  
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Table 9 

HISTORICAL WATER QUALITY CONDITIONS OF OKAUCHEE LAKE: 1926-1960 

a ~ i  t r a t e  Ni t r q e n  o n l y .  

Source: Wisconsin Depar tment  of N a t u r a l  Resources.  

Water QdaI i t y  
Paraneter 

(mi I i g r s m  p e r  l i t e r )  

N i t r a t e  and 
N i t r i t e  N i t r q e n . .  . . . 

Pmmnia Ni t rogen..  . . . . 
Organic Ni  t rcgen..  . . . . 
Phosphate Fhosphorus.. 
T o t a l  Phosphorus.. . . . . 

Figure 4 

A 
SEPTEMBER 17,1973 

TEMPERATURE (DEGREES FAHREMITI  

S i n p l e  Oate 

-0 Wu&=kds 018SOLVED OXYGEN (ppm) 

November 
1926 

-- 
0.07 
-- 

0.003 
0.160 

F 
NOVEMBER 1% 1974 

TE-ICRE (DEQREES FAHRENCEIT) 

K 
FEBRUARY 19,1976 

TEhWERATLRE (DEGREES FAHRENHZIT) 

DISSOLVED O X W N  (-1 

TEMPERATURE AND DISSOLVED OXYGEN PROFILES 
FOR OKAUCHEE LAKE: 1973-1977 

6 C D E 

J u l y  
1943 

0.08 
-- 

0.38 
0.003 
0.042 

NOVEMBER 26.1973 
TEMPERANRE (DEGREES FAMREMIT) 

30 4 5  60 n SO 

DISSOLVED OXYGEN ( m l  

FEBRUARI 5. 1974 

T E Y P W N R E  IDEQREES FAHRENHEIT1 

DISSOLVED OXYGEN ( m l  

Nwember 
1943 

0.22 -- 
0.32 
0.003 
0.026 

APRIL 3. I n 3  
TE-NRE (DEGREES FAHRENCEITI 

DISSOLVED OXYGEN 1-1 

JULY 141974 
TE-NRE (DEGREES FAHRENCEITI 

OlSSoLVm OXYGEN 1-1 

G H I J 
FEBRUARY 18.1975 APRIL 21 1975 JULY 1.1975 DECEMBER 2, 1975 

T E M P E R A .  IDEGREES FAHRENHEIT) TEMPERA- (DEOREES FAMIENCElT) TEMPERATURE (DEGREES FAWNHEIT) TEMPERA- (DEGRLES FAHREMITI  

DlSSOLVm OXTGEN 1-1 DISSOLVED O X W N  Iml O~SSOLVED OXYGEN lml O l s s O ~ V m  OXlGEN I-) 

A p r i l  
1944 

0.14 
-- 

0.39 
0.003 
0.020 

L 
APRIL 5.1976 

TEMPERA- (DEGREES FAHRENCEITI 

J u l y  
1959 

0.08 
-- 

0.69 
0.095 
0.127 

J u l y  
1944 

0.09 
-- 

0.53 
0.003 
0.033 

30 4 5  6 0  7 5  SO 

3 0  

E t rn 
W 

-0 3 6 9 I 2  IS 
OISSOLVED O X W N  ( w m l  

M 
JULY 16,1976 

TEMPERANRE (DEGREES FAHRENHEIT) 

S s 0 I 2  IS 
DISSOLVED O X W N  I-) 

November 
1959 

0 . 0 7 ~  
-- 

0.79 
0.020 
0.026 

N 
JANUARY 25.1977 

TEMPERATME (DEGREES FAHRENHEIT) 
Om 30 4 5  60 m w 

3 0  - 
# - 
I 

8 6 0  
0 

9 0  

"0 3 6 9 12 15 
DISSOLVED OXYGEN (ppm) 

A p r i l  
1960 

0.34 
-- 

0.55 
0.010 
0.052 

Source: Wisconsin Department of Natural Resources and SEWRPC. 

30 

J u l y  
1960 

0.08 -- 
0.24 
0.059 
0.124 

Range 

0 .07~-0 .34  
0.07 

0.24-0.79 
0.003-0.095 
0.020-0.160 

Mean 

0.14 
0.07 
0.40 
0.022 
0.068 



e a r l y  summer and reaches i t s  maximum i n  
l a t e  summer. This s t r a t i f i c a t i o n  period 
l a s t s  u n t i l  t h e  f a l l ,  when a i r  tempera- 
t u r e s  cool the  su r face  water and wind 
ac t ion  r e s u l t s  i n  t h e  disappearance of 
t h e  thermocline. 

As t h e  surface  water cools ,  it becomes 
heavier ,  s inking and d isplac ing t h e  
warmer water below. The colder  water 
s inks  and mixes under wind ac t ion  t o  
erode t h e  thermocline u n t i l  t h e  e n t i r e  
column of water is  of uniform tempera- 
t u r e  a s  shown i n  Figure 4 ,  graph F. This 
ac t ion ,  which follows summer s t r a t i f i c a -  
t i o n ,  i s  known as t h e  f a l l  turnover.  
When t h e  water temperature drops below 
3g°F, it again becomes l i g h t e r  and 
" f loa t s "  near  t h e  su r f  ace.  Eventually 
t h e  water near t h e  su r face  i s  cooled t o  
3 2 ' ~  a t  which temperature i c e  begins t o  
form and covers t h e  surface  of t h e  lake ,  
i s o l a t i n g  it from t h e  atomosphere f o r  up 
t o  four months. In Okauchee Lake, i c e  
cover t y p i c a l l y  e x i s t s  from December t o  
e a r l y  Apr i l .  Winter s t r a t i f i c a t i o n  oc- 
curs  a s  t h e  colder ,  l i g h t e r  water and 
i c e  remain c lose  t o  t h e  surface ,  again 
separated from t h e  r e l a t i v e l y  warmer, 
heavier  water near t h e  bottom of the  
lake .  Spring brings a r eve r sa l  of the  
process.  A s  t he  i c e  thaws and t h e  upper 
layer  of water warms, it becomes more 
dense and begins t o  approach t h e  tem- 
pe ra tu re  of the  warmer, lower water un- 
til  t h e  e n t i r e  water column reaches t h e  
same temperature. Mixing, induced by t h e  
wind, continues u n t i l  t h e  water tempera- 
t u r e  reaches 3g°F, a s  shown f o r  Apri l  i n  
Figure 4, graph D .  This lake season, 
which follows winter  s t r a t i f i c a t i o n ,  i s  
r e fe r red  t o  as  the  spr ing  turnover.  Be- 
yond t h i s  po in t ,  t h e  water warms a t  t h e  
su r face  and again becomes l i g h t e r  and 
f l o a t s  above t h e  colder  water .  Wind and 
r e s u l t i n g  waves ca r ry ,  t o  a l imi ted  
ex ten t ,  some of t h e  energy of the  
warmer, l i g h t e r  water t o  lower depths. 
Thus begins the  formation of t h e  thermo- 
c l i n e  and another summer thermal 
s t r a t i f i c a t i o n .  

Dissolved oxygen l eve l s  a r e  one of t h e  
most c r i t i c a l  f a c t o r s  a f f e c t i n g  a lake 
ecosystem. In  shallow, f e r t i l e  lakes,  

and small bays of l a rge  lakes ,  winter  
br ings  t h e  t h r e a t  of d issolved oxygen 
deple t ion  and f i s h  mor ta l i ty  under i c e  
cover. I f  t h e  i c e  cover is  t h i c k  and 
snow cover is  deep, l i g h t  penet ra t ion  is  
sometimes i n s u f f i c i e n t  t o  maintain oxy- 
gen-production from t h e  p lan t s  i n  t h e  
lake .  When p l a n t  l i f e  d i e s ,  it ,  along 
with organic bottom muck, consumes d i s -  
solved oxygen i n  t h e  process of decay- 
ing ,  r e s u l t i n g  i n  oxygen deple t ion  which 
k i l l s  f i s h  i f  t h e  supply of dissolved 
oxygen is  not  s u f f i c i e n t  t o  meet t h e  
t o t a l  demand. This condit ion,  commonly 
r e f e r r e d  t o  a s  w i n t e r k i l l ,  has genera l ly  
not  been a problem i n  t h e  open waters of 
Okauchee Lake. Dissolved oxygen l eve l s  
a t  most depths were found t o  be more 
than adequate f o r  t h e  support of f i s h  
throughout t h e  winter ,  a s  shown i n  
Figure 4 ,  graphs C ,  G ,  K ,  and N ,  f o r  t h e  
months of January and February. 

Dissolved oxygen p r o f i l e s  during summer 
s t r a t i f i c a t i o n  on Okauchee Lake show 
t o t a l  oxygen deple t ion  i n  t h e  hypolim- 
nion.  Beginning i n  e a r l y  summer, a s  t h e  
thermocline develops, t h e  lower, colder  
body of water (hypolimnion) becomes i so -  
l a t e d  from t h e  upper, warmer layer  ( ep i -  
l imnion), c u t t i n g  off  t h e  su r face  supply 
of dissolved oxygen t o  t h e  hypolimnion; 
while i n  t h e  epilimnion, wind turbulence 
o r  atmospheric equil ibrium, wave ac t ion ,  
and p lan t  photosynthesis maintain an 
adequate supply of d issolved oxygen. 
Gradually, i f  t h e r e  i s  not  enough d i s -  
solved oxygen t o  meet t h e  t o t a l  oxygen 
demand from decaying mate r i a l ,  t h e  d i s -  
solved oxygen concentrat ion may be 
reduced t o  zero.  This oxygen deple t ion  
was observed i n  Okauchee Lake as  shown 
i n  Figure 4 ,  graphs A ,  E ,  and M f o r  t h e  
months of September and Ju ly ,  and i s  
common of many lakes i n  southeas tern  
Wisconsin. I n  September 1973, t h e  d i s -  
solved oxygen l e v e l  a t  a depth of 42 
f e e t  dropped t o  0.3 p a r t s  per  mi l l ion  
(ppm). This depleted oxygen l e v e l  w i l l  
cause many species  of f i s h  t o  move up- 
ward i n  t h e  water column, where higher 
d issolved oxygen concentrat ions e x i s t .  

Dissolved oxygen p r o f i l e s  of Okauchee 
Lake were a l s o  measured during t h e  l a t e  



Figure 5 

HISTORICAL LATE SUMMER DISSOLVED 
OXYGEN PROFILES FOR OKAUCHEE 

LAKE: 1905-1909 

solved oxygen l eve l s  i n  t h e  hypolimnion. 
There appears t o  have been l i t t l e  change 
i n  t h e  d issolved oxygen l eve l s  and char- 
a c t e r i s t i c s  of Okauchee Lake over t h e  
70-year period of record.  

DISSOLVED OXYGEN CONCENTRATION (ppm) 

Source: E .  A .  Birge and C .  Juday, 191 1 
and SEWRPC. 

summers of 1905 t o  1909. These p r o f i l e s ,  
a s  shown i n  Figure 5 ,  i n d i c a t e  t h a t  
dep le t ion  of oxygen i n  t h e  hypolimnion 
during summer was a l s o  common i n  t h e  
e a r l y  1900's.  In  1909, a se r ious  c i sco  
k i l l  ( a  cold water f i s h  species)  oc- 
curred during t h e  summer, probably 
caused by high temperatures and low d i s -  

Temperature and d issolved oxygen pro- 
f i l e s  f o r  Lower Okauchee and Upper 
Oconomowoc Lakes were a l s o  measured dur- 
ing  t h e  study period of December 1976 
through October 1977. The p r o f i l e s  f o r  
t h e s e  lakes ,  as  shown i n  Figures 6 and 
7, i n d i c a t e  t h a t  a d i s t i n c t  thermal 
s t r a t i f i c a t i o n  during summer does not  
occur i n  e i t h e r  lake and t h a t  dissolved 
oxygen l eve l s  i n  both lakes a r e  high a t  
a l l  depths throughout t h e  year ,  because 
1)  i n i t i a l l y  t h e i r  e n t i r e  water supply 
cons is ted  of t h e  h ighly  oxygenated s u r  - 
f ace  waters of Okauchee Lake; 2)  t h e  
average hydraul ic  r e t e n t i o n  time of 
t h e s e  lakes ranged from only 4 .4  t o  6 .2  
days; and 3 )  these  r e l a t i v e l y  shallow 
lakes a r e  mixed by wind ac t ion  from top 
t o  bottom rou t ine ly  throughout t h e  
summer. Dissolved oxygen l eve l s  i n  these  
two lakes were genera l ly  adequate t o  
support most forms of aquat ic  l i f e  
throughout t h e  winter .  

The range of depths wi th in  which photo- 
s y n t h e t i c  a c t i v i t y  occurs depends, t o  a 
l a rge  ex ten t ,  on t h e  transparency of t h e  
water .  A Secchi Disc was used t o  measure 
water c l a r i t y .  This i s  a black and 
white,  8-inch d i s c  which i s  lowered t o  a 
depth where it i s  j u s t  no longer v i s i b l e  
from t h e  su r face .  Water c l a r i t y  i n  lakes 
i s  t y p i c a l l y  highly va r i ab le .  Secchi 
Disc depth measurements f o r  t h e  period 
of 1973 through 1977 f o r  Okauchee Lake 
and f o r  Apri l  through October 1977 f o r  
Lower Okauchee and Upper Oconomowoc 
Lakes a r e  shown i n  Figure 8 .  In  Okauchee 
Lake, t h e  Secchi Disc readings ranged 
from a low of 4.8 f e e t  i n  Ju ly  1974 t o  a 
high of 22.6 f e e t  i n  February 1976, with 
an average of 9.5 f e e t .  Because Lower 
Okauchee and Upper Oconomowoc Lakes a r e  
shallower and the re fo re  sub jec t  t o  
g r e a t e r  mixing and genera l ly  have more 
e a s i l y  d is turbed muck bottom sediments 
than Okauchee Lake has ,  t h e  Secchi Disc 
measurements f o r  these  lakes a r e  consid- 
e rab ly  l e s s  than those  f o r  Okauchee 
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TEMPERATURE AND DISSOLVED OXYGEN PROF1 LES 
FOR LOWER OKAUCHEE LAKE: 1977 
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Figure 7 

TEMPERATURE AND DISSOLVED OXYGEN PROFILES 
FOR UPPER OCONOMOWOC LAKE: 1977 
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Lake. I n  Lower Okauchee Lake, t h e  Secchi 
Disc readings ranged from a low of 4.8 
f e e t  i n  l a t e  Apri l  and e a r l y  May 1977 t o  
a high of 10.0 f e e t  i n  mid-July and 
October 1977, with an average of 6.6 
f e e t .  In  Upper Oconomowoc Lake, t h e  
Secchi Disc readings ranged from a low 
of 4.0 f e e t  i n  l a t e  Apri l  and l a t e  Sep- 
tember 1977, t o  a high of 8.0 f e e t  i n  
l a t e  October 1977, with an average of 
5 . 3  f e e t .  

Chlorophyll-2 i s  t h e  major photosynthe- 
t i c  pigment i n  a lgae .  The amount of 
chlorophyll-a present  i s  an ind ica to r  of 
t h e  biomass i f  l i v e  a lgae  i n  t h e  water.  
The l e v e l  of chlorophyll-a concentra t ion  
is  useful  i n  determining t h e  t roph ic  s t a -  
t u s  of lakes and hence t h e i r  s u i t a b i l i t y  
f o r  c e r t a i n  water uses.  A s  shown i n  

Table 10, Chlorophyll-g was measured 
seven times i n  Okauchee Lake; s i x  times 
i n  1972 and once i n  1976. The chloro-  
phy l l - a  values i n  Okauchee Lake ranged 
from a-low of 3.4 micrograms per  l i t e r  
(pg / l )  i n  November 1976, t o  a high of 
14.9 p g / l  i n  June 1972. 

Water samples co l l ec ted  from Okauchee 
Lake between 1973 and 1978 were t e s t e d  
f o r  pH ( a c i d i t y ) ,  s p e c i f i c  conductance 
(a  measure of t h e  amount of dissolved 
s o l i d s ) ,  magnesium, sodium, potassium, 
i r o n ,  calcium, manganese, s u l f a t e ,  alka-  
l i n i t y ,  t u r b i d i t y ,  ch lo r ide ,  and d i f f e r -  
e n t  forms of t h e  p l a n t  n u t r i e n t s  
n i t rogen and phosphorus. Ranges and mean 
values found f o r  these  water q u a l i t y  
i n d i c a t o r s  a r e  s e t  f o r t h  i n  Table 11. 



Figure 8 

MEASURED SECCHI DISC DEPTHS IN OKAUCHEE, 
LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES: 1973-1977 
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l r c e :  Wisconsin Department of Natura l  Resources. 

Table 10 

MEASURED CHLOROPHYLL-a - CONCENTRATIONS IN OKAUCHEE LAKE: 1972 and 1976 

a ~ e p o r t  on  Okauchee Lake,  Waukesha Coun ty ,  Wisconsin, EPA Region V ,  Work ing  
Paper No.  64, June 7975. 

b 
Wisconsin Department of Natura l  Resources, Lake S u r v e y  Form, November 1976. 

Concentration 
(micrograms 
per l iter) 

12.7 
14.9 
4 . 0  
4 .1  
7 .7  
6 .7  
3 . 4  

Date 

June 21, 1972 . . . . . . . . . . .  

. . . . . . .  August 19, 1972. .  

November 11, 1972 . . . . . .  

November 9, 1976 . . . . . . .  

Source: Wisconsin Department of Natura l  Resources and t h e  U .S .  
Environmental Protect ion Agency .  

34 

Sou rce 

1 a 
2a 
1 a 
2a 
la 



Table 11 

WATER QUALITY CONDITIONS OF OKAUCHEE LAKE: 1973-1978 

a ~ ~ l  values reported in  mi 1 igr- p r  1 1  t e r  unless otherwise specif ied 

Water ma1  I ty 
Parsnetera 

N i t r i t e  a d  Nitrate 
N i t r q e n  ............ 

h n t a  Nltrogen ..... 
Organic N i t r q e n  ..... 
Total Nitrogen ....... 
Rasphate Rasphorus. 
Total &osphorus ..... 
C a l c i m . . . . . . . . .  ..... 
Mqlnesiun ............ 
WIM _..__.__.. . . . . .  
R l t a s s ~ m .  ........... 
I ron ................. 
Marganese ............ 
Spec, f i c  Corductance 

( m i c r h s / s r n ) .  . . . . . 
S u l f a t e . . . . . . . . . . . . .  . 
O l l o r ~ d e  ............. 
pH (standard un i ts ) . .  
A lka l in i t y  ........... 
Turbidi ty  

(Formazin L h ~ t s )  .... 

byalues for these dates are fron ssrples taken a t  the water surface. A1 1 other v a l u e s  are the werage fron ssrples taken a t  t m  or rmre depths 

Source: Wisconsin Department of Noturol Resources. 
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Chloride concentrat ions ranged from 11.3 
t o  24.0 milligrams per  l i t e r  (mg/l),  
with an average of 14.6 mg/l, which i s  
t y p i c a l  of lakes i n  southeas tern  Wiscon- 
s i n .  Chloride concentrat ions a r e  known 
t o  be increas ing i n  southeas tern  Wiscon- 
s i n  lakes .  Sources of chlor ides  include 
road de ic ing  s a l t ,  t r e a t e d  and unt rea ted  
sewage, animal wastes, water so f t ene r s ,  
and n a t u r a l  leaching of rock minerals .  

Conductivity ranged from 365 t o  519 m i -  
cromhos per  centimeter  (micromhos/cm), 
with an average of 470 micromhos/cm; pH 
f luc tua ted  between 7.7 and 8 . 4  standard 
u n i t s .  The metals da ta  co l l ec ted  a r e  
t y p i c a l  of t h e  hard water lakes i n  t h e  
a rea .  Turbidi ty ,  another measure of poor 
water c l a r i t y ,  i s  low t o  moderate 
throughout t h e  year .  Tota l  a l k a l i n i t y  
was about average f o r  lakes i n  Waukesha 
County. 

The n u t r i e n t s  n i t rogen and phosphorus, 
which a r e  necessary f o r  t h e  growth of 
aqua t i c  p l a n t s ,  including a lgae ,  have a 
s i g n i f i c a n t  e f f e c t  on t h e  s u i t a b i l i t y  of 
lakes f o r  r e c r e a t i o n a l  a c t i v i t i e s .  In  
lakes where suppl ies  of n u t r i e n t s  a r e  
l imi ted ,  p l a n t  growth i s  l imi ted  and t h e  
lakes a r e  t y p i c a l l y  c l e a r  and c l a s s i f i e d  
as  o l igo t roph ic .  Where abundant suppl ies  
of n u t r i e n t s  a r e  ava i l ab le ,  aquat ic  
p l a n t  growth i s  usua l ly  p r o l i f i c ,  
r e s u l t i n g  i n  nuisance algae blooms and/ 
o r  excessive macrophyte growth. Lakes 
experiencing these  condit ions a r e  unat-  
t r a c t i v e  f o r  c e r t a i n  r ec rea t iona l  uses .  

Phosphorus concentrat ions i n  Okauchee 
Lake were found t o  exceed s l i g h t l y  t h e  
l eve l s  bel ieved necessary t o  support 
pe r iod ic  nuisance a lgae  blooms. The 
recommended water q u a l i t y  s tandard f o r  
r ec rea t iona l  use and warmwater f i s h  and 
aqua t i c  l i f e  s e t  f o r t h  i n  t h e  Regional 
Planning  omm mission's adopted regional  
water q u a l i t y  management plan ind ica tes  
t h a t  a lgae  blooms a r e  l i k e l y  t o  occur i n  
lakes where t h e  t o t a l  phosphorus concen- 
t r a t i o n  exceeds 0.02 mg/l during t h e  
sp r ing  turnover.  This i s  the  l eve l  con- 
s ide red  i n  t h e  regional  plan as needed 
t o  l i m i t  a lgae and aquat ic  p lan t  growth 
t o  l eve l s  cons i s t en t  with t h e  recrea-  

t i o n a l  and warmwater f i she ry  and aquat ic  
l i f e  water use ob jec t ives .  In  Okauchee 
Lake during t h e  period of 1973 through 
1978, t h e  mean concentrat ion of t o t a l  
phosphorus was 0.03 mg/l during t h e  
sp r ing  turnover and 0.04 mg/l on an 
annual bas i s .  

The r a t i o  of t o t a l  n i t rogen t o  t o t a l  
phosphorus (N:P) i n  lake  water ind ica tes  
which n u t r i e n t  i s  t h e  f a c t o r  most l i k e l y  
l i m i t i n g  aqua t i c  p l a n t  growth i n  a  
lake .2  Where t h e  N:P r a t i o  i s  
g r e a t e r  than 1 4 1 ,  phosphorus i s  most 
l i k e l y  t o  be t h e  l imi t ing  n u t r i e n t .  I f  
t h e  r a t i o  is  l e s s  than 10:1, n i t rogen i s  
most l i k e l y  t o  be t h e  l imi t ing  n u t r i e n t .  
A s  shown i n  Table 12, i n  Okauchee Lake 
t h e  N:P r a t i o  was always equal t o  o r  
g r e a t e r  than 14:1,  except i n  February 
1974 and January 1977, when t h e  r a t i o  
was 11.7:1, and i n  November 1973, when 
t h e  r a t i o  was 13.7: 1. This ind ica tes  
t h a t  summer aquat ic  p lan t  growth i n  
Okauchee Lake i s  l imi ted  by phosphorus. 

Sediment con t r ibu t ions ,  although not  
measured, a l s o  have an important e f f e c t  
on t h e  condit ion of a  lake .  As a lake 
bottom i s  covered by mater ia l  washed 
i n t o  t h e  lake o r  by t h e  remains of aqua- 
t i c  p l a n t s ,  valuable benthic  h a b i t a t s  
may be destroyed,  s u b s t r a t e  s u i t a b i l i t y  
t o  accommodate rooted macrophytes may be 
increased,  f i s h  spawning areas  may be 
destroyed,  and a e s t h e t i c  nuisances may 
develop. In  addi t ion ,  sediment p a r t i c l e s  
may a c t  a s  a  t r anspor t  mechanism f o r  
o the r  substances,  such as phosphorus, 
n i t rogen,  organic substances,  p e s t i -  
c ides ,  and heavy metals ,  from t h e  water- 
shed and atmosphere. 

EXISTING AND PROBABLE FUTURE 
POLLUTION SOLIRCES AND LOADINGS 

Phosphorus has been i d e n t i f i e d  as  the  
f a c t o r  genera l ly  l imi t ing  aqua t i c  p lan t  

2M. 0. Allum, R.E.  Gessner, and J . H .  
Gokstatter, An Evaluation of the 
National ~utrophicat ion Data, U . S .  
Environmental Protection Agency Working 
Paper No.  900, 1977. 



Table 12 

NI-TROGEN-PHOSPHORUS RATIO FOR OKAUCHEE LAKE: 1973-1978 

Source: Wisconsin Department of Natural Resources a n d  SEWRPC. 

growth i n  Okauchee, Lower Okauchee, and 
Upper Oconomowoc Lakes and excessive 
l eve l s  of phosphorus i n  t h e  lake a r e  
l i k e l y  t o  r e s u l t  i n  condit ions which 
i n t e r f e r e  with the  des i red  use of t h e  
lake .  Exis t ing  and fo recas t  year 2000 
phosphorus sources t o  t h e  lake were 
i d e n t i f i e d  and quan t i f i ed  using Com- 
mission 1975 land use inventory d a t a ;  
Commission planned year 2000 land use 
da ta ,  derived from the  adopted regional  
land use plan;  and t h e    om mission's 
water q u a l i t y  s imulat ion model. 

Nitrogen to 
Phosphorus 

Ratio 

14.8 
13.7 
44.3 
11.7 
33.0 

176.0 
25.7 
19.1 
23.8 
24.0 
41.5 
33.7 
34.7 
39.0 
41 .O 
11.7 
90.0 
20.0 
35.3 
44.0 

Sample Date 

September 17, 1973.. . . .  
November 26, 1973 . . . . .  
November 1973 . . . . . . . . .  
February  5, 1974.. . . . . .  
April 3, 1974.. . . . . . . . . .  
April 1974 . . . . . . . . . . . . . .  
Ju ly  10, 1974 . . . . . . . . . . .  
November 19, 1974 . . . . .  
February  18, 1975.. . . . .  
April 23, 1975.. . . . . . . . .  
Ju ly  1, 1975.. . . . . . . . . . .  
December 2, 1975. . . . . . .  
April 5, 1976.. . . . . . . . . .  
Ju ly  16, 1976.. . . . . . . . . .  
November 9, 1976 . . . . . .  
J a n u a r y  25, 1977 . . . . . . .  
April 1977.. . . . . . . . . . . . .  
J u l y  1977 . . . . . . . . . . . . . . .  
November 1977 . . . . . . . . .  
April 1978.. . . . . . . . . . . . .  

Table 13 s e t s  f o r t h  t h e  est imated phos- 
phorus loads t o  Okauchee, Lower Okau- 
chee, and Upper Oconomowoc Lakes under 
1971 and an t i c ipa ted  year  2000 condi- 
t i o n s ,  i f  no nonpoint source con t ro l s  
a r e  implemented i n  t h e  lake watershed. 
Direc t  t r i b u t a r y  phosphorus loads i n  t h e  
lake  watershed may be expected t o  

decrease s l i g h t l y  because of t h e  planned 
provision of s a n i t a r y  sewers t o  t h e  
drainage a rea .  The est imated annual 
d i r e c t  t r i b u t a r y  t o t a l  phosphorus load 
t o  Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes i s  4,267 pounds and 
3,573 pounds under e x i s t i n g  and a n t i c i -  
pated year  2000 condi t ions ,  respec- 
t i v e l y .  The major d i r e c t  t r i b u t a r y  
sources of phosphorus i n  t h e  lake dra in-  
age a rea  under e x i s t i n g  condit ions a r e  
l ives tock  opera t ions ,  s e p t i c  tank sys-  
tems, and d i r e c t  atmospheric contr ibu- 
t i o n s  t o  t h e  water su r face .  Sep t i c  tank 
systems a r e  not  expected t o  be a major 
source of phosphorus under an t i c ipa ted  
year  2000 condit ions following t h e  pro- 
v i s i o n  of s a n i t a r y  sewer s e r v i c e  t o  t h e  
lake  drainage area .  In  addi t ion  t o  t h e  
d i r e c t  t r i b u t a r y  phosphorus load, about 
2,900 pounds of phosphorus, represent ing  
about 40 percent  of t h e  t o t a l  phosphorus 

Total 
Nitrogen 

(mg/l) 

0.89 
0.82 
1.33 
0.70 
1.65 
1.76 
1.54 
1.34 
0.95 
1.20 
0.83 
1.01 
1.04 
1.17 
1.64 
1.17 
0.90 
0.40 
1.41 
0.88 

Tota I 
Phosphorus 

(mg/l) 

0.06 
0.06 
0.03 
0.06 
0.05 
0.01 
0.06 
0.07 
0.04 
0.05 
0.02 
0.03 
0.03 
0.03 
0.04 
0.10 
0.01 
0.02 
0.04 
0.02 



Table 13 

ESTIMATED TOTAL PHOSPHORUS LOADS IN THE DRAINAGE AREA 
D l  RECTLY T R l  BUTARY TO OKAUCHEE, LOWER OKAUCHEE, 

AND UPPER OCONOMOWOC LAKES: 1975 AND 2000 

a 
Assumes provision of sanitary sewer service as recommended i n  the regional water qual i ty  

management plan; assumes no nonpoint source control .  

blncludes only those systems on soils having severe or  v e r y  severe limitations for  disposal 
of septic tank ef f luent .  

Source 

Residential Land..  . . . . . .  
Commercial Land..  . . . . . .  
Industr ial Land..  . . . . . . .  
Government and 

l nstitutional Land . . . . .  
Transportat ion,  

Communication and 
Uti l i t ies Land.. . . . . . . . .  

Construction 
Act iv i t ies.  . . . . . . . . . . . . .  

Recreational Lands . . . . .  
Septic Tank  System . . . .  

Urban Subtotal 

Agr icul tural  Land . . . . . .  
Direct Atmospheric 
Contr ibut ions.  . . . . . . . . .  

Woodlands . . . . . . . . . . . . . .  
Wetlands . . . . . . . . . . . . . . .  
Open Land . . . . . . . . . . . . .  
Livestock. . . . . . . . . . . . . . .  

Rural Subtotal 

Total 

C 
A n  animal un i t  is  the equivalent i n  waste production of a 1,000 pound da i r y  cow. 

d ~ o e s  not include the 1975 estimated phosphorus load of 2,900 pounds per year or  the year 
2000 anticipated phosphorus load of 1,500 pounds per year contr ibuted b y  the upstream 
drainage f rom the Oconomowoc River .  

2 0 0 0 ~  

Percent 
Distr ibut ion 

3.9 
0.7 
0.2 

0.3 

5.5 

11.4 
0.1 
0.2 

22.3 

3.2 

19.3 
0.6 
- - 

0.2 
54.4 

77.7 

100.0 

Extent 
(acres) 

1,075.4 
41.9 

8.8 

16.7 

313.0 

9.1 
20.8 

5 b  
Systems 

- - 

1,393.0 

1,377.5 
182.9 
132.2 
77.5 

588 
Animal 

unitsC 

- - 

- - 

Source: SEWRPC. 

Anticipated 

Total 
Loading 
(pounds 

per year )  

140 
2 6 

6 

11 

197 

409 
3 
8 

800 

114 

689 
22 
- - 
8 

1 ,940 

2,773 

3, 573d 

1975 

Percent 
Distr ibut ion 

2.8 
0.6 
0.1 

0.2 

3.9 

9.6 
0.1 

17.3 

34.6 

3.0 

16.1 
0.5 
- - 
0.2 

45.6 

65.4 

100.0 

Extent 
(acres) 

892.0 
41.6 

8.8 

15.0 

264.0 

9.1 
19.2 
508 

Systems 

- - 

1,595.4 

1,377.5 
182.9 
132.2 
111.5 

588 
Animal 

unitsC 

- - 

- - 

Existing 

Tota I 
Loading 
(pounds 

per year )  

119 
26 

6 

9 

166 

409 
3 

737 

1,475 

130 

689 
22 
- - 

11 
1 ,940 

2,792 

4,267d 



load to the lakes, is contributed under 
existing conditions by the upstream 
drainage from the Oconomowoc River. 
Under anticipated year 2000 conditions, 
and following the implementation of 
recommended point and nonpoint water 
pollution control measures in the 
upstream drainage areas, the phosphorus 
load from the Oconomowoc River is 
expected to decrease to about 1,500 
pounds per year, representing about 30 
percent of the total phosphorus load to 
the lakes. Within the annual load esti- 
mates of construction erosion as a 
source of sediment and phosphorus to 
Okauchee Lake is included the highway 
construction associated with State Trunk 
Highway (STH) 16. During the preparation 
of this report, there was discussion in- 
volving the Okauchee Lake Management 
District, the Wisconsin Department of 
Transportation, and the Wisconsin De- 
partment of Natural Resources concerning 
the storm water runoff and related sedi- 
ment and nutrient problems in Ice House 
Bay at the point of discharge of a storm 
sewer lying in ~aeckle's Boulevard and 
draining portions of STH 16 and sur- 
rounding areas. This topic is addressed 

11 in Appendix B, Analysis of Stormwater 
Management Alternatives for STH-16 
Drainage Area at Ice House Bay, Okauchee 
Lake. " 

, T I  
Lakes are commonly classified accord- 
ing to their degree of nutrient enrich- 
ment--or trophic status. The ability of 
lakes to support a variety of recrea- 
tional activities and healthy fish and 
aquatic life communities is often corre- 
lated to the degree of nutrient enrich- 
ment which has occurred. There are three 
terms usually used to describe the tro- 
phic status of a lake: oligotrophic, 
mesotrophic, and eutrophic. 

Oligotrophic lakes are nutrient-poor 
lakes. These lakes characteristically 
support relatively few aquatic plants 
and often do not contain very productive 
fisheries. Oligotrophic lakes may pro- 
vide excellent opportunities for swim- 
ming, boating, and waterskiing. Because 
of the naturally fertile soils and the 

intensive land use activities, there are 
relatively few oligotrophic lakes in 
southeastern Wisconsin. 

Mesotrophic lakes are moderately fertile 
lakes which may support abundant aquatic 
plant growths and may support productive 
fisheries. Nuisance growths of algae and 
macrophytes are usually not exhibited by 
mesotrophic lakes. These lakes may pro- 
vide opportunities for all types of rec- 
reational activities, including boating, 
swimming, fishing, and waterskiing. Many 
lakes in southeastern Wisconsin are 
mesotrophic. 

Eutrophic lakes are nutrient-rich lakes. 
These lakes often exhibit excessive 
aquatic plant growths and/or experience 
frequent algae blooms. If the lakes are 
shallow, fish winterkills may be common. 
While portions of these lakes are not 
ideal for swimming and boating, many 
eutrophic lakes support very productive 
fisheries. 

The trophic status of Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes was 
evaluated by the application of three 
commonly used methods: the Lake Condi- 
tion Index, the Dillon and Rigler Model, 
and the Trophic State Index. 

Uttormark and Wall developed a method 
for lake classification based on four 
indicators of eutrophication: dissolved 
oxygen levels; water clarity (transpar- 
ency); occurrence of fish winterkills; 
and recreational use impairment due to 
algae blooms and/or macrophyte growth. A 
measure--referred to as a Lake Condition 
Index--was devised in which points are 
assigned for undesirable symptoms of 
water pollution. Thus, if a lake 
exhibits no undesirable symptoms of 
eutrophication, it receives no points 
and has a Lake Condition Index of zero. 

3 P .  D .  Uttormark and J . P .  Wall, Lake 
Classification- - A  Trophic Characteri- 
zation of Wisconsin Lakes, Environ- 
mental Protection Agency Report No. 
EPA-66013-75-033, 1975.  



Conversely, a lake with all the undesir- 
able characteristics in the most severe 
degree has a Lake Condition Index of 23. 
Under the Uttormark-Wall classification 
system, Okauchee, Lower Okauchee, and 
Upper Oconomowoc Lake all received a 
Lake Condition Index of 5 --as set forth 
in Table 14--which is indicative of 
mesotrophic lakes. This value for the 
three lakes is higher--that is, more 
eutrophic--than only 3 of the 22 rated 
lakes in Waukesha County, and higher 
than only 7 of the 65 rated lakes in the 
seven-county Southeastern Wisconsin 
Region, as shown in Table 15. Therefore, 
based on the Lake Condition Index, 
Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes are less eutrophic than 
most lakes in Waukesha County and in 
southeastern Wisconsin. 

Dillon and Rigler developed a model for 
predicting the total phosphorus concen- 
tration of a lake during the spring 
turnover based on the physical charac- 
teristics of the lake, hydrologic data, 
and phosphorus loading data. The pre- 
dicted phosphorus concentrations can 
also be correlated to average summer 
chlorophyll-g and Secchi Disc (water 
transparency) levels. Using phosphorus 

4D. J .  Dillon and F .  H .  Rigler,"A 
Simple Method fo r  Predicting the 
Capacity of a Lake for  Development 
Based on Lake Trophic Status," Journal 
of the Fisheries Research Board of 
Canada, Volume 32 (1975). pp. 1519- 
1531. 

Table 14 

LAKE CONDITION INDEX CALCULATION FOR OKAUCHEE, 
LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES 

a 
Lake Condition Index Trophic Classification: 

0- 1 very oligotrophic 
2-4 oligotrophic 
5-9 mesotrophic 

10- 12 eutrophic 
13-23 very eutrophic 

Lake Conditions 

Dissolved Oxygen Conditions . . . . 
Water Transparency . . . . . . . . . . . . . 
History of Fish ~ i n t e r k i l l s b . .  . . . . 
Extent and Severity of 
Macrophytes and Algae . . . . . . . . 

Total 

b ~ o r  the purposes of this analysis, early spr ing die-offs of f ish are not 
considered winterki l ls . 

Source: SEWRPC. 

Lake Condition l ndex 
Penalty Pointsa 

Okauchee 

2 
1 
0 

2 

5 

Lower 
Okauchee 

0 
2 
0 

3 

5 

Upper 
Oconomowoc 

0 
2 
0 

3 

5 



Table 15 

LAKE CONDITION INDEX OF SELECTED MAJOR LAKES 
IN SOUTHEASTERN WISCONSIN: 1975 

Category 

v e r y  eutrophic 

mesot roph ic 
mesotrophic 
eutrophic 
mesot rop h ic 
mesot rop h ic 
mesot rop h ic 
mesotrophic 
v e r y  eutrophic 
mesot rop h ic 
v e r y  eutrophic 
mesot rop h ic  
ve ry  eutrophic 
mesot rop h ic 
mesot rop h ic 
mesot rop h ic 
mesot rop h ic 
mesot rop h ic 
eutrophic 
v e r y  eutrophic 
mesot rop h ic  
mesot rop h ic 
mesotrophic 
mesot rop h ic 
v e r y  eutrophic 
eutrophic 
v e r y  eutrophic 
ol igotrophic 
eutrophic 
mesot rop h ic  
mesot rop h ic 
ol igotrophic 
v e r y  eutrophic 
mesot rop h ic 
v e r y  eutrophic 
mesot rop h ic 
mesot rop h ic 
mesot rop h ic 
mesotrophic 
eutrophic 
ol igotrophic 

Watershed 

Des Plaines. . 
Des Plaines.. 
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  
Fox . . . . . . . . .  

. . .  Milwaukee 
Milwaukee . . .  
Milwaukee . . .  
Milwaukee . . .  

County 

Kenosha 

Kenos ha 
Walworth 
Wau kesha 
Racine 
Walworth 
Racine 
Racine 
Kenosha 
Kenos ha 
Walworth 
Wau kesha 
Racine 
Wau kesha 
Racine 
Kenosha 
Walworth 
Walworth 
Wau kesha 
Racine 
Wau kesha 
Kenos ha 
Walworth 
Walworth 
Walworth 
Walworth 
Wau kesha 
Walworth 
Walworth 
Kenos ha 
Kenosha 
Wau kesha 
Racine 
Wa u kes ha 
Walworth 
Racine 
Racine 
Washington 
Washington 
Oza u kee 
Washington 

Major 
Lake Name 

Benet and 
Shangrila 

Paddock 
Beulah 
B ig  Muskego 
Bohners 
Booth 
Browns 
Buena 
Camp 
Center 
Como 
Denoon 
Eagle 
Eagle Spr ing 
Echo 
Elizabeth 
Geneva 
Green 
L i t t le  Muskego 
Long 
Lower Phantom 
Marie 
Middle 
Mill 
Nor th  
Pell 
Pewau kee 
Pleasant 
Potters 
Powers 
Si lver 
Spr ing 
Tichigan 
Upper Phantom 
Wandawega 
Wa u beesee 
Wind 
Big  Cedar 
L i t t le  Cedar 
Mud 
Si lver 

Lake 
Condition 

I ndexa 

13 

9 
7 

12 
6 
6 
8 
6 

14 
6 

13 
8 

20 
5 
6 
6 
5 
9 

12 
17 
9 
8 
7 
8 

13 
12 
13 
4 

12 
8 
8 
4 

2 1 
6 

13 
7 
7 
5 
5 

10 
3 



Table 15 (continued) 

a Lake Condition Index Trophic Classification 
0- 1 very oligotrophic 
2 4  oligotrophic 
5-9  mesotrophic 

10- 12 eutrophic 
13-23 very eutrophic 

b ~ a i o r  lakes are defined as having a surface area of at least 50 acres. 
Lower- Okauchee and Upper Oconomowoc Lakes have surface areas of 47 acres 
and 36 acres, respectively. 

Category 

mesotrophic 
ve ry  eutrophic 
v e r y  eutrophic 
mesot roph ic 
eutrophic 
ol igotrophic 
mesot roph ic 
mesotrop h ic 
eutrophic 
eutrophic 
mesotrophic 
ol igotrophic 
v e r y  eutrophic 
mesotrop h ic 
mesotroph ic 
mesotrophic 
mesotrophic 
mesot rop h ic  
ol igotrophic 
mesot rop h ic 
mesotroph ic 
mesotrophic 
mesotrophic 
ol igotrophic 
mesot rop h ic 
mesotroph ic 

Watershed 

Rock . . . . . . . .  
Rock . . . . . . . . 
Rock . . . . . . . .  
Rock . . . . . . . .  
Rock . . . . . . . .  
Rock . . . . . . . .  
Rock . . . . . . . .  
Rock . . . . . . . . 
Rock . . . . . . . . 
Rock . . . . . . . .  
Rock . . . . . . . .  
Rock . .  . . . .  . . 
Rock . . . . . . . .  
Rock . . . . . . . .  
Rock . . . . . . . .  
Rock . . . . . . . .  
~ o c k ~ .  . . . . . . 
~ o c k ~ .  . . . . . . 
Rock . . . . . . . . 
Rock . . . . . . . .  
Rock . . . . . . . .  
Rock . . . . . . . . 
Rock . .  . . . . . . 
Rock. .  . . . . . . 
Rock . . .  . . . . .  
Rock . . . . . . . .  

Source: SEWRPC. 

loads estimated by the   om mission's predicted total phosphorus concentration 
water quality simulation model, the of 0.03 mg/l for Okauchee Lake, and 0.05 
Dillon and Rigler model was applied to mg/l for both Lower Okauchee and Upper 
Okauchee, Lower Okauchee, and Upper Oconomowoc Lakes. These predicted values 
Oconomowoc Lakes under existing condi- are above the recommended SEWRPC phos- 
tions. The model analysis resulted in a phorus standard of 0.02 mg/l established 

Major 
Lake Name 

Beaver 
Comus 
Delavan 
Dru id  
Five 
Friess 
Golden 
Keesus 
Lac La Belle 
Loraine 
Lower Nemahbin 
Middle Genesee 
Nagawicka 
North 
Oconomowoc 
Okauchee 
Lower Okauchee 
Upper Oconomowoc 
Pike 
Pine 
Si lver 
T r i p p  
Tu r t l e  
Upper Nashotah 
Upper Nemahbin 
Whitewater 

County 

Wau kesha 
Walworth 
Walworth 
Washington 
Washington 
Washington 
Wau kesha 
Wau kesha 
Wau kes ha 
Walworth 
Wau kesha 
Wau kesha 
Wau kesha 
Wau kesha 
Wau kesha 
Wau kesha 
Wau kesha 
Wau kes ha 
Washington 
Wau kesha 
Wau kesha 
Walworth 
Walworth 
Wau kesha 
Waukesha 
Walworth 

Lake 
Condition 

l ndexa 

7 
15 
14 
6 

12 
3 
8 
8 

10 
12 
5 
3 

13 
5 
8 
5 
5 
5 
3 
7 
5 
6 
5 
4 
7 
7 



f o r  lakes t o  support r ec rea t iona l  use 
and warmwater f i s h  and aquatic l i f e ,  a s  
discussed i n  Chapter 7 .  For Okauchee 
Lake, an average summer chlorophyll-a 
concentration of 10.0 micrograms per 
l i t e r  (pg/ l )  and an average summer 
Secchi Disc depth of 6 .8  f e e t  a r e  a l s o  
predic ted.  These da ta  ind ica te  t h a t  
Okauchee Lake would be c l a s s i f i e d  as a 
mesotrophic-eutrophic lake. The pre-  
d ic ted  average summer chlorophyll-3 con- 
centra t ions  and Secchi Disc depth fo r  
Lower Okauchee and Upper Oconomowoc Lakes 
a r e  18.3 pg / l  and 4.3 f e e t ,  and 21.1 
p g / l  and 3.8 f e e t ,  respect ively .  Based 
on these  da ta ,  Lower Okauchee and 
Upper Oconomowoc Lakes would be c l a s s i -  
f i e d  as  eutrophic.  Table 16 compares t h e  

predicted phosphorus concentration, 
chlorophyll-2 concentration, and Secchi 
Disc depth t o  measured da ta  f o r  Okau- 
chee, Lower Okauchee, and Upper Ocono- 
mowoc Lakes. The t a b l e  indicates  t h a t  
t h e  predicted values compare reasonably 
well  with measured values.  

A t h i r d  measure of t roph ic  condit ion can 
be achieved by t he  appl ica t ion of t he  
Trophic S t a t e  Index (TSI). The Trophic 
S t a t e  Index may be computed using t o t a l  
phosphorus, Secchi Disc, and chloro- 
p h y l l - ~  measurements t o  assign a t rophic  
s t a t u s  r a t i ng  t o  a lake. 

The equations fo r  ca lcu la t ing  these  
t h r ee  TSI values are:  

TSI 
40.5 

Total Phosphorus = 10 log of ( ~ o t a l  Phosphorus in pg/l) 

Natural log of 2 1) 
TSI = 1 0 6 - [  Natural log of Secchi Disc in Meters 

Secchi Disc 
Natural log of 2 

TSI 2.04-0.68 Natural log of Chlorophyll-a in pg/l 
Chlorophyll-a = 10 6- [ - 

- Natural log of 2 I> 
Table 16 

COMPARISON OF PREDICTED AND MEASURED TOTAL PHOSPHORUS, 
CHLOROPHYLL-2, AND SECCH l DISC LEVELS IN OKAUCHEE, 

LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES 

aConcentrat ion dur irg the spr i q  turnover. 

b~verage s m r  value. 

CBased on the Di I Ion and Rigler (1974) Model. 

%sed on masured data fran 1973 through 1978. 

Source: Wisconsin Department of Natural Resorces and SEWRPC. 

Water CuaI i ty Parmeter 

Total Fhosphorusa 
Concentration (nq l l )  ... 

Chlorophyl I-ab 
Concentration O.g/I) .. . 

Secchi Disc Depthsb 
( f ee t ) .  . . . . . . . . . . . . . . . . 

Upper O c o n m c  Lake Okauchee Lake 

PredictedC 

0.05 

21 .l 

3.8 

predictedC 

0.03 

10.0 

6.8 

Lower Okauchee Lake 

PredictedC 

0.05 

18.3 

4.3 

Measured d Measured 
d 

Range 

-- 
-- 

4.7-7.1 

Measured d 

Rarge 

0.01-0.05 

4.0-14.9 

4.7-8.5 

Mean 

-- 
-- 

5.5 

Rage 

-- 
-- 

5.0-7.7 

Mean 

0.03 

8.9 

7.3 

Mean 

-- 
-- 

6.7 



TSI r a t i n g s  of l e s s  than 35 a r e  indica-  
t i v e  of o l igo t roph ic  lakes;  r a t i n g s  of 
35 t o  50 s i g n i f y  mesotrophic lakes;  and 
r a t i n g s  higher than 50 a r e  i n d i c a t i v e  of 
eut rophic  lakes .  

Figure 9 

TROPHIC STATE INDEX 
CALCULATIONS FOR OKAUCHEE 

LAKE: 1972-1978 

Figure 9 s e t s  f o r t h  t h e  TSI ca lcu la -  
t i o n s  f o r  t h e  period of June 1972 
through Apri l  1978 f o r  Okauchee Lake. 
The Secchi Disc values shown on Figure 9 
i n d i c a t e  t h a t  Okauchee Lake i s  a  meso- 
t roph ic  lake ,  whereas t h e  t o t a l  phos- 
phorus values i n d i c a t e  t h a t  Okauchee 
Lake i s  genera l ly  a  eut rophic  lake .  The 
values do not  i n d i c a t e  any long-term 
t rends  i n  water q u a l i t y  condi t ions .  The 
t r o p h i c  s t a t e  index values based on 
phosphorus concentrat ions were genera l ly  
higher than t h e  t roph ic  s t a t e  index c a l -  
cu la t ions  based on Secchi Disc l eve l s  o r  
c h l o r o p h y l l - a l e v e l s .  This may be due t o  
a r s e n i c  in te r fe rence  i n  t h e  phosphorus 
t e s t  procedures. About 181,580 pounds of 
sodium a r s e n i t e  were applied during t h e  
period 1950 through 1966 f o r  aqua t i c  
weed con t ro l ,  a s  discussed i n  t h e  aqua- 
t i c  p l a n t  management s e c t i o n  of t h i s  
r e p o r t .  Much of t h e  applied a r sen ic  was 
deposi ted i n  t h e  bottom sediments, and 
t h i s  a r s e n i c  may be re leased from t h e  
sediments t o  t h e  water column during 
anaerobic condi t ions .  Therefore, some 
a r s e n i c  may s t i l l  have been i n  t h e  water 
during t h e  sampling period represented 
i n  Figure 9 .  Since a r sen ic  appears i n  
t h e  t e s t  a s  color i rne t r ica l ly  equivalent  
t o  phosphorus, t h e  normal measurement 
technique f o r  phosphorus measures 
a r s e n i c  a s  we l l .  Because of t h i s  i n t e r -  
ference ,  t h e  phosphorus l eve l s  presented 
with Figure 9 may be e levated  due t o  t h e  
presence of a r sen ic .  Studies i n  Big 

' R .  E .  Carlson. " A  Trophic State 
Index for Lakes ,I1 Limnology and Oceano- 
graphy, Volume 22 ,  No. 2  (19771,  pp.  
361 -369 .  

I LEGEND 1 1 1 I 1 
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0 
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Source: SEWRPC . 

Cedar Lake, Washington County, have 
indica ted  t h a t  i n  t h e  1960's and e a r l y  
1970 t s ,  a r s e n i c  in te r fe rence  r e s u l t e d  i n  
apparent "phosphorus" l e v e l s  which were 
a t  l e a s t  twice as  high a s  a c t u a l  
leve  1s . The extremely high apparent 
? ?  phosphorus" l e v e l s  of 0.12 mg/l shown 
f o r  Okauchee Lake i n  Table 9 f o r  t h e  
summers of 1959 and 1960, years  when 
sodium a r s e n i t e  was appl ied ,  probably 
r e f l e c t  t h i s  a r sen ic  in te r fe rence .  
Accordingly, some degree of e levated  
phosphorus concentrat ions may reasonably 
be assumed f o r  a l l  of t h e  sample per iod .  

Based on t h e  above c l a s s i f i c a t i o n s  and 
analyses,  it may be concluded t h a t  t h e  
c h a r a c t e r i s t i c s  of Okauchee Lake a r e  
i n d i c a t i v e  of a  mesotrophic lake .  

Office of I nland Lake Renewal, Wis- 
consin Department of Natural Resources, 
Big cedar Lake, Washington County, 
Management Alternatives, 1978.  



C h a p t e r  V 

NATURAL RESOURCE BASE AND RECREATIONAL AC-TIVITI ES 

AQUATIC PLANTS 

Macrophy tes  
Aquatic macrophytes play an important 
r o l e  i n  t h e  ecology of southeas tern  Wis- 
consin lakes .  Depending on d i s t r i b u t i o n  
and abundance, they can be e i t h e r  bene- 
f i c i a l  o r  a nuisance. Macrophytes grow- 
ing  i n  t h e  proper locat ions  and i n  
reasonable d e n s i t i e s  i n  lakes a r e  bene- 
f i c i a l  because they provide h a b i t a t  f o r  
o the r  forms of aquat ic  l i f e  and may 
remove n u t r i e n t s  from t h e  water t h a t  
otherwise may con t r ibu te  t o  excessive 
algae growth. However, aquat ic  p lan t s  
may become a nuisance when they reach 
such heavy d e n s i t i e s  t h a t  they i n t e r f e r e  
wi th  swimming and boating a c t i v i t i e s  . 
Many f a c t o r s ,  including lake configura- 
t i o n ,  depth, water c l a r i t y ,  n u t r i e n t  
a v a i l a b i l i t y ,  bottom s u b s t r a t e ,  wave 
ac t ion ,  and type and s i z e  of f i s h  
populat ion present ,  determine t h e  d i s -  
t r i b u t i o n  and abundance of aquat ic  mac- 
rophytes i n  a lake.  

To document t h e  types ,  d i s t r i b u t i o n ,  and 
r e l a t i v e  abundance of aquat ic  macro- 
phytes i n  Okauchee, Lower Okauchee, and 
Upper Oconomowoc Lakes, surveys were 
conducted during t h e  f i r s t  week of June 
1977 and during t h e  l a s t  week of August 
1977. The vegeta t ion  was i d e n t i f i e d  and 
t h e  frequency of occurrence and t h e  r e -  
l a t i v e  abundance of each species  was 
noted a t  136 sampling locat ions  wi th in  
Okauchee Lake, 59 locat ions  wi th in  Lower 
Okauchee Lake, and 67 locat ions  wi th in  
Upper Oconomowoc Lake. Map 15 shows t h e  
loca t ion  of surveyed aquat ic  macro- 
phytes . The macrophyte species ,  
frequency of occurrence, and r e l a t i v e  
abundance a r e  l i s t e d  i n  Table 1 7 .  I l l u s -  
t r a t i o n s  of r ep resen ta t ive  macrophyte 
species  i d e n t i f i e d  i n  t h e  t h r e e  lakes 
a r e  s e t  f o r t h  i n  Appendix A .  

In  genera l ,  t h e  macrophyte growth i n  
Okauchee Lake was found t o  be moderate 
t o  high. The maximum water depth a t  
which macrophyte growth occurred was 

about 15 f e e t .  Macrophytes grow on about 
45 percent  of t h e  lake bottom and macro- 
phytes extend t o  t h e  su r face  of t h e  
water over about 20 percent of t h e  su r -  
face  a rea  of t h e  lake .  The dominant mac- 
rophytes were stonewort (Chara s p . ) ,  
coon ta i l  (Cera to~hvl lum demersum). water 

L d , , 

m i l f o i l  (Myriophyllum exalbescens) ,  
water m i l f o i l ,  (Myriophyllum spicatum), 
and sago pondweed (Pot amogeton - 
pect ina tus)  . 

In  Lower Okauchee and Upper Oconomowoc 
Lakes macrophytes grow a t  a l l  depths and 
cover 75 t o  80 percent  of t h e  lake bot-  
toms. Dominant macrophytes i n  both Lower 
Okauchee and Upper Oconomowoc Lakes a r e  
water m i l f o i l s ,  coon ta i l ,  stonewort,  and 
sago pondweed. In  a l l  t h r e e  lakes ,  t h e  
abundance of macrophytes g r e a t l y  de- 
creased from June t o  August. Much of 
t h i s  decrease may be a t t r i b u t e d  t o  mac- 
rophyte harves t ing  and aquat ic  p lan t  
cont ro l  chemicals applied during t h e  
summer by t h e  Lake Management D i s t r i c t .  

Heavy growths of coon ta i l  and t h e  domi- 
nance of water m i l f o i l s ,  which were 
noted t o  be present  i n  Okauchee Lake, 
a r e  o f t e n  i n d i c a t i v e  of f e r t i l e  lakes .  
Other macrophytes i d e n t i f i e d  i n  t h e  
lakes which may produce nuisance condi- 
t i o n s  include pondweeds (Potamogeton 
spp. ) , bushy pondweed (Na j as  spp . ) , and 
wild ce le ry  o r  e e l  grass  (Va l l i sne r i a  
americana). 

Many species  of macrophytes a l s o  provide 
b e n e f i t s  f o r  t h e  lakes .  Stonewort, wild 
ce le ry  o r  e e l  g rass ,  bushy pondweeds, 
and pondweeds provide food, s h e l t e r ,  
and h a b i t a t  f o r  w i l d l i f e .  Coontai l ,  
stonewort,  bushy pondweeds, and pond- 
weeds, bladderworts,  and wild ce le ry  o r  
e e l  grass  provide valuable food and 
s h e l t e r  f o r  f i s h  and o ther  aquat ic  l i f e .  

Algae 
Algae a r e  small ,  genera l ly  microscopic 
p l a n t s  t h a t  a r e  found i n  a l l  lakes and 
streams. They occur i n  a wide v a r i e t y  of 

45 



LOCATION OF AQUATIC MACROPHYTES IN OKAUCHEE, 
LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES: 1977 

LEGEND 

Source: Wisconsin Department of Natural Resources and SEWRPC. 

forms, in single cells or colonies, and 
can be either attached or free floating. 
Algae are primary producers that form 
the base of the aquatic food chain. 
Through photosynthesis, they convert 
energy and nutrients to the compounds 
necessary to support life in the aqua- 
tic system. Oxygen, which is vital to 
higher forms of life in a lake or 
stream, is also produced in the photo- 
synthetic process. 

Green algae (Chlorophyta) are the most 
important source of food for zooplankton 
or microscopic animals, in the lakes of 

southeastern Wisconsin. Blue-green algae 
(Cyanophyta) are not ordinarily utilized 
by zooplankton or fish populations, and 
may become over-abundant and out of bal- 
ance with the organisms that feed on 
them. Dramatic population increases 
(blooms) of blue-green algae can occur 
when excessive nutrient supplies are 
available, optimum sunlight and tem- 
perature conditions exist, and there is 
a lack of competition from or predation 
by other species. 

Algae blooms may reach nuisance propor- 
tions in fertile--or eutrophic--lakes, 



Table 17 

SUMMARY OF MACROPHYTE SURVEYS OF OKAUCHEE, LOWER OKAUCHEE, 
AND UPPER OCONOMOWOC LAKES: JUNE AND AUGUST 1977 

W u c h e e  Lake 

Anacharis canadensis ........ -- 
C e r a t c p h y l l m  e...... 
Chars species ............... 
E leochar i s  a c ~ c u l a r i s . .  ..... -- 
Heteranthera d t b i a  .......... -- 
Megalodonta B e r n  .......... 
W r l o p h y l  Im e x a l k s c e n s  . . . .  -- 
M y r i c p r n / l l m s p i c a t m  ....... 
W r l o p h y l l m  v e r t i c i l l a t m . .  

% f l e x i l i s  .............. 
Najas n n r i n a  ................ 

var iegatun..  ......... 
Nynphaea t u k r o s a . .  ......... 
Polygonm ............ 
Potamgeton a r p l  l f o l  l us . .  ... 
Potmagetan b e r h t o l d i i  . .... -- 
Potamgeton criSpls.. ....... 
Potmageton q r m i n e u s  ....... 
Potamgetan ~ l l i n o e m i s . . . . .  

P o t w e t o n  pec t ina tus  ...... 
P o t m e t o n  praelorgus ...... 
Potmageton zos te r i  f o m s  ... 
Ranunculus l o q i r o s t r i s  . .... 
U t r i c u l a r i a  s p c i e s  ......... 
V a l l i s n e r i a  aner i ca  na ....... -- 

Percent 
Frequency %f 
Occurrence Re la t  I ve   tund dance^ 

Wate w e d  ............... 
Coontai l  ................ 
Stanevrort o r  mckgrass.. 

Spike rush . . . .  .......... 
Water s t a r  g rass  ........ 
Water m r i g a l d  .......... 
Water m i l f o i l . .  ......... 
W a t e r m i l f o i l  ........... 
Water m i l  f o i l  ........... 
Bushy p d w e d  .......... 
h s h y  pndveed  .......... 
Y e l I w r  ~ a t e r  l i l y  ....... 

...... h i  t e  wa te r  l i l y . .  

Water m r t w d  ......... 
Large- leaf  pondued..  ... 

.......... 4 M l l  p h e d  

... Crul  y - lea f  p h e d . .  

....... Var iab le  p d w e d  

....... I l l i n o i s  p n d r e e d  

........... Sago p d w e d  

W i t e s t e n  pndmed...... 

.. F l a t  s t a r m i  pnjwed. 

S t i f f  Ha te r  c r s v f o o t  .... 
B l a j d e r  mrt ............ 
W i l d  c e l e r y  o r  

Eel s rass  .............. 

June 
- 

0.7 

43.4 

69.9 
-. 

0.0 

2.2 

58.8 

37.5 

26.5 

5.2 

18 .4  

0.7 

1.5 

0.0 

1 .5  

8.8 

14.0 

2.2 

2.9 

42.7 

-- 
0.0 
-- 

3.7 

June 

Very sparse 

C m n  

Abundant 
.- 

Absent 

Very sparse 

Camon 

C m n  

Sparse 

Cornon 

Cornon 

Very sparse 

Sparse 

Absent 

Abundant 

Sparse 

Camon 

Cornon 

Sparse 

Cornon 
.. 

Absent 
-- 

sparse 

A q u s  t 

Very sparse 

C m n  

Camon 
.- 

5 p r s e  

Absent 

Camon 

Cornon 

Absent 

C m n  

Abundant 

Pbsent 

Very sparse 

Very sparse 

Sparse 

Absent 

Sparse 

Sparse 

Absent 

c m n  
.. 

Very sparse 
-- 

Smrse  

L m r  Okauchee Lake 

Percent 
Frequency %f 
Occurrence Re la t i ve  .4tundancet 

June - 
-- 

69.5 

55.9 
-. 

-- 

-- 
76.3 
-- 
-- 

25.4 

1.7 

-- 
-- 
-- 
1.7 
-- 

15.2 

1 .7  

1.7 

44.1 

3.4 
-- 
-- 
1.7 

June 

-. 

C m n  

Abundant 
-- 

-- 
-- 

Cornon 
-- 
-- 

Sparse 

Very sparse 
.- 

-- 
-. 

Cornon 
-- 

Sparse 

Ve-ry sparse 

Cornon 

c m n  

sparse 
-- 

-- 
Very sparse 

A q u s  t 

-- 
C m n  

Camon 
-- 
-- 
.. 

sparse 
.- 

-- 
Sparse 

sparse 
-- 
.- 

-- 
Absent 

-- 
Absent 

Absent 

Absent 

Sparse 

Absent 
-- 

.. 

Absent 

b ~ e r  Oconomuac Lake 

Percent 
Frequency sf 
Occurrence Re la t  ~ v e   tund dance^ 
June 
- 

4.5 

28.9 

32.8 

0.0 

4.5 
-- 

73.1 
-- 
-- 

7.5 
-- 

.. 

-- 
-- 

0.0 
-- 

13.4 
-- 
-. 

7.5 
-- 

-- 

1.5 

1.5 

-- 

A q u s  t 
- 

0.0 

17.9 

29.9 

1 . 5  

6.0 
.- 

67.5 
-- 
-- 
6 .0  
-- 
-- 
-- 
-- 

1.5 
-- 

0 .0  
-- 

-- 
7.5 
-- 
-- 

0.0 

0.0 

-- 

June 

sparse 

c m n  

Abundant 

Absent 

Very sparse 
-. 

Abundant 
-- 

-- 
Sparse 

-- 

-- 
.- 

.- 

Absent 
-- 

Sparse 
-- 
.- 

Cornon 
-- 
-- 

Very sparse 

Very sparse 

-. 

August 

Absent 

Atundant 

Camon 

Sparse 

sparse 
-- 

Camon 
-- 
-- 

Sparse 
-- 
-- 
-- 
-- 

Abundant 
-- 

Absent 
-- 
-- 

Sparse 
-- 
-- 

Absent 

Absent 

.. 

a l h e  percent o f  frequency of occurrence re fe rs  t o  the  percent o f  the 138 s a n p l i r g  s i t e s  i n  v h l c h  the  p l a n t  species was noted 

%he r e l a t i v e  ahndance r e f e r s  t o  t h e  d e n s i t y  o f  t h a t  species vhere i t  i s  fwd. 

Source: Environmental Resources Assessments. 

resulting in the accumulation of surface 
scum or slime. In some cases, heavy con- 
centrations of wind-blown algae accumu- 
late on shoreiines, where they die and 
decompose, causing noxious odors and 
unsightly conditions. The decaying pro- 
cess of algae consumes oxygen, sometimes 
depleting available supplies and re- 
sulting in fish kills. Also, certain 
species of decomposing blue-green algae 
may release toxic materials into the 
water. 

In Okauchee Lake, analyses of the type 
and abundance of algae present indicated 
relatively low concentrations of algae 
in June and July. However, nuisance 
growths of algae occur in bays and along 
shorelines. The algae populations were 
greatest from late April to early May, 
due to a spring bloom of the yellow- 

green algae Dinobryon. The presence of 
blue-green algae, such as Anabaena, Mi- 
crocyst is, Aphanothece, and ~ h r o o c o c c ~  
indicates a potential for algae 
conditions. Chroococcus and Aphanothece 
were the dominant algae from August to 
early September. Illustrations of repre- 
sentative algae species identified in 
Okauchee Lake are set forth in Appendix 
A. 

AQUATIC ANIMALS 

Zooplan kton 
Zooplankton are microscopic floating 
animals which inhabit the same environ- 
ments as phytoplankton, or microscopic 
plants. An important link in the aquatic 
food chain, zooplankton feed mostly on 
algae and, in turn, are a good food 
source for fish. The seasonal succession 



of zooplankton species  wi th in  Okauchee 
Lake during t h e  study year  was dominated 
by a sp r ing  pulse  of Daphnia and Cyclops 
spec ies ,  r o t i f e r s ,  and os t racods .  Popu- 
l a t i o n  cycles during summer a r e  v a r i -  
ab le ,  being a f fec ted  by changes i n  t h e  
food supply and predation by f i s h  and 
o ther  zooplankton. The dens i ty  of zoo- 
plankton individuals  remained low during 
t h e  summer and i n t o  e a r l y  autumn of 
1977, when t h e  study was concluded. 
I l l u s t r a t i o n s  of r ep resen ta t ive  algae 
species  i d e n t i f i e d  i n  Okauchee Lake a r e  
s e t  f o r t h  i n  Appendix A.  

Fish - 
Okauchee Lake supports  a  r e l a t i v e l y  
l a rge  and d ive r se  f i s h  community: Wis- 
consin Department of Natural Resources 
(DNR) survey repor t s  indica ted  t h a t  from 
1946 through 1975, 30 d i f f e r e n t  f i s h  
species  have been captured i n  t h e  lake ,  
a s  shown on Table 18. The pugnose shiner  
(Notropis anogenus), sampled i n  1975, 
i s  cur ren t ly  l i s t e d  by t h e  DNR a s  a  
threa tened spec ies .  The d a t a  do not  in-  
d i c a t e  any major long-term changes i n  
t h e  f i s h e r y  resource of Okauchee Lake. 
Variat ions i n  t h e  species  sampled a r e  
l i k e l y  t h e  r e s u l t  of d i f f e r e n t  sampling 
techniques and l e v e l s  of e f f o r t .  I l l u s -  
t r a t i o n s  of r ep resen ta t ive  f i s h  species  
i d e n t i f i e d  i n  Okauchee Lake a r e  s e t  
f o r t h  i n  Appendix A .  

F ish  k i l l s  have been reported on seven 
d i f f e r e n t  occasions i n  Okauchee Lake. A 
p a r t i a l  winter  k i l l  occurred i n  a  few 
shallow loca l i zed  bays i n  t h e  winter  of 
1976-1977. Fish  k i l l s  a l s o  occured dur- 
ing  t h e  summers of 1966, 1974, and 1976. 
These k i l l s ,  which a l l  occurred i n  June, 
a l s o  occurred i n  shallow bays and were 
probably caused by spawning s t r e s s  as  
wel l  a s  d issolved oxygen dep le t ion .  
K i l l s  of c i sco  were reported i n  t h e  l a t e  
summers of 1909, 1955, and 1966. Cisco 
requ i re  cool water temperatures t o  e x i s t  
and death may occur when t h e  cooler ,  
deeper water beneath the  thermocline 
becomes depleted of dissolved oxygen. In 
genera l ,  t h e  f i s h  k i l l s  i n  Okauchee Lake 
have been infrequent  and l imi ted  i n  
extent  and s e v e r i t y .  The f i s h  popula- 
t i o n s  have not  been se r ious ly  a f fec ted  
by t h e  occasional  k i l l s .  

The Oconomowoc River between North Lake 
and Okauchee Lake is  repor tedly  heavi ly  
used by northern pike and walleye f o r  
spawning. The gravel  and rubble r i f f l e  
areas  and shallow pools wi th in  t h e  
Oconomowoc River a r e  s u i t a b l e  f o r  repro- 
duction by these  species .  The shallow 
marsh areas bordering t h e  Oconomowoc 
River a r e  a l s o  used by northern pike f o r  
spawning. The Oconomowoc River i s  con- 
s idered  v i t a l  t o  t h e  continued na tu ra l  
reproductive success of northern pike 
and walleye i n  Okauchee Lake. 

H i s t o r i c a l l y ,  numerous types of f i s h  
were reported by t h e  DNR t o  have been 
stocked i n  Okauchee Lake. The f i s h  
s tocking record f o r  t h e  period of 1933- 
1978 is  shown i n  Table 19. P r i o r  t o  
1957, a t  l e a s t  e igh t  species were 
stocked i n  t h e  l ake - -b lueg i l l ,  la rge-  
mouth bass,  walleye, bullhead,  perch, 
northern p ike ,  smallmouth bass and 
crappie .  A l l  l i f e  s tages  were stocked, 
including eggs, f r y ,  f inge r l ings  and 
a d u l t s .  Between 1933 and 1957 f i s h  were 
stocked every year except four .  Stocking 
was discontinued i n  1957 because of t h e  
lack of an adequate publ ic  access s i t e .  
Upon t h e  provision of adequate publ ic  
access t o  t h e  lake i n  1978, about 27,000 
walleye f inger l ings  were introduced i n t o  
t h e  lake t h a t  year .  

W I L D L I F E  RESOURCES 

Wild l i f e  h a b i t a t  areas were i n i t i a l l y  
inventoried by t h e  Regional Planning 
Commission i n  1963 and t h i s  i n i t i a l  i n -  
ventory was updated i n  1970 f o r  t h e  Com- 
mission by t h e  Wisconsin Department of 
Natural Resources, Bureau of Research. 
The- w i l d l i f e  h a b i t a t  a reas  were c l a s s i -  
f i e d  by t h e  Commission as deer ,  pheas- 
a n t ,  waterfowl, muskrat-mink, songbird, 
o r  mixed h a b i t a t .  These designations 
were appl ied  t o  help cha rac te r i ze  a  par-  
t i c u l a r  h a b i t a t  a rea  as meeting t h e  par-  
t i c u l a r  requirements of t h e  indica ted  
spec ies .  This c l a s s i f i c a t i o n  does not  
imply t h a t  t h e  named species is  t h e  most 
important o r  dominant species  i n  t h a t  
p a r t i c u l a r  h a b i t a t .  For example, an area  
designated as a  deer  h a b i t a t  may a l s o  
provide s q u i r r e l  and songbird h a b i t a t .  



Table 18 

SPECIES OF FISH CAPTURED IN OKAUCHEE LAKE: 1946-1975 

law, brown, and b l a c k  bu l  lheads w r e  captured. 

C m n  ~ a r n e ~  

Banded k i l l i f i s h  ......... 
B lack  crappie. .  .......... 
B lackch in  sh i ne r .  ........ 
B l a c k s t r i p e d  topminnow.. . 
B l u e g i l l  ................. 
B lun tnosg  minnow.. ....... 
Bul lhead ................ 
Carp. .................... 
Cent ra l  qui l lback 

carpsucker .  ........... 
Da3f i sh.. ............... 
G a r f i s h  ................. 
Golden sh i ne r  ........... 
Grass p i c k e r e l  .......... 
Green sunf  i sh. .......... 
Hornyhead chub. ......... 
Iowa d a r t e r  ............. 
Lake chubsucker ......... 
L a r g e m u t h  bass. ........ 
Logperch.. .............. 
Nor thern  b lacknose 

sh iner . .  .............. 
Nor thern  p i k e  .d......... 
Pugnose s h i n e r  ......... 
Punki nseed.. ............ .......... Rainbow d a r t e r  
Rock bass ............... 
SmaI I m u t h  bass.. ....... 

................. Wal leye 

Mi t e  sucker.. .......... 
Ye1 low perch..  .......... 

3 
Two addi t ional  spec ies were 

d ~ i s t e d  by t h e  Wiscons in  Department o f  Na tu ra l  Resources as a threatened spec ies v h i c h  
appears l i k e l y  w i t h i n  t h e  foreseeable f u t u r e  t o  b e c m  endanyered in t h e  s t a t e .  

Source: Wisconsin Department of Natural Resources. 

:he lake. These w r e  t he  M i t e  bass (Morone chryscps)  and Lake c i s c o  [Coregonus a r t e d i ) .  

h e  i n t e n s i  ty o f  sanpl i q  e f f o r t  was n o t  t h e  sane f o r  a l  l  o f  t h e  surveys. 

Sc ien t  i f i c  Name 

Fundulus diaphanus 
P m x i  s n i g r m c u l a t u s  
N o t r o p i s  heterodon 
Fundulus no ta tus  
L e v i s  macrochi rus 
Pirnepha les no ta tus  
l c t a l u r u s  sceci  es 
Cypr i nus ca rp i  o 

Carp i  odes cypr  i nus 
Pmia c a l v a  -- 
Lepisosteus osseus 
Notemigonus cryso leucas 
Esox amer icanus 

venn i cu l  a t us  
Leporni s cyanel I us 
Nocani s b i g u t  t a t u s  
E theos tam e x i  l e  
Er imyzon suce t t a  
M ic rop te rus  s a l ~ m i d e s  
Perc i  na caprodes 

No t rop i s  h e t e r o l e p i s  
Esox l uc i us  
No trcp i s anqenus  
Lepomi s g ibbosus 
Etheostana caeru leun  
M l o p l i t e s  r u p e s t r i s  
M ic rop te rus  d o l m i e u i  
S t i z o s t e d i o n  v i t r e u n  

v i t reun  
C a t o s t m ~ s  c m r s o n i  
Perca f lavescens 

no ted  by t h e  Lake D i s t r i c t  

1946 

- - 
X 
- - 
-- 
X 
X 
X 
X 

- - 
X 
-- 
- - 

- - 
X 
X - - 
X 
X 
X 

X 
X 
-- 
-- 
X 
X - - 

X -- 
X 

Survey 
b 

1969 

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

- - 
- - 
- - 
- - 

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

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

X - - 
- - 

been 

1975 

X 
X 
X 
X 
X 
-- 
X 
X 

X 
X 
- - 
X 

X 
X 
- - 
X 
X 
X 
X 

X 
X 
X 
X 
- - 
X 
X 

X 
X 
- - 

observed in  

Date 

1950 

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

-- 
X 
X 
- - 

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

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

X 
X 
- - 

Canniss ioners 

o f  

1960 

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

-- 
-- 
-- 
- - 

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

- - 
X - - 
X 
-- 
X 
-- 

X - - 
- - 

t o  have 



Table 19 

FISH STOCKED IN OKAUCHEE LAKE: 1933-1978 

Year 

1933 
1934 
1935 
1936 
1937 

1938 
1939 

1940 
1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 

t o  
1977 
1978 

a l t  i s  not howl rrhether these stocked bass Here m i l r m u t h  o r  largemuth bass. 

h e s e  f i s h  are possibly northern pike rather than pickerel. 

'A f r y  I S  a newly hatched fish; a f i n g e r l i r g  i s  a f i s h  i n  i t s  f i n t  F a r ;  a y e a r l i q  i s  an immture f ish.  

Source: Wisconsin Department of Noturol Resources. 

Year 

1933 
1934 
1935 
1936 
1937 

1938 
1939 

1940 
1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
t o  

1977 
1978 

Bassa 

N h r  

-- 
-- 

800 
680 -- 

-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

No S t o c k i q  
No Stockirg 

-- 
-- 

No Stockirg 
No S t o c k i q  

-- 
No S t o c k i q  

No Stockirg 
-- 

sizeC 

-- 
-- 

Ulknorm 
Unknovn -- 

-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-A 

-- 

-- 
-- 

-- 

-- 

Largemuth 

N h r  

-- 
-- 
-- 
-- 

13,750 

9,000 
9,700 

10,200 
16,000 

8,000 
6,000 
5,000 
4,000 

4,000 
4,000 
4,000 

10,625 

6,250 
-- 

181 

-- 

Bass, Perch. 
and B lueg i l  l 

Bass 

sizec 

-- 
-- 
-- 
-- 

Firger l  i r g  

F i q e r l i r g  
Fi rger l  i rg  

Fi rger l  ~ r g  
F i t q e r l i r g  
Fi rger l  i r g  
F i q e r l i r g  
Fi rger i  iq  
F i q e r l i r g  

F i r g e r l i q  
F i q e r i i r g  
F i q e r l i r g  
Fi rger l  i r g  

F i r g e r l i r g  -- 

Adult 

-- 

Nunber 

-- 
-- 

2,000 
-- 
-- 

-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

Northern 

Nlmber 

-- 
-- 
-- 
-- 

1.500 

5,000 
143,865 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

( ~ d i n e d )  

s izec 

-- 
-- 

Lhknorm 
-- 
-- 

-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

Black 

N h r  

154 
784 

5,750 
2,000 -- 

-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

Pike 

sizeC 

-- 
-- 
-- 
-- 

Firger l  i r g  

F i q e r l i q  
Fry 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

Bass 

s izeC 

Ulknorm 
F i r g e r l i q  
F i q e r l  irg 
hknoun  -- 

-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

N b r  

-- 
-- 

7,500 
1,316 

11,000 

-- 
-- 

-- 
2,000 

10,000 -- 
4,000 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

550 

-- 

Nunber 

-- 
-- 
700,000 

926 
11,000 
28,000 

12,250,000 -- 
2,000 
6,000 

11,827,000 
11,827,200 
11,612,160 

1,720,320 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

Bluegi l l 

Sizec 

-- 
-- 

F i r g e r l  i q  
LMulOm 
Adul t  

-- 
-- 

-- 
F i q e r l  i q  
F i n g e r l i q  -- 
F i n g e r l i q  

-- 

-- 
-- 
-- 
-- 

-- 
-- 

Adul t  

-- 

N h r  

-- 
-- 
-- 
-- 
-- 

-- 
900 

2,500 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

Perch 

sizeC 

-- 
-- 

Fry 
Unlolowl 
Adult 
Fingerl i r g  
Fry -- 
Adult 
Fingerl iq 
Eggs 
Qgs 
Eggs 
Eggs -- 

-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

Bu 

Nunber 

-- 
-- 
-- 

116 -- 

-- 
300 
600 

4,000 -- 
-- 
-- 
-- 
-- 

5,000 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

Surf i sh  

sizeC 

-- 
-- 
-- 
-- 
-- 

-- 
Adult 
F inger l i rg  

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

%I 

N h r  

948,150 
112,860 

4,614,920 
2,400,600 
6,140,000 

4,312,000 
3,524,800 

3,524,800 
5,500,000 
2,500,000 
3,000,000 
1 .OOO,OOO 

2,000 
1,200,000 
2,100,000 -- 

-- 
-- 

31,000 -- 

7,900 

27,000 

N h r  

-- 
-- 

1,500 
500 -- 

-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

I l head 

s izeC 

-- 
-- 
-- 

h k n m  -- 

-- 
Adul t  
F i n g e r l i q  
Yearl iq 

-- 
-- 
-- 
-- 
-- 

Adul t  

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

leye 

s i zeC 

Ulknorm 
Fry 
Fry 
F ry  
Fry 

Fry 
Fry 

Fry 
Fry 
Fry 
Fry 
Fry 
F i n g e r l i q  
Fry 
Fry -- 

-- 
-- 

F i q e r l i q  -- 

F i q e r l i r g  

Finger1 irg 

pickerelb 

sizec 

-- 
-- 

F i q e r l  i r g  
hlolowl -- 

-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

hal Inuuth 

N h r  

-- 
-- 
-- 
-- 

80 

-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

N h r  

-- 
-- 
-- 

800 
2,000 

-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

Bass 

sizeC 

-- 
-- 
-- 
-- 

Adult 

-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

Crappie 

s izeC 

-- 
-- 
-- 

Unlalwm 
Adul t  

-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

Crappie and 
Bluegi  l l 

Nunber 

-- 
-- 

3,500 -- 
-- 

-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 

-- 

-- 

( ~ d i n e d )  

s i zeC 

-- 
-- 

U l k n m  -- 
-- 

-- 
-- 

-- 
-- 
-- --. 
-- 

-- 
-- 
-- -- 

-- 
-- 

-- 

-- 



The f i v e  major c r i t e r i a  used t o  de te r -  
mine t h e  value of these  w i l d l i f e  h a b i t a t  
a reas  a r e  l i s t e d  as follows: 

1. Diver s i ty .  An area  must maintain a 
high but balanced d i v e r s i t y  of 
species  f o r  a temperate c l imate ;  
balanced i n  t h a t  t h e  proper preda- 
tor -prey  (consumer-food) r e l a t i o n -  
sh ips  can occur. In  addi t ion ,  a 
reproductive interdependence must 
e x i s t .  

2 .  T e r r i t o r i a l  Requirements. The main- 
tenance of proper s p a t i a l  r e l a t i o n -  
sh ips  among species  which allows 
f o r  a c e r t a i n  minimum populat ion 
l e v e l  can only occur i f  t h e  t e r r i -  
t o r i a l  requirements of each major 
species  wi th in  a p a r t i c u l a r  h a b i t a t  
a r e  met. 

3 .  Vegetative Composition and St ruc-  
t u r e .  The composition and s t r u c t u r e  
of vegeta t ion  must be such t h a t  t h e  
required l eve l s  f o r  nes t ing ,  t r a v e l  
rou tes ,  concealment, and p ro tec t ion  
from weather a r e  met f o r  each of 
t h e  major spec ies .  

4. Location With Respect t o  Other Wild- 
l i f e  Habitat  Areas. I t  i s  very 
des i rab le  t h a t  a w i l d l i f e  h a b i t a t  
maintain c lose  proximity t o  o ther  
w i l d l i f e  h a b i t a t  a reas .  

5 .  Disturbance. Minimum leve l s  of d i s -  
turbance from human a c t i v i t i e s  a r e  
necessary.  

On t h e  b a s i s  of these  f i v e  c r i t e r i a ,  t h e  
w i l d l i f e  h a b i t a t s  i n  t h e  Okauchee Lake 
watershed were ra t ed  as  high,  medium, o r  
low q u a l i t y .  The q u a l i t y  r a t i n g s  used 
a r e  defined below: 

1. High-value w i l d l i f e  h a b i t a t  a reas  
conta in  a good d i v e r s i t y  of wild- 
l i f e ,  a r e  adequate i n  s i z e  t o  meet 
a l l  of t h e  h a b i t a t  requirements f o r  
t h e  species  concerned, a r e  gener- 
a l l y  located i n  proximity t o  o ther  
w i l d l i f e  h a b i t a t  a reas ,  and meet 
a l l  t h e  o the r  c r i t e r i a  l i s t e d  
above. 

2 .  Medium-value w i l d l i f e  h a b i t a t  areas 
genera l ly  lack one of t h e  f i v e  
aforementioned c r i t e r i a  f o r  a wild- 
l i f e  h a b i t a t  a rea .  

3 .  Low-value w i l d l i f e  h a b i t a t  a reas  
a r e  remnant i n  na tu re  i n  t h a t  they 
genera l ly  lack two o r  more of t h e  
f i v e  aforementioned c r i t e r i a  f o r  a 
w i l d l i f e  h a b i t a t  a rea ,  but may 
never the less  be important i f  they 
a r e  located i n  proximity t o  o ther  
medium- and/or high-value h a b i t a t  
a reas ,  i f  they provide cor r idors  
l ink ing  higher value w i l d l i f e  habi- 
t a t  a reas ,  o r  i f  they provide t h e  
only ava i l ab le  range i n  an a rea .  

A s  shown on Map 16 ,  t h e  drainage area  
d i r e c t l y  t r i b u t a r y  t o  Okauchee Lake con- 
t a i n s  a l imi ted  amount of w i l d l i f e  habi-  
t a t ,  most of which is  located i n  t h e  
northern port ions of t h e  drainage a rea .  
Within t h e  drainage a rea  d i r e c t l y  t r i b u -  
t a r y  t o  Okauchee Lake, woodlands cover 
approximately 183 ac res ,  and wetlands 
and open water areas  exclusive of t h e  
lake  su r face  c o n s t i t u t e  approximately 
227 ac res .  The woodlands located i n  t h e  
nor th  c e n t r a l  por t ion  of t h e  watershed 
provide high- and medium-value s q u i r r e l  
h a b i t a t .  The wetland complex adjacent  t o  
t h e  Oconomowoc River i n l e t  provides 
high- and medium-value muskrat-mink 
h a b i t a t  and high-value waterfowl and 
pheasant h a b i t a t .  F i n a l l y ,  seve ra l  
small ,  i s o l a t e d  open water areas  nor th ,  
west,  and southeast  of t h e  lake  provide 
l imi ted  low- and medium-value waterfowl 
h a b i t a t .  The waterfowl areas  located i n  
Township 8 North, Range 1 7  Eas t ,  Sec- 
t i o n  13,  a r e  ranked as  high-value 
h a b i t a t .  

WOODLANDS 

Woodlands i n  southeas tern  Wisconsin 
a r e  defined as  those areas  which contain 
17 o r  more t r e e s  per  ac re  which have a t  
l e a s t  a four-inch diameter a t  b reas t  
he igh t . '  In add i t ion ,  t h e  na t ive  wood- 

' The  diameter at breast height ( d b h ]  
is measured at 4.5 feet above the 
ground. 



WILDLIFE HABITAT IN THE DRAINAGE AREA DIRECTLY TRIBUTARY _ 
TO OKAUCHEE, LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES : 1980 

LEGEND 

m n'o* o"aL'T' 

Source: SEWRPC. 

lands are  c l a s s i f i ed  as dry, dry-mesic, oak (Quercus e), shagbark hickory 
mesic, wet-mesic, and wet hardwood for -  (Carya ovata) , black cherry (Prunus sero- 
e s t s  and conifer swamp fores t s .  The t i n a ) ,  and red cedar (Juniperus v i rg in i -  
l a t t e r  three woodland c lass i f ica t ions  - ana); southern dry-mesic hardwood 
are  a l so  considered wetlands and, for  fores t s  characterized by northern red 
the purposes of t h i s  report ,  are  d i s -  oak (Quercus borea l i s ) ,  white ash ( F x  
cussed i n  the section on wetlands. The inus - americana), and basswood (T- 
drainage area d i rec t ly  t r ibu ta ry  t o  americana); and southern mesic hardwood 
Okauchee Lake contains f i ve  of the fores t s  dominated by sugar maple (& 
native woodland c lass i f ica t ions .  saccharurn). 

Specif ical ly ,  the woodlands i n  the  Okau- Within the  Okauchee Lake drainage 
chee Lake drainage area,  shown on Map area,  woodlands are  found as scat tered 
1 7 ,  include southern dry hardwood for -  woodlots along the southeast, southwest, 
e s t s ,  which are  characterized by white and north shore of the  lake,  with some 



Map 17 

'LANDS AND WOODLANDS IN THE DRAINAGE AREA DIRECTLY TRlBl 
OKAUCHEE, LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES: 
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Source: SEWRPC . 

r e l a t i ve ly  large,  contiguous t r a c t s  i n  
the  northern portion of the watershed. 
Most of these wooded t r a c t s  contain 
southern dry t o  dry-mesic hardwoods. 
However, a s ing le  stand of southern 
mesic hardwoods, dominated by large 
mature sugar maple t r ee s ,  i s  located i n  
the  southwest one-quarter of Section 18 
i n  the Town of Merton. 

WETLANDS 

Wetlands i n  southeastern Wisconsin a r e  
c l a s s i f i ed  as deep marsh, shallow marsh, 
bog, fen, low p ra i r i e ,  southern sedge 
meadow, f resh (wet) meadow, shrub ca r r ,  

JTARY 
1980 

southern wet and wet-mesic hardwood for-  
e s t ,  and conifer swamp. The major wet- 
land communities located i n  t he  drainage 
area d i rec t ly  t r ibu ta ry  t o  Okauchee 
Lake, shown on Map 17,  include deep and 
shallow marsh, sedge meadow, f resh (wet) 
meadow, and shrub ca r r .  Table 20 charac- 
t e r i ze s  the  wetland plant species typ i -  
ca l ly  found i n  t he  drainage basin.  

Lowland forests  i n  the Okauchee Lake 
drainage basin include southern wet t o  
southern wet-mesic hardwood fores t s  
which are  characterized by the preva- 
lence of black willow (Salix nigra) ,  -- 
cottonwood (Populus del toides) ,  green 



Table 20 ash (Fraxinus pennsylvanica),  s i l v e r  
maple ( A x r  saccharinum), and American 

EMERGENT WETLAND PLANT SPECIES elm (Ulmus americana) . 
IN  T H E  DRAINAGE AREA DIRECTLY 

Typhaceae 
T y p h a  la t i fo l ia . .  . . . . . . . . . . . . . . . . .  
T y p h a  angust i fo l ia . .  . . . . . . . . . . . . .  

Sparganiaceae 
Sparganium eu ryca rpum . . . . . . . . .  

Gramineae 
Glycer ia  m.. . . . . . . . . . . . . . . . .  
Phragmites communis . . . . . . . . . . . .  
Calamogrostis canadensis . . . . . . . .  
Spar t ina  pect inata . . . . . . . . . . . . . . .  
Phalar is arundinaceaa..  . . . . . . . . . .  

Cyperaceae 
Sc i rpus va l idus. .  . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  Sc i rpus acutus 
Sci rpus a t rov i rens .  . . . . . . . . . . . . . .  
Carex s t r i c t a . .  . . . . . . . . . . . . . . . . . .  
Carex lacus t r i s . .  . . . . . . . . . . . . . . . .  
Carex s p p  . . . . . . . . . . . . . . . . . . . . . . .  

l  ridaceae 
I r i s  ers ico lor . .  . . . . . . . . . . . . . . . . .  

~ a l i c a c z a e  
Salix n i q ra  . . . . . . . . . . . . . . . . . . . . . .  
Salix i n t e r i o r . .  . . . . . . . . . . . . . . . . . .  
Salix d isco lor . .  . . . . . . . . . . . . . . . . . .  -- 

Ulmaceae 
Ulmus americana..  . . . . . . . .  .. . . . .  

Pol ygonaceae 
Rumex o rb i cu la tus . .  . . . . . . . . . . . . .  
Polygonum n* . . . . . . . . . . . . . . .  

Aceraceae 
Acer  ne undo  . . . . . . . . . . . . . . . . . . .  

Rh%aceage 
Rhamnus cathar t icaa. .  . . . . . . . . . . .  -- 

L y t h  raceae 
Decodon ver t ic i l la tus  . . . . . . . . . . . .  
L y t h r u m  sa l icar iaa. .  . . . . . . . . . . . . .  

Umbel l i ferae 
Angel ica a t ropu rpu rea  . . . . . . . . . . .  
Oxypol is  r i q i d i o r  . . . . . . . . . . . . . . . .  

Cornaceae 
Cornus amomum . . . . . . . . . . . . . . . . .  
Cornus s to lon i fera .  . . . . . . . . . . . . . .  

Oleaceae 
F rax inus  pennsy lvan ica. .  . . . . . . . .  

Asclepiadaceae 
Asclepias i nca rna ta .  . . . . . . . . . . . . .  

Verbenaceae 
Verbena hastata . . . . . . . . . . . . . . . . .  

Labiatae 
Pycnanthemum v i rq i n i anum. .  . . . . .  
Lycopus un i f l o rus  . . . . . . . . . . . . . . .  
Lycopus americanus . . . . . . . . . . . . .  
Mentha a r v e n s i s . .  . . . . . . . . . . . . . . .  

Capri fol iaceae 
Sambucus canadensis . . . . . . . . . . . .  

Cucurbi taceae 
Echinocyst is @ .. . . . . . . . . . . . .  

Compos i tae 
Bidens coronata . . . . . . . . . . . . . . . . .  -- 
Ambrosia t r i f i d a  . . . . . . . . . . . . . . . . .  -- 
Solidago g igantea.  . . . . . . . . . . . . . . .  
Aster Novae-angliae . . . . . . . . . . . . .  
Aster pun i ceus . .  . . . . . . . . . . . . . . . .  
As te r  luc iduous . . . . . . . . . . . . . . . . .  -- 
Eupatorium maculatum . . . . . . . . . . .  
Eupator ium perfol iatum . . . . . . . . .  

lows (Sal ix  spp. ) and red o s i e r  dogwood 
(Cornus s t o l o n i f e r a ) .  I n  extermely d i s -  
turbed shrub c a r r s ,  t h e  willows, red 

TRIBUTARY T O  OKAUCHEE LAKE 

Broadleaf ca t - ta i l  
Narrowleaf ca t - ta i l  

Bu r - reed  

Fowl manna grass 
Reed grass 
Canada b lue jo in t  grass 
Pra i r ie  c o r d  grass 
Reed cana ry  grass 

Softstem b u l r u s h  
Hardstem b u l r u s h  
Green b u l r u s h  
Tussock sedge 
Lake sedge 
Sedges 

B lue f l ag  

Black wi l low 
Sandbar wi l low 
Pussy wi l low 

American elm 

Water dock  
Smartweed 

Boxelder 

Common b u c k t h o r n  

Water wi l low 
Purp le  loosestr i fe 

Angel ica 
Cowbane 

S i l ky  dogwood 
Red os ier  dogwood 

Green ash 

Marsh mi lkweed 

B lue ve rva in  

Mountain-mint 
No r the rn  bug le  weed 
Common water  horehound 
W ~ l d  m in t  

E lde rbe r r y  

Wild cucumber 

B u r  mar igo ld  
Giant  ragweed 
Giant  go ldenrod 
New England as ter  
Redstem aster  
Swamp aster  
Joe-pye weed 
Boneset 

o s i e r  dogwoods, and sedges a r e  replaced 

Sedge meadows a r e  considered t o  be 
s t a b l e  wetland p lan t  communities t h a t  
tend t o  perpetuate  themselves i f  dredg- 
ing  a c t i v i t i e s  and water l e v e l  changes 
a r e  prevented from occurring.  Sedge 
meadows i n  southeas tern  Wisconsin a r e  
charac ter ized  by t h e  tussock sedge 
(Carex s t r i c t a )  and, t o  a l e s s e r  ex ten t ,  
by Canada b l u e j o i n t  grass  (Calamagrostis 
canadensis) .  Sedge meadows t h a t  a r e  
drained o r  d is turbed t o  some extent  
t y p i c a l l y  succeed t o  shrub c a r r s .  Shrub 
c a r r s ,  i n  add i t ion  t o  t h e  sedges and 
grasses  found i n  t h e  sedge meadows, con- 
t a i n  an abundance of shrubs such as w i l -  

by such exo t i c  p lan t s  as  honeysuckle 
(Lonicera s p . ) ,  buckthorn (Rhamnus s p . ) ,  
and t h e  very aggressive reed canary 
grass  (Phalar is  arundinacea). The high- 
e s t  q u a l i t y  sedge meadows i n  t h e  bas in  
a r e  located i n  t h e  wetland complex ad- 
j  acent t o  t h e  Oconornowoc River and along 
t h e  southwest lakeshore i n  Section 3 5 ,  
Township 8 North, Range 1 7  Eas t .  

Fresh (wet) meadows a r e  e s s e n t i a l l y  low- 
land grass  meadows which a r e  dominated 
by Canada b l u e j o i n t  grass  and forbes 
such as  marsh (Aster  s i m ~ l e x l .  red-stem 
(Aster puniceus),  and New England (Aster 
Novae-angliae) a s t e r s ;  and g i a n t  golden- 
rod (Solidago gigantea) .  Several  d i s -  
turbed f r e s h  (wet) meadows a r e  located 

NOTE: Th i s  tab le  i s  p resen ted  in taxonomic o rde r .  

 lien o r  nonnat ive  p lan t  species. 

Source: SEWRPC. 

throughout t h e  Okauchee Lake drainage 
bas in  and a r e  l a rge ly  as soc ia ted  with 
southern sedge meadows, shallow marshes, 
and shrub c a r r s .  Many of t h e  f r e s h  (wet) 
meadows have been sub jec t  t o  a l t e r a t i o n s  
such as  plowing, grazing,  and water- 
l eve l  changes and a r e  subsequently dom- 
ina ted  by t h e  European s t r a i n  of reed 
canary g rass ,  r a t h e r  than Canada blue-  
j o i n t  g rass .  



Map 18 

LOCATION OF LAKE ACCESS SITES ON OKAUCHEE LAKE: 1980 

Source: Wisconsin Department of Natural Resources. 

LEGEND 
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BREEZY POlNT RESORT 

SOLLIEN MAST INN 

Several small, shallow, and deep marshes 
are  scat tered throughout the  western por- 
t i on  of the  d i rec t  t r ibu ta ry  drainage 
area and along the Oconomowoc River. 
These areas are  dominated by broad leaf 
and narrow leaf c a t - t a i l  ( m a  spp.)  
and t h e i r  hybrids, bur-reed (Sparganium 
eurycarpum), lake sedge (Carex lacus- -- 
t r i s ) ,  bulrush (Scirpus s p . ) ,  common - 
reed (Phragmites cornmunis), and water 
willow (Decodon v e r t i c i l l a t u s ) .  

RECREATIONAL USE 

Okauchee Lake has a large surface area 
generally f r ee  of shallow areas ,  exces- 
s ive  algae growths, and underwater 
hazards and therefore provides oppor- 
t u n i t i e s  for  a var ie ty  of water-based 
outdoor recreation a c t i v i t i e s ,  including 
boating, f ishing, swimming, and nature 
study. Underwater hazards do ex i s t  i n  
t he  area known as "Stumpy ~ a ~ . "  Boating, 
f ishing,  and swimming are  popular summer 
outdoor recreation a c t i v i t i e s  on Okau- 

chee Lake. As already noted, Okauchee 
Lake provides a high qual i ty  habi ta t  for  
northern pike, largemouth bass, walleye, 
panfish,  and other f i s h  species.  An on- 
going f i s h  management program i s  being 
conducted by the Wisconsin Department of 
Natural Resources (DNR). An a e r i a l  sur-  
vey of boating ac t iv i ty  on Okauchee Lake 
on a weekend during August 1974, indi-  
cated tha t  s a i l i ng  was the most popular 
boating ac t iv i ty ,  followed by fishing, 
motorboating, and waterskiing. Lower 
Okauchee and Upper Oconomowoc Lakes, 
primarily because of t h e i r  r e l a t i ve ly  
smaller s i z e  and shallower water depths, 
provide less  opportunity for  recrea- 
t i ona l  use. 

Two publicly owned boat access s i t e s - -  
one owned and operated by the DNR and 
the  other by the Town of Oconomowoc--are 
depicted on Map 18 and described i n  
Table 21.  Eight addit ional pr ivately  
owned and operated boat access s i t e s  are 
s e t  fo r th  on Map 18 and in  Table 21, and 



Table 21 

BOAT ACCESS SITES ON OKAUCHEE, LOWER OKAUCHEE, 
AND UPPER OCONOMOWOC LAKES: 1980 

Source: Wisconsin Department of Natural Resources and Okauchee 
Lake Management District. 

Location 

Township 8 North, 
Range 17 East, 

Section : 

3 5 

2 6 

2 5 
3 6 

3 6 

3 6 

36 
3 6 

3 6 

36 

provide oppor tuni t ies  f o r  t h e  general  
pub l i c  t o  p a r t i c i p a t e  i n  water-based 
outdoor r ec rea t ion  a c t i v i t i e s  on Okau- 
chee Lake. These s i t e s  cons i s t  of a boat 
launch area  which permits t h e  launching 
and beaching of boats ,  and includes an 
a rea  f o r  t h e  parking of automobiles and 
t r a i l e r s .  The Wisconsin Department of 
Natural Resources, under guidel ines  
e s t ab l i shed  i n  t h e  Wisconsin Adminis - 
t r a t i v e  Code, Chapters NR 1 . 9 0  and 
NR 1 . 9 2 ,  and t h e  Regional Planning Com- 
mission, under t h e  adopted regional  park 
and open space p lan ,  recommend t h a t  a t  
l e a s t  one publ ic  access s i t e  open t o  t h e  
general  publ ic  be provided on a l l  major 
inland lakes .  On Okauchee, Lower Okau- 
chee, and Upper Oconomowoc Lakes t h i s  
recommendation i s  met by t h e  DNR owned 

and operated boat access s i t e ,  located 
between Lower Okauchee and Upper Ocono- 
mowoc Lakes, which provides 1 9  parking 
spaces f o r  cars  and/or c a r l t r a i l e r  com- 
b ina t ions .  With t h e  p r i v a t e  commercial 
access,  walk-in access,  rights-of-way 
and t h e  DNR access s i t e ,  Okauchee Lake 
has adequate publ ic  access a t  t h i s  time. 

Owner 

Wisconsin Department 
of  Natural Resources . . 

Town of Oconomowoc . . .  

Private . . . . . . . . . . . . . . . . . .  
Pr ivate . .  . . . . . . . . . . . . . . .  

Pr ivate . .  . . . . . . . . . . . . . . .  

Pr ivate . .  . . . . . . . . . . . . . . .  

Pr ivate.  . . . . . . . . . . . . . . . .  
Pr ivate.  . . . . . . . . . . . . . . . .  

Private . . . . . . . . . . . . . . . . .  

Pr ivate. .  . . . . . . . . . . . . . . .  

In  genera l ,  Okauchee Lake provides 
oppor tuni t ies  f o r  a v a r i e t y  of outdoor 
r ec rea t ion  a c t i v i t i e s  i n  a h igh-qual i ty  
s e t t i n g .  I n  t h e  study year ,  only a few 
problems, such as  excessive macrophyte 
growth, were considered t o  l i m i t  t h e  
resource value of t h e  lake f o r  water- 
based outdoor recrea t ion .  An outdoor 
r ec rea t iona l  r a t i n g  technique was devel- 

Name 

DN R Access 
Bauer Street Public 
Access 

Breeze Point Resort 
Lakeside Chalet 
Boat Launching 

Red Lion Boat 
Launching 

Ray Schroeder's 
Boat Launching 

Edgewater Marina 
Hideaway Tavern 

Boat Launching 
Jimmy's Green 

Gables 
Golden Mast Inn  

Site 
Number 

1 

2 
3 

4 

5 

6 
7 

8 

9 
10 



oped to summarize the outdoor recrea- 
tional value of inland lakes. As shown 
in Table 22, Okauchee Lake scored 5 3  out 
of a possible 72 rating points, placing 
it among those lakes in southeastern 
Wisconsin providing diverse, high quali- 
ty outdoor recreation opportunities. In 
order to assure that Okauchee Lake will 
continue to provide such recreation op- 

portunities, the resource values of the 
lake must be protected and preserved. 
Compared to Okauchee Lake, Lower Okau- 
chee and Upper Oconomowoc Lakes have 
more limitations for recreational use. 
As set forth in Tables 23 and 24, both 
lakes received a recreational rating of 
44 out of a possible 72 points, or some- 
what less than the Okauchee Lake rating. 



Table 22 

RECREATIONAL RATING O F  OKAUCHEE LAKE: 1980 

X 6 Adequa t e  depths - -- 4 Adequa t e depths - 
0 7 5 %  o f  bas in>5') (50-75% o f  bas in 

>5 ' deep) 

2 Adequa t e depths 
(<5 0% o f  bas i n )  

X 6 Adequate s i z e  f o r  4 Adequate s i z e  f o r  2 L i m i t  o f  boa t i -  - - - 
extended boa t i ng  sane boa t i ng  chal lenge and space 
(>1,000 acres)  (200-1.000 acres)  K200  acres) 

6 Good water  q u a l i t y  - X 4 Sane i n h i b i  t i q  fac- - 2 Ovemhelming i n h i b i t -  - 
t o r s  such as w e d y  irg fac tors  such as 
bays, a lgae bloans, weed beds throughout 
e t c .  

Subto ta l :  16 -- 

F i s h  i t-g : 

9 High product i o n  - X 6 Mediun p roduc t i on  - 3 Low product i on I - I 
X 9 No prob l  ems - - - 6 Modes t pr ob l  ems such 

as in f requent  wi n t e r -  
k i l l ,  small  rough 
f i s h  problems 

3 Frequent and over- 
b e a r i q  problems 
such as w i n t e r k i  l l , 
carp, excess i ve  
f e r t i  l i  ty 

Subto ta l :  15 

Swimni ng : 

6 Sand o r  g rave l  -- 4 Sand o r  g rave l  - X 2 Sand o r  g rave l  
(75% o r  m r e )  (25-75%) (<2 5%) 

6 Clean water  X 4 M o d e r a t e l y c l e a n  2 Tu rb id  o r  d a r k l y  - - 
s t a i n e d  

6 No algae o r  w e d  - X 4 Moderate algae o r  - 2 Frequent algae o r  I - 
weed problems weed problems 

Subto ta l :  10 

Aesthet ics :  

6 Existence o f  25% o r  X 4 Less than 25% w i l d  2 No wi I d  shore - - - 
m r e  wi I d  shore shore 

6 Var ied  landscape - X 4 Moderate ly  v a r i e d  - 2 Unvaried landscape 
landscape 

6 Few nuisances such X 4 Moderate nui  sance - -- 2 High nuisance 
as excessive algae, cond i t i ons condi t ions 
carp, dunps, e t c .  

Subto ta l :  12 

To ta l  Qua l i t y  Rat ing:  53 out  o f  a p o s s i b l e  72 

Source: Wisconsin Department of Natural Resources and SEWRPC . 
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Table 23 

RECREATIONAL RATING OF LOWER OKAUCHEE LAKE: 1980 

B o a t i m :  

X 6 Adequate depths - 
0 7 5 %  o f  basin>!il) 

- 6 Adequate s i z e  f o r  
extended boa t i ng  
(>I ,000 acres)  

- 6 Good water  qua1 i  t y  

Subto ta l :  12 

4 Adequa t e depths - 
(50-758 o f  bas in  

>5 deep) 

4 Adequate s i z e  fo r  - 
some boa t i ng 
(200-1,000 acres)  

X 4 Sane inhibi t i q  fac- - 
t o r s  such as w e d y  
bays, a lgae b l o a s ,  
e t c .  

- 2 Adequa t e depths 
(<50% o f  bas in)  

X 2 L i m i t  o f  boa t i ng  - 
cha I lenge and space 
(<200 acres) 

- 2 Overwhelming inhibit- 
i ng f a c t o r s  such as 
w e d  beds throughout 

- 9 High product  i o n  - X 6 Mediun p roduc t i on  - 3 Low product i on .  

- 9 No problems X 6 Modest w o b  l  m such 3 Freuuent and over- - - 
as in f requent  w i n t e r -  bea'r i tg problems 
k i l  I ,  srnal l  rouqh such as wi n t e r k i  l  l  , - 
f i s h  problems carp, excess ive  

f e r t  i l  i ty 

Subto ta l :  12 

Swimni tq : 

6 Sand o r  g rave l  I - 
- 

(75% o r  m r e )  
4 Sand o r  g rave l  X 2 Sand o r  g rave l  - 

(25-75%) (<25%) 

- 6 Clean water  - X 4 Moderate ly  c lean  - 2 Turb id  o r  d a r k l y  
s t a i n e d  

6 No algae o r  wed X 4 Moderate algae o r  - - 2 Frequent algae o r  
w e d  problems weed problems 

I Subto ta l :  10 

Aesthet ics :  

- 6 Existence o f  25% o r  4 Less than 25% w i l d  X 2 No wi  Id shore - - 
rmre wi I d  shore shore 

6 Var ied  landscape - X 4 Moderate ly  v a r i e d  2 Unva r i ed I andscape - 
landscape 

6 Few nuisances such X 4 Moderate nuisance - - - 2 High nuisance 
as excessive algae, condi t ions condi t i ons 
carp, dunps, e t c  . 

Subto ta l :  70 

To ta l  Qua l i ty  Rat ing:  44 ou t  o f  a poss ib le  72 

Source: Wisconsin Department of Natural Resources and SEWRPC. 
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Table 24 

RECREA'TIONAL RATING OF UPPER OCONOMOWOC LAKE: 1980 

Boat ing : 

X 6 Adequa t e depths - - 4 Adequa t e  depths - 2 Adequa t e depths 
0 7 5 %  o f  bas in  >5 ) (50-758 o f  bas in (<5 0% o f  bas i n )  

>5' deep) 

6 Adequate s i z e  f o r  4 Adequate s i z e  f o r  X 2 L i m i t  o f  boa t i ng  - - - 
extended boat  ing some boat  ing chal lenge and space 
[>I ,000 acres)  (200-1.000 acres)  f(200 acres)  

6 Good water  q u a l i t y  - X 4 Sane i h i b i t i q  fac- - 2 Overuhelming inhibit- - 
t o r s  such as w e d y  ing  fac to rs  such as 
bays, a lgae bloans, wed beds throughout 
e t c .  

Subto ta l :  12 

F i sh ing :  

9 High product  i o n  X 6 Mediun p roduc t i on  - - 3 Low product  i on 
- 

9 No problems X 6 Modes t prob l ems such 3 Frequent and over- - - - 
as in f requent  w i n t e r -  bear ing  problems 
k i l  I ,  smal l rough such as w i n t e r k i  l l  , 
f i s h  problems carp , excess ive  

f e r t  i l i ty 

Sub to ta l :  12 

Swimni r g  : 

6 Sand o r  g rave l  4 Sand o r  g rave l  X 2 Sand o r  g rave l  - - 
(75% o r  m r e )  

- 
(25-75%) (<25%) 

6 Clean water  X 4 Moderate ly  c l e a n  2 Tu rb id  o r  d a r k l y  - - 
s t a i n e d  

6 No algae o r  w e d  X 4 Moderate algae o r  - - .- 2 Frequent algae o r  
weed problems w e d  problems 

Subto ta l :  10 

Aesthet ics :  

6 Ex is tence o f  25% o r  4 Less than 25% wi I d  X 2 No wi I d  shore - - 
m r e  wi I d  shore 

- 
shore 

6 Va r i ed l andscape X 4 Moderate ly  v a r i e d  2 Unvar i ed landscape - - - 
landscape 

6 Few nuisances such X 4 Moderate nuisance 2 High nui sance - 
as excessive algae, 

- 
cond i t i ons 

- 
cond i t i ons 

ca r p  , d m p s  , e t c  . 
Subto ta l :  10 

To ta l  Q u a l i t y  R a t i q :  44 ou t  o f  a poss ib le  72 

Source: Wisconsin Department of Natural Resources and SEWRPC . 
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Chapter  VI 

EXISTING WATER QUALITY MANAGEMENT ACTIONS AND 
INSTITUTIONAL STRUCTURES AFFECTING WATER QUALITY 

WATER QUALITY 
MANAGEMENT ACTIONS 

Sewage Disposal 
The s a n i t a r y  and household waste- 

waters from a ~ l l  4,160 persons estimated 
t o  r e s ide  i n  t h e  drainage a rea  d i r e c t l y  
t r i b u t a r y  t o  Okauchee, Lower Okauchee, 
and Upper Oconomowoc Lakes as  of 1975, 
were t r e a t e d  and disposed of through t h e  
use of o n s i t e  systems. An o n s i t e  sewage 
treatment and d isposal  system may be a 
conventional s e p t i c  tank system, a mound 
system, o r  a holding tank.  As of 1975, 
1,335 s e p t i c  tank systems were e s t i -  
mated t o  be i n  operat ion i n  t h e  t r i b u -  
t a r y  drainage area  t o  t h e  lakes.  No 
holding tanks o r  mound systems were 
reported as  of t h a t  year .  

A s e p t i c  tank system cons i s t s  of two 
components: a s e p t i c  tank proper used t o  
provide p a r t i a l  treatment of t h e  raw 
sewage--by skimming, s e t t l i n g  and an- 
aerobic  decomposition--and t h e  s o i l  ab- 
so rp t ion  f i e l d  f o r  f i n a l  t reatment and 
d isposal  of l i q u i d  discharged from t h e  
s e p t i c  tank.  Both components a r e  in -  
s t a l l e d  below t h e  ground surface .  The 
s e p t i c  tank i s  a water - t ight  tank in -  
tended t o  separa te  f l o a t i n g  and s e t t l e -  
able  s o l i d s  from t h e  l i q u i d  f r a c t i o n  of 
domestic sewage and t o  discharge t h e  
l i q u i d ,  together  with i t s  burden of d i s -  
solved substances,  i n t o  t h e  b io log ica l ly  
a c t i v e  zone of t h e  s o i l  mantle through a 
subsurface percola t ion  system. The d i s -  
charge system may be a t i l e  f i e l d ,  a 
seepage bed o r  an earth-covered sand 
f i l t e r .  Liquid passing through t h e  ac- 
t i v e  s o i l  zone percola tes  downward u n t i l  
it s t r i k e s  an impervious layer  of s o i l  
o r  t h e  groundwater. Thus, t h e  purpose of 
t h e  percola t ion  system i s  t o  dispose of 
sewage e f f l u e n t s  by u t i l i z i n g  t h e  same 
n a t u r a l  processes which lead t o  t h e  ac- 
cumulation of groundwater. 

Providing t h a t  a s e p t i c  tank system i s  
located,  i n s t a l l e d ,  used, and maintained 
properly,  and t h a t  t h e r e  is  an adequate 
depth--four t o  f i v e  fee t - -of  moderately 
permeable, unsaturated s o i l  below the  
drainage f i e l d ,  t h e  system should oper- 
a t e  with few problems f o r  periods of up 
t o  20 years .  However, as previously 
noted, not  a l l  r e s i d e n t i a l  development 
wi th in  t h e  drainage a rea  d i r e c t l y  t r i b u -  
t a r y  t o  Okauchee, Lower Okauchee, and 
Upper Oconomowoc Lakes i s  located i n  
areas  covered by s o i l s  s u i t a b l e  f o r  
s e p t i c  tank use.  

F a i l u r e  of a s e p t i c  tank system occurs 
when t h e  s o i l  surrounding t h e  seepage 
a rea  w i l l  no longer accept o r  properly 
s t a b i l i z e  t h e  s e p t i c  tank e f f l u e n t ,  when 
t h e  groundwater r i s e s  t o  l eve l s  which 
w i l l  no longer allow f o r  uptake of 
l i q u i d  e f f l u e n t  by t h e  s o i l s ,  o r  when 
age o r  lack of proper maintenance cause 
t h e  system t o  malfunction. Hence, s e p t i c  
system f a i l u r e  may r e s u l t  from improper 
loca t ion ,  poor i n s t a l l a t i o n  i n  s o i l s  
with severe l imi ta t ions  f o r  system use, 
improper design o r  i n s t a l l a t i o n  of t h e  
system, o r  inadequate maintenance. In  
many o l d e r ,  improper i n s t a l l a t i o n s ,  t h e  
s e p t i c  tank e f f l u e n t  may not  rece ive  t h e  
b e n e f i t  of s o i l  f i l t ' r a t i o n ,  but r a t h e r  
i s  discharged d i r e c t l y  from t h e  s e p t i c  
tank through a d r a i n  t i l e  t o  surface  
waters .  

A p rec i se  i d e n t i f i c a t i o n  of s e p t i c  tank 
problems requi res  a complete s a n i t a r y  
survey. A s a n i t a r y  survey was conducted 
i n  t h e  lake watershed by t h e  Waukesha 
County Board of Health i n  1977 and 1978. 
I n  t h e  survey, 826 s e p t i c  tank systems 
were inspected.  Of these ,  22 systems, o r  
3 percent ,  were i d e n t i f i e d  as having an 
obvious discharge of sewage t o  e i t h e r  
t h e  su r face  o r  t o  t h e  groundwater. In  
addi t ion ,  40 systems, o r  5 percent ,  were 



i d e n t i f i e d  as  discharging improperly 
t r e a t e d  sewage t o  e i t h e r  t h e  lake su r -  
f ace  o r  t h e  groundwater and as not being 
i n  compliance with provisions of t h e  
then e x i s t i n g  s t a t e  plumbing codes. The 
survey could not  assure  i d e n t i f i c a t i o n  
of wet weather e f f l u e n t  ponding prob- 
lems. Because of t h e  d i f f i c u l t y  i n  iden- 
t i f y i n g  malfunctioning s e p t i c  tank 
systems by sewage discharges,  which a r e  
not  e a s i l y  observed, and because of t h e  
i n t e r m i t t e n t  use of systems by seasonal  
r e s i d e n t s ,  surveys of t h i s  type may un- 
deres t imate  t h e  t o t a l  extent  of f a i l i n g  
s e p t i c  tank systems. 

A s  of 1980, no por t ions  of t h e  drainage 
a rea  d i r e c t l y  t r i b u t a r y  t o  Okauchee, 
Lower Okauchee, and Upper Oconomowoc 
Lakes were served by s a n i t a r y  sewers. 

Existing Zoning Regulations 
A comprehensive zoning ordinance rep- 
r e sen t s  one of t h e  most important and 
s i g n i f i c a n t  t o o l s  ava i l ab le  t o  loca l  
u n i t s  of government i n  d i r e c t i n g  t h e  
proper use  of lands wi th in  t h e i r  a rea  of 
j u r i s d i c t i o n .  The drainage area  d i r e c t l y  
t r i b u t a r y  t o  Okauchee Lake includes por- 
t i o n s  of s i x  c i v i l  d i v i s i o n s ,  including 
t h e  Ci ty  of Delaf ie ld ,  t h e  Vi l lages  of 
Chenequa and Oconomowoc Lake, and t h e  
Towns of Merton, Oconomowoc, and Summit, 
a l l  i n  Waukesha County. Consequently, 
s i x  zoning ordinances a r e  administered 
wi th in  t h e  Okauchee Lake d i r e c t  drainage 
a rea .  The zoning ordinance cur ren t ly  i n  
e f f e c t  wi th in  t h e  Ci ty  of Delaf i e l d  was 
i n i t i a l l y  approved and adopted by t h e  
Ci ty  i n  Apr i l  1964 and was most r ecen t ly  
amended i n  September 1978. The zoning 
ordinances f o r  t h e  Vil lages of Chenequa 
and Oconomowoc Lake were i n i t i a l l y  
approved and adopted i n  June 1929 and 
March 1960, r e spec t ive ly ;  and were most 
r ecen t ly  amended i n  August 1971 and 
Apr i l  1962, r e spec t ive ly .  The zoning 
ordinance f o r  t h e  Town of Merton was 
i n i t i a l l y  approved and adopted i n  Novem- 
b e r ,  1949 and was most r ecen t ly  amended 
i n  May of 1974. The zoning ordinance f o r  
t h e  Town of Summit was i n i t i a l l y  approved 
and adopted i n  November 1952 and was 
most r ecen t ly  amended i n  August 19 77. 
The zoning ordinance cur ren t ly  i n  e f f e c t  
wi th in  t h e  Town of Oconomowoc i s  admini- 

s t e r e d  j o i n t l y  by t h e  Town and Waukesha 
County. The ordinance was i n i t i a l l y  ap- 
proved i n  February 1959, was r a t i f i e d  by 
t h e  Town i n  Apri l  1959, and was most r e -  
cen t ly  amended i n  September 1979. 

A summary of t h e  zoning d i s t r i c t s  cur-  
r e n t l y  ava i l ab le  f o r  use i n  t h e  s i x  
c i v i l  d iv i s ions  is  presented i n  Table 
25. The areas  of land placed i n  each of 
t h e  d i s t r i c t s  a r e  shown on Map 19 and 
a r e  quan t i f i ed  i n  Table 25. 

I n  addi t ion  t o  t h e  s i x  comprehensive 
zoning ordinances administered wi th in  
t h e  Okauchee Lake d i r e c t  drainage a rea ,  
t h e  Waukesha County Board of Supervisors 
adopted a Shoreland and Floodland Pro- 
t e c t i o n  Zoning Ordinance i n  1970. This 
ordinance, prepared pursuant t o  t h e  
requirements of t h e  Wisconsin Water 
Resources Act of 1965, imposes s p e c i a l  
land use  regula t ions  on a l l  lands 
located wi th in  1,000 f e e t  of t h e  shore-  
l i n e  of any navigable lake,  pond, o r  
flowage, and within 300 f e e t  of t h e  
shore l ine  of any navigable r i v e r  o r  
stream o r  t o  t h e  landward s i d e  of t h e  
f loodpla in ,  whichever is  g r e a t e r .  The 
a r e a  zoned f o r  shoreland and floodland 
p ro tec t ion  wi th in  t h e  Okauchee Lake 
d i r e c t  drainage area  was i d e n t i f i e d  and 
t h e  zoning ordinance adopted i n  1970. 
The area  is  shown on Map 20. 

The a v a i l a b i l i t y  of 95 percent of t h e  
t o t a l  a r e a  of t h e  watershed f o r  essen- 
t i a l l y  urban and suburban land use 
development under t h e  e x i s t i n g  zoning 
ordinances enourages t h e  d i f f u s i o n  of 
urban-type development throughout t h e  
watershed i n  a manner t h a t  c o n f l i c t s  
wi th  t h e  recommendations contained i n  
t h e  adopted regional  land use and water 
q u a l i t y  management p lans .  In  order  t o  
prevent undesirable urban development i n  
t h e  Okauchee Lake d i r e c t  drainage a rea ,  
it w i l l  be necessary f o r  t h e  zoning 
adminis t ra tors  wi th in  t h e  s i x  c i v i l  
d iv i s ions  concerned t o  c r i t i c a l l y  review 
t h e  individual  zoning ordinances and 
accompanying zoning d i s t r i c t  maps f o r  
t h e  Okauchee Lake d i r e c t  drainage a rea  
and amend t h e  ordinances and d i s t r i c t  
maps s o  as t o  preserve and enhance t h e  
e x i s t i n g  na tu ra l  resource base of t h e  
Okauchee Lake d i r e c t  drainage a rea .  



Table 25 

SUMMARY OF EXISTING COMPREHENSIVE ZONING DISTRICTS 
IN THE DRAINAGE AREA DIRECTLY TRIBUTARY T O  OKAUCHEE, 

LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES 

C-1 Conservmy 
D i s t r i c t  

A-E Exclusive 
Pgr icul  tu ra l  
D i s t r i c t  

A-1 Agr i cu l tu ra l  
D i s t r i c t  

C i v i l  D iv i s ion  
Area Zoned 

With in D i rec t  
Drainage Area 

[acres) Zonirg D i s t r i c t  

A-la Pgr icul  tu ra l  
D i s t r i c t  

Percent o f  
Direct  h a i n a g e  

Area 

Area Regu l  a t  ions 

Lot Size 

A-2 h r a l  Harr 
D i s t r i c t  

M i n i m  Area 

A-3 Suburban 
Estate 
D i s t r i c t  

Condit ional I S p c i a l  Uses M i n i m  Width 

Permitted Uses 

R-1 Resident ia l  
D i s t r i c t  

F r inc ipa l  

R-la Resident ia l  
D i s t r i c t  

Accessory 

R-2 Residential 
D i s t r i c t  

R-3 Resident i a l  
D i s t r i c t  

P-1 Fubl i c  
D i s t r i c t  

5-1 Res t r i c ted  
D i s t r i c t  

Open space uses -- 

D p n  s p c e  -- 
uses, agr i cu l -  
tu ra l  uses 

S i r g l e - f m i  l y  
res iderre,  
ag r i cu l tu ra l  
uses 

S i r g l e - f m i  l y  
residence, 
g r  icu l  tu ra l  
uses 

S i rg le - fan i  l y  
residence, 
agr i cu l tu ra l  
uses 

Garages, barns, 
hane occup-  
t  ions 

Carages. barns, 
hare occupa- 
t  ions 

Carqes,  barns. 
hone occup-  
t  ions 

a t d o o r  rec rea t ion  f a c i l i t i e s ,  
w a r r y i r g ,  refuse d i s p s a l  
s i tes ,  f i  h hatcher ies 

Qtdoor rec rea t ion  faci l i t  ies, 
quar ry i rg ,  refuse d i s p s a l  
s i tes ,  f i s h  hatcher ies 

A i r p r t s ,  g i f t  shops, kennels, 
churches, cemter ies ,  f i s h  
hatcher ies,  s p c i a l  ag r i cu l -  
tura l  uses, I h o r a t o r i e s ,  
nobi l e  hare parks, r m t e l s  and 
hotels,  outdoor theater, 
planned u n i t  d e v e l o p n t ,  out- 
door recreat ion f a c i l i t i e s ,  
p h I  ic bu i ld ings ,  q u a r r y i y ,  
refuse d i s p s a l  s i tes ,  res ta r -  
ran ts  and taverns 

A i r p r t s ,  cturches, c m t e r i e s ,  
f i sh  hatcher ies,  s p c i a l  ag r i -  
c u l t u r a l  uses, I h o r a t o r i e s ,  
n o b i l e  hare parks, m t e l s  and 
hotels,  outdoor theaters, 
planned u n i t  developnent, out-  
door rec rea t ion  f a c i l i t i e s ,  
p b I  ic  bu i ld ings ,  quar ry i rg ,  
refuse d i  s p s a l  s i t e s  

Ci f t  shops, cturches. c e m t e r i e s ,  
f i s h  hatcheries, I *orator ies,  
planned u n i t  developrent, out-  
door recreat ion faci l i t i es ,  plb- 
l ic  bu i ld ings ,  refuse d i s p s a l  
s i tes ,  res ta r ran ts  and taverns 

Sirg le- fani  l y  Carages. barns, Ci f t  shops, cturches, cemter ies ,  
residence, hone occupa- f i sh  hatcheries, planned u n i t  
ag r i cu l tu ra l  t  ions developrent, outdoor rec rea t ion  
uses f a c i l i t i e s ,  p l b l  ic  b u i l d i r g s ,  

refuse d i s p s a l  s i tes ,  res ta r -  
ran ts  and taverns 

S i r g l e - f m i  l y  
residence 1 -- 

use 

S i r g l e - f m i  l y 
residence 
use 

S i r g l e - f a n i l y  
residence 
use 

S i r q l e - f a n i l y  
residence 
use 

Recreational, 
g o v e r m n t a l  , 
i m t i  tu t iona l  
uses 

Ci f t  shops, ch rches ,  c m t e r i e s ,  
f i s h  hatcher ies,  r m t e l s  and 
hotels,  planned u n i t  develop- 
m n t  . outdoor recreat ional  
f a c i l i t i e s ,  publ ic  b u i l d i r g s ,  
res ta r ran ts  and taverns 

-- Ci f t  shops, cturches, ce re te r ies ,  
f i h  hatcheries, r m t e l s  and 
hotels,  planned u n i t  d e v e l o p  
m n t ,  outdoor recreat ional  
f a c i l i t i e s ,  p l b l i c  b u i l d i r g s ,  
r e s t w r a n t s  and taverns 

Ci f t  shops, churches, ceneteries. 
f i s h  hatcher ies,  rmte ls  and 
hotels,  planned u n i t  d e v e l o p  
m n t ,  outdoor recreat ional  
f a c i l i t i e s ,  p l b l i c  bu i ld ings ,  
res ta r ran ts  and taverns 

G i f t  shops, cturches, cene- 
te r ies ,  f i s h  hatcheries, 
motels and hotels,  r m l t i p l e -  
f m i l y  dwel l ings,  planned u n i t  
developnent , outdoor recrea- 
t i ona l  f a c i l i t i e s ,  p h l i c  
b u i  l d i rgs ,  res ta r ran ts  and 
taverns 

Cturches, cemeteries, f i s h  
hatcher ies,  laborator ies,  
m t e l s  and hotels,  planned 
un i  t  developnent, outdoor re- 
creat ional  f a c i l i t i e s ,  p l b l i c  
h i  ld i rgs ,  quar ry i rg ,  refuse 
disposal s i t e s  

S i r q l e - f m i  l y ,  h r & e s ,  cemter ies ,  f i s h  
n u l t  ip le-  h a t h e r i e s ,  m b i  le  h c m  parks, 
fan i i y ,  planned u n i t  d e v e l o p n t ,  out- 
1 irni ted r e t a i  l door recreat ional  f a c i l i t i e s ,  
and serv ice p l b i i c  bu i ld i rgs ,  refuse d is -  

p s a l  s i t e s ,  restaurants,  and 

No m i n i m  

No mininurn 

3 acres 

1 acre 

3 acres 

2 acres 

1 acre 

1 acre 

30,000 
T a r e  
feet 

20,000 
square 
feet 

No m i n i m  

20,000 
square 
feet  

No m i n i m  

No rninirmrn 

I 200 feet 

150 feet 

200 feet 

175 feet 

150 feet 

150 feet 

120 feet 

120 feet 

No m i n i m  

120 feet 



Table 25 (continued) 

5 2  Local 
Business 
D i s t r i c t  

Zoning D i s t r i c t  

8-3 General 
Bus i ness 
D i s t r i c t  

Q-1 Q a r r y i q  
D i s t r i c t  

Pelmi t ted Uses 

p r inc ipa l  I Accessory 

M-1 Limi ted 
I n d s t r i a l  
D i s t r i c t  

M-2 General 
I d s t r i a l  
D i s t r i c t  

Condi t i o n a l I S p c i a l  Uses 

Reta i l  and ser- 
v ice,  s i r g l e -  
fani l y ,  
m l t i p l e -  
fani l y  
uses 

Camercia l  uses 

Area R e g ~ l a t i o n s  

Lot Size 

Mininum Area I M i n i m  Width 

Q a r r y i w .  
open s p c e ,  
q r i c u l  tu ra l ,  
s i rg le - fan i  l y  
residence 
uses 

Cormrc ia l ,  
l i m i t e d  in- 
d u s t r i a l  
( I w  impact 
on slrround- 
i r g  residen- 
t i a l  uses1 

C i v i l  D iv i s ion  
Area Zoned 

Wi th in  D i rec t  
Ikainage Area 

(acres) 

O la r ry i rg ,  
i n d r s t r i a l  
c rmmrc ia l  
uses 

Percent o f  
D i rec t  Drainage 

Area 

Subtotal I -- 

TCW OF 033- ZONIN; CR3IN4NCE (continued) 

S i rg le - fan i  l y  
residence 

S i q l e - f a n i  l y 
residence 

S i q l e - f a n i  l y 
residence 

Service stat ions,  kennels, 
cturches, ce re te r ies ,  f i s h  
hatcher ies.  d r i v e - i n  foods, 
mobi le  h a m  parks, rmte ls  and 
hotels,  m l t i p l e - f a n i l y  dwel I- 
i q s ,  outdoor theater ,  planned 
u n i t  developnent, r e c r e a t i o ~ l  
f a c i l i t i e s ,  p l b l i c  h i l d i r g s ,  
w a r r y i r g ,  refuse disposal 
s i t e s  

Service s ta t ions ,  kennels, 
cturches, cemter ies ,  f i s h  
hatcheries, d r i v e - i n  foods, 
m b i  le hare parks, m t e l s  and 
hotels,  ml t ip le - fan i  l y  dw l  I -  
i rgs ,  outdoor theater ,  planned 
u n i t  developnent, outdoor rec- 
reat ional  f a c i l i t i e s ,  p l b l i c  
h i  Id i rgs ,  q u a r r y i q ,  refuse 
disposal s i t e s  

aurches ,  c m t e r i e s ,  f i s h  
hatcheries, mobi l e  hone parks, 
m t e l s  and hotels,  p lannel  u n i t  
developnent, outdoor recrea- 
t i ona l  f a c i l i t i e s ,  p b l i c  build- 
i q s ,  w a r r y i r g ,  refuse d i  s p s a l  
s i t e s  

Service stat ions,  kennels, c m -  
te r ies ,  f i s h  hatcher ies,  d r i ve -  
i n  foods, s ~ e c i a l  q r i c u l  tu ra l  
uses, laborator ies,  mobi l e  h c m  
parks, rmtel  s and hotels,  w t -  
door theaters, p lamed u n i t  
developnent, outdoor recrea- 
t i ona l  f a c i l i t i e s ,  p b l i c  b u i l d -  
i q s ,  w a r r y i n g ,  refuse d i s p s a l  
s i t e s  

Service s t a t  ions, kennels, c m -  
te r ies ,  f i s h  hatcher ies,  d r i ve -  
i n  foods, s p c i a l  q r i c u l t u r a l  
uses, laborator ies.  mobile h m  
parks, r m t e l s  and hotels,  a ~ t -  
door theaters, planned u n i t  
developrent, outdoor recrea- 
t i ona l  f a c i l i t i e s ,  p b l i c  b u i l d -  
i q s ,  q a r r y i r g ,  refuse d i s p s a l  
s i t e s  

20,000 
square 
feet  

20,000 
square 
feet 

3 acres 

1 acre 

1 acre 

-- 

120 feet  

120 feet  

200 feet 

150 feet 

150 feet 

-- 

C-1 Conservavy 
D i s t r i c t  

A-1 Pgr icul  t u r a l  
D i s t r i c t  

Crazing, har-  
v e s t i r g  o f  
wi I d  crops, 
h i n t  irg and 
f i sh i rg .  sus- 
tained y i e l d  
forestry,  dans 
and hydroel ec- 
t r i c  pJwer sta- 
t ions,  te le-  
h n e  ad te le -  
g r a m  and pwer 
transmission 
I ine uses 

Any use pr-  
mi t ted  in 
the C-1 Con- 
servancy Di s- 
t r i c t ,  one- 
fani l y  
cEnei I i rgs,  
pbl i c  parks 
and recrea- 
t i o n  areas, 
fami-, 
roadside 
stands, hor-  
t i c u l t u r e ,  
hcme occupa- 
t ions,  p a -  
fessional 
o f f i c e  uses 

R i v a t e  gar-  
ages, p i v a t e  
boathouses, 
cpesthwses, 
kennels, oc- 
cupat ions, 
a m  p o f e s -  
sional 
o f f i c e s  

None 

Airports,  l and i rg  f i e lds ,  
a n t i w e  shops, studios, w t o -  
n r b i l e  serv ice stat ions,  ani -  
mal hospi ta ls ,  cemeteries, 
ch rches ,  cmmercia l  f i sh  and 
b a i t  p n d s ,  d r i ve - in  e s t h l i s h -  
m n t s ,  l?boratories for tes t -  
i r g  and e x p r i m n t a l  p r p s e s  

3 Acres 200 feet 



Table 25 (continued) 

Fural t h  
D i s t r i c t  I 

Zoning D i s t r i c t  

R-2 Res~den t  i a l  Any use p r m i  t -  1 -- 1 Saw as A-2 Fural  Hane D i s t r i c t  30.000 
D i s t r i c t  1 ted i n  the R-1 1 m a r e  

R-3 Resident ia l  
D i s t r i c t  

P-1 R ~ b l  ic 
D i s t r i c t  

B-1 Res t r i c ted  
EUsiness 
D i s t r i c t  

5-2 Local 
b s i n e s s  
D i s t r i c t  

Area R q u l a t  ions 

Lot  Size 

Condi t ionaI lSpecia l  Uses 

Permi t ted Uses 

T M  CF MRTON ZONlNC CSDINANCE (cont inuedl 

B-3 General 
Business 
D i s t r i c t  

P r inc ipa l  

Ck1 CUarry i rg 
D i s t r i c t  

Accessory 

A-2 Fural Home 
D i s t r i c t  

A-3 Zubuhan 
Estate 
D i s t r i c t  

R-1 Resident ia l  
D i s t r i c t  

M-l L imi ted 
&n iness 
D i s t r i c t  

3 Acres 

2 Acres 

1 Acre 

M-2 General 
I n d u s t r i a l  

200 feet  

175 feet 

150 feet  

AI l uses pr-  
mi t t e d  in  the 
A-1 4 r  icu l -  
t u ra l  D i s t r i c t ,  
one-fani l y  
ciwel I i r gs ,  
keeping o f  
pxll t r y  

Any use ~ e r m i t -  
ted i n  the A-2 
b r a 1  H a w  
D i s t r i c t  

Any use p r m i  t -  
ted i n  the A-2 

Resident i a l  
D i s t r i c t  I 
Any use p r m i  t- 
ted i n  the R-2 
Resident ia l  
D i s t r i c t ,  t w -  
fani l y  &el l ig? 

-- 

-- 

-- 

None 

Animal twspi  t a l  s, kennels, 
c e m t e r i e s ,  cturches, c a r -  
c ia1 f i s h  a n d b a i t  pnds ,  
res iden t ia l  p lanning u n i t  d w e l -  
opnent, p b l  i c  and semi-p lb l ic  
uses, p - i va te  c l b s  

Ssre as A-2 Fural Hcrrr D i s t r i c t  

Sane as A-2 FUral Hane D i s t r i c t  

4 M l  1 r e t a i l  
shops, boarding 
houses, o f f i c e s  

Mholesalers, 
d i s t r i b u t o r s ,  
theaters, dance 
ha1 i s ,  d r y  
c l e a n i ~ ,  auto 
sales, e t c .  

Any use permit- 
ted i n  the B-1 
Res t r i c ted  h s i -  
ness D i s t r i c t  

-. 

Any use per- 
m i t t e d  i n  6-3 
General Busi- 
ness o r  A-1 
Pgr i cu l  t u r a l  
D i s t r i c t ,  
I  i gh t  
i r d u s t r y  

Any use per- 
m i t t e d  i n  A-1 
Agr i cu l tu ra l  
D i s t r ~ c t a n d  
res iden t ia l  
uses acces- 
sory t o  pr-  
m i t t e d  uses, 
quar ry i rg  

Any use per- 
m i t t e d  i n  M-1 I -- 

Manufacture of 
concrete, 
b u i l d i r g  
b l o c k s , p r o -  
duct  i o n  o f  
rea jymixed  
concrete 

Saw as A-2 b r a 1  H m  D i s t r i c t  ~' 

D i s t r i c t  

R i v a t e  c l t b s ,  p l b l i c  and s m i -  

I mi ic uses 

L imi ted Indff i- 
t r i a l  D i s t r i c t ,  
q u a r r y i w  

1 Sam as A-2 FUral Heme D i s t r i c t  

Sam as A-2 Fural  Haw D i s t r i c t  

Antique shops, s tudios,  auto 
se rv i ce  s ta t i ons ,  animal hos- 
p i  t a l s ,  ce re te r ies ,  cturches, 
c a m r c i a l  f i s h  o r  b a i t  ponds, 
d r i v e - i n  establ  i s h n t s ,  feed 
lo ts ,  laborator ies,  p r i v a t e  
c l b s ,  p u b l i c  and semi-p lb l ic  
uses, d i s p s a l  s i t e s  

A n i m l  h o s p ~ t a l s ,  c a m t e r i e s ,  
c m r c i a l  f i s h  o r  b a i t  shops, 
p l b l i c  and semi-p lb l ic  uses, 
d i s p s a l  s i t e s  

Saw as 8-3 General Business 

S m  as 6-3 Ceneral Business 
D i s t r i c t  

feet 

20,000 
square 
feet 

No minirmm 

20,000 
y a r e  
feet 

20,000 
square 
feet 

20,000 
square 
feet  

1 Acre 

1 Acre 

1 Acre 

120 feet  

No minirmm 

120 feet 

120 feet 

120 feet  

150 feet  

150 fee t  

150 f e e t  

C i v i l  D i v i s i o n  
Area Zoned 

Wi th in  D i rec t  
Wainage Area Percent o f  

D i r e c t  Wainagc 
(acres) Area 

Subtotal 1 -- I -- 1 -- I -- I -- I 1,602 I 47.6 1 

C-1 Conservancy 
D i s t r i c t  

Harvestin3 o f  
wi I d  crops, 
sustained 
y i e l d  fores- 
t r y ,  hydro- 
e l e c t r i c  p w e r  
s ta t i ons ,  u t i  l -  
i t y  c o x h i t s  
and I ines, non- 
r e s i d e n t i a l  
b u i l d i f y s  i n  
c o n j u w t  ion 
w i t h  r a i s i q  
o f  animals, 
p rb l  i c  parks 
and b u i l d i r g s  
L19C9 

Developrents r h i c h  are c c m  
p a t i b l e  and h a m n i w s  w i t h  
the natura l  features o f  the 
conservancy d i s t r i c t  area 



Table 25 (continued) 

A-1 Pgr i cu l  t u r a l  
D i s t r i c t  

Cne-fani l y 
dwell i rgs  i n  
conjunct ion  
w i t h  farm 
operat ion, 
accessory 
uses and 
b u i  Id i rgs ,  
nurser ies,  
greenhouses, 
hatcher ies,  
roadside 
stands uses 

Zoning D i s t r i c t  

P r i va te  gar- 
ages, car- 
p r t s ,  u t i l i t y  
b u i  Id i rgs,  
m d e l  hones, 
t e n p r a r y  
r o d s  ide 
stands, h m  
occupations, 
p o  fessional 
o f f i c e s  

C i v i l  D iv i s ion  
Area Zoned 

Wi th in  D i rec t  
Drainage Area 

(acres1 

k g a l  nonconformirg uses, can- 
m r c i a l  kennel s, ceneteries, 
n o n c m r c i a l  c lubs  and out- 
door recreat ion areas, r i d i r g  
academies, p l b l  i c  and ml-pb- 
l ic  g o v e r m n t a l  b u i l d i r g s ,  
so la r  energy c o l l e c t  ion de- 
v ices,  quar ry i rg  and mineral 
extract  ion 

Percent o f  1 
Di rec t  Drainage 

Area 

3 Acres 

3 acres 

3 Acres 

2 Acres 

1 Acre 

40,000 
square 
feet 

20,000 
square 
feet 

30,000 
square 
feet 

30,000 
square 
feet 

20,000 
w a r e  
feet 

7,900 
w a r e  
feet 

No mininum 

Permitted Uses 

Pr inc ipal  I k c e s s o r y  

200 feet 

200 feet 

200 feet 

200 feet 

140 feet 

100 feet 

80 feet 

120 feet 

120 feet 

100 feet 

66 feet 

No mininum 

Condi t ional lSpecia l  Uses 

Area Regulations 

Lot Size 

A-1E Exclusive 
Pgr icul  tu ra l  
D i s t r i c t  

M i n i m  Area 

Cne-fani l y  
duel l i r g s  i n  
conjunct ion 
w i t h  farm 
o p r a t  ion, 
ord inary 
farm uses, 
accessory 
uses and 
b u i l d i r g s ,  
m r s e r i e s ,  
g reehmses ,  
h o r t i c u l t u r e ,  
roads ide 
stands 

M i n i m  Width 

Sam uses as 
permitted i n  
A-1 Pgr i cu l -  
tu ra l  
D i s t r i c t  

5.mE as i n  A-1 D i s t r i c t  

S i rg le - fan i  l y  
dwel l  i q s ,  
essent ia l  
services, 
keepirg o f  
horses for 
n o n c m r c i  a l  
p l r p s e s  

Sane as uses 
permitted in 
A-1 Pgr i cu l -  
tu ra l  D i s t r i c t  

RE-3 Three-k r e  
k r a l  Estate 
D i s t r i c t  

Legal nonconforming uses; con- 
m r c i a l  kennels; cewte r ies ;  
n o n c m r c i a l  c l b s  and outdoor 
recreat ion areas; r i d i r g  acade- 
mies; p l b l  i c ,  semi-phi  i c  and 
g o v e r m t a l  b u i  Id i rgs ;  tan-- 
p r a r y  m d e l  hone and sales 
o f f i ce ;  solar  energy col  lec- 
t i o n  devices; planned develop- 
m n t s ;  quar ry i rg  and mineral 
co l  i ec t  ion 

RE-2 Tw-Acre 
k r a l  Estate 
D i s t r i c t  

S i rg le - fan i  l y  
duel I i q s ,  
essent ia l  
services 

RE-1 Che-Acre 
h r a l  Estate 
D i s t r i c t  

Sane as uses 
p r m i t t e d  i n  
A-1 Pgr i c u l -  
tu ra l  D i s t r i c t  

S i rg le - fan i l y  
dwel I i rgs ,  
essent ia l  
s e w  ices 

Sane as RE-3 Three-Acre h r a l  
Estate D i s t r i c t  

RL-1 Residential 
Lake 
D i s t r i c t  

Saw as uses 
p r m i t t e d  i n  
A-1 Pgr i cu l -  
tu ra l  D i s t r i c t  

Si rg le- fani  l y  
duel1 i rgs,  
essent ia l  
sew ices 

Sane as RE-3 Three-Acre h r a l  
Estate D i s t r i c t  

RL-1A Resident ia l  
Lake 
D i s t r i c t  

Sme as uses 
permi t ted  i n  
A-1 Pgr i c u l -  
tu ra l  D i s t r i c t  

S i r g l e - f m i  l y  
&el I i rgs,  
essent ia l  
services 

S m  as RE-3 Three-Acre b r a 1  
Estate D i s t r i c t  

R-1 Sirg le-Fani l )  
Res idence 
D i s t r i c t  

Sane as uses 
p r m i t t e d  i n  
A-1 Pgr i c u l -  
tu ra l  D i s t r i c t  

Sane as RE-3 lhree-Acre k r a l  
Estate D i s t r i c t  

I 

R-2 S i rg le  and 
Two-Fan i l y 
Res idence 
D i s t r i c t  

S i rg ie - fan i  l y  
dwel I i rgs ,  
essent i a l  
services 

Sane as uses 
permit ted i n  
A-1 Pgr i cu l -  
tu ra l  D i s t r i c t  

S i rg le -  and 
two-fani l y  
dwel I i rgs,  
essent ia l  
sew ices 

Sane as RE-3 Three-Acre k r a l  
Estate D i s t r i c t  

R-3 S i rg le -  and 
Two-Fani l y  
Residence 
D i s t r i c t  

Sane as uses 
permitted i n  
A-1 Pgr i cu l -  
tu ra l  D i s t r i c t  

S i rg le -  and 
two-fani l y  
duel l i r g s ,  
essent ia l  
services 

Sam as RE-3 Three-Acre h r a l  
Estate D i s t r i c t  

Sane as uses 
permitted i n  
A-1 Pgr i cu l -  
tu ra l  D i s t r i c t  

R-4 S i r g l e  and 
Two-Fani l y  
Residence 
D i s t r i c t  

Sane as RE-3 Three-k re  k r a l  
Estate D i s t r i c t  

Sane uses 
pelmi t t e d  i n  
A-1 Pgr i c u l -  
tu ra l  
D i s t r i c t  

S i rg le -  and 
two-fani l y  
dwei I i rgs,  
essent ia l  
sew ices 

Sam as RE-3 Three-Acre h r a l  
Estate D i s t r i c t  

R-5 Planned 
k e l o p n e n t  
D i s t r i c t  

S i rg le -  and 
two;fani l y  
residences 

Sane as uses 
permitted i n  
A-1 Pgr i cu l -  
tu ra l  
D i s t r i c t  

See St. Jotn's-on-the-Lake Sub- 
d i v i s i o n  Oocurents 



Table 25 (continued) 

I c I w  w ELAFIELD z o N l w  ~ I N ~ N C E  (cont i rued)  I 
R-6 k l t i p l e -  

F a n i l y  
Residence 

R-7-M h l  t i p l e -  
Fan i l y  
E l d e r l y  
Housing 
D i s t r i c t  

C i v i l  D i v i s i o n  
Area Zoned 

Wi th in  D i rec t  
Drainage Area 

(acres) Zonirg D i s t r i c t  

-1 Central 
b s i n e s s  
D i s t r i c t  

C o n d i t i o n a l I S p c i a l  Uses 

Percent o f  
D i r e c t  b a i n q e  

Area 

5-1 Local b s i n e s  
Residence 
D i s t r i c t  

Permitted Uses 

B-1A b s i n e s s  
and Limi ted 
Residence 
D i s t r i c t  

R i n c i p a l  

Area Regu l at  ions 

Lot Size 

5-2 Local 
b s i n e s s  
D i s t r i c t  

Accessory M i n i m  Area 

5-3 Local and 
H i g h a y  
b s i n e s s  
D i s t r i c t  

M i n i m  Width 

Attached rm l  t -  
i p l e - f a n i l y  

dwel I  i g s ,  
essent i a l  
serv ices 

Attached m I  t -  
i p l e - f a n i l y  
dwel l i rgs ,  
essent ia l  
serv ices 

Corwen i ence 
and general 
r e t a i l  con- 
m r c i a l  use 
(see 
Ordinance) 

Uses s ~ m i  l a r  
to those i n  
the 5-1 Local 
b s i n e s s  Resi- 
dence D i s t r i c t  
(see Zoning 
W d i  nance] 

.s 

Sare as 5-1 
D i s t r i c t  

Ceneral l y  re- 
c q n i  zed re-  
t a i l  
b s i n e s s  
p r s o n a l  ser- 
v i c e  est&- 
I  i s h n t s ,  
d r y  c lean i rg ,  
business ser- 
v i c e  est&-  
I  i s h e n t s ,  
p o f e s s i o n a l  
services, 
sales and ser- 
v i c e  est&-  
I  i shmnts ,  
w s t  o f f i c e s ,  
res iden t ia l  
dwel l  irg 
u n l  t s  i n  a 
cannerc ia l  
b u i l d i r g ,  
s ingle- fani  l y  
residences, 
essent ia l  
s e w  Ices 

Sane as 5-3 
D i s t r i c t ,  
msement  es- 
tab1 i J m n t s ,  
animal hospi- 
ta l s ,  a c t i o n  
roans, b lue-  
p i n t i r r g ,  
garden u p -  
p l i e s ,  ho te l s ,  
medical lab- 
o ra to r ies ,  
m t e l  s, 
o f f i ces ,  
p i n t  ing es- 
t & I  i s h e n t s ,  
research I&s ,  
p - i va te  
x h o o l  s, t ax i -  
denni sts, and 
other  simi l a r  
uses 

Sane as uses 
 emitted i n  
A-1 Agr i cu l -  
t u ra l  
D i s t r i c t  

Ssre uses 
p m n i t t e d  i n  
A-1 Agr i cu l -  
tura l  
D i s t r i c t  

Garages, o f f -  
s t ree t  park- 
irg a d  lo&- 
irg areas, 
and residen- 
t i a l  dwel l -  
i rgs  located 
i n  the sane 

b u i  l d i r g  as 
a business 

Structures and 
uses custanar- 
I l y  inc ident  
to p r m i  t  ted 
uses 

Structures and 
uses cus- 
t a n a r i l y  i n c i -  
dent to p r -  
mi t ted  uses 

Structures a d  
uses cus- 
t m r i l y  in- 
c ident  to 
p r m i  t t e d  
uses 

Structures and 
uses cus- 
t a n a r i l y  in- 
c ident  t o  
p r m i  t ted  
uses 

Sane as RE-3 Three-Acre b r a 1  
Estate D i s t r i c t  

Ssre as RE-3 Three-Acre M r a l  
Estate D i s t r i c t  

m e -  and two-fani ly  res iden t ia l  
&el I  i rgs;  m l t i p l e - f a n i l y  
&I l  i q s ;  p b l  i c  and semi- 
@ I  i c  b u i l d i q s ;  automobile 
se tv i ce  stat ions;  boat  sales, 
service, and r e p i r ;  p - i va te  
schools; and theaters ( i ndoor )  

Legal nonconfonnig uses; ceme- 
te r ies ;  n o n c m r c i a l  c lubs  
and outdoor recreat ional  
f a c i l i t i e s ;  r i d i r g  xaden ies ,  
@ I i c ,  semi-@ l i c  and g w -  
errmental b u i  l d i rgs ;  boa t  
sales, serv ice and repairs ;  
c p a r r y i r g  and mineral 
ex t rac t  i o n  

Sane as B-1 Local b s i n e s s  
Residence D i s t r i c t  

Sme as 5-1 PUsiness Residence 
D i s t r i c t .  d r i v e - i n  r e s t a r a n t s  

Sane as 5-2 D i s t r i c t ,  dmps, 
land f i  l Is, inc inerators,  p o l  
ha1 l s and dance ha1 I  s  

2,500 square 
feet fo r  
e f f i c i e n c y  
u n i t s ;  
3,000 square 
feet for 
one-bedroom 
u n i t s ;  
4,000 square 
feet for tm- 

bedroan u n i t s  

Ssre as R-6 
k l  t i p l e -  
Fani l y  Resi- 
dence 
D i s t r i c t  

4,500 square 
feet 

5,000 
w a r e  
feet 

10.000 
square 
feet 

15,000 
square 
feet 

20,000 
square 
feet 

100 feet 

120 feet 

120 feet 



Table 25 (continued) 

Percent o f  
D i rec t  DrainaJe 

Area 

0.8 

- 

0.4 

1.7 

C i v i l  D i v i s i o n  
Area Zoned 

Wi th in  D i rec t  
Drainage Area 

(acres) Zoning D i s t r i c t  

Residence D i s t r i c t  

Subtotal 

Area Pegulations 

Lot Size ? ! 

Minimm Area 

8-4 Ceneral 
B ~ s i n e s s  
D i s t r i c t  

B-5 Off ice ad 
&search 
b m e r c i a l  
Di s t r  i c t  

M-1 Limi ted 
I d s t r i a l  
D i s t r i c t  

Subtotal 

S i rg le - fan i l y  
dvel l i rgs ,  
r m n i c i p l  
u t i l i t i e s  
and bu i Id- 
i q s ,  c turches 
a rd  tenples, 
school s, 
parks am? 
country cl&s, 
farmirg uses 

-- 

Coodi t ional lSpecia l  Uses Minimm Width 

Permitted Uses 

CITY CF E l A F l E D  ZONIEX: rnIPY\NCE (con t i rued l  

P r inc ipa l  

Sane as 8-3 
D i s t r i c t ,  
warehcusirg, 
Hholesal irg 
and d i s t r i -  
b u t i o n  o p r a -  
t ions,  and 
p?ni t t e d  
uses i n  the 
M-1 lncbs- 
t r i a l  
D i s t r i c t  

Rofessional  
o f f i ces ,  bus- 
iness o f f i c e s  
and o f f i c e  
research uses 

Wlolesale and 
warehouse ac- 
t i v i t i e s a n d  
l ight  i d s -  
t r i a l  uses 

-- 

R-1 Sirg le-Fani ly  
Residence 

R-2 Sirgle-Fani l y  
Residence 

R-3 Sirg le-Fani ly  
Residence 
D i s t r i c t  

Subtotal 

Accessory 

26 

-- 

13 

58 

Carqes,  o f f -  
s t ree t  parking 
a n d l o d i r g  
areas, p r k -  
irg structures 

Essential 
services, o f f -  
s t ree t  park i rg  
and l o d i r g  
areas 

Carqes,  o f f -  
s t ree t  p r k -  
i r g a n d  
loadirg areas, 
o f f i c e  storage, 
and p e r  
S J W ~ Y  

-- 

1.0 

1.0 

Ole-fani l y  
&I  l i r g  
use 

Ole- fani ly  
dwel l i r g  
use 

Ole- fani ly  
&el  l i r g  
use 

-- 

120 feet 

120 feet 

150 feet 

-- 

Sane as 6-3 D i s t r i c t ,  sales 
and service o f  mpeds 

Sane a q  6-1 D i s t r i c t  

Sane as 8-4 D i s t r i c t  

-- 

VILLACE OF OIENKXY\ ZONlffi 

-- 

1.4 

0.3 

1.7 

Estate 
D i s t r i c t  

P E  b r a 1  Estate 
D i s t r i c t  

R-1 Country Hone 
D i s t r i c t  

20,000 
w a r e  
feet 

40,000 
m a r e  
feet 

1 Acre 

-- 
O I W E  

150 feet 

-- 

2 Acres 

-- 

OliDlNRNCE 

Accessory pi- 
va te  garages 
and barns 

-- 

RCE Country 

32 

32 

250 feet 

200 feet 

150 feet 

-- 

3 Acres 

2 Acres 

1 Acre 

-- 
OINANCE 

None 

-- 

VI LLACE CF ON(MWT lAKE ZONlNC 

Storage park- 
i r g  fac i l  i- 
t ies ,  
ru rse r  ies, 
farmirg and 
gardenirg, p.i- 
va te  m imn i rg  
p o l  s and p- i- 
vate Bnergency 
shei t e r s  

Sane as R-1 
Sirg le-Fani ly  
Wsident  i a l  
D i s t r i c t  

SaneasR-1 
Sirg le-Fani ly  
Residence 
D i s t r i c t  

-- 

Single- fani ly  

-- 

48.0 

10 

58 

h n i c i p l  and/or p b l  ic  u t i l  i ty 
bu i ld ings ,  cturches, school, ad 
and n o n p o f i t  c i & s  

Sane as R-1 Sirgle-Fani l y  
Resident ia l  D i s t r i c t  

S a n e a s R - l S i r g l e - F a n i l y  
Residence D i s t r i c t  

-- 

lWW CF W I T  ZONlffi 

-- 

-- 

-- 

&el I i q s ,  
phl ic parks 
and recrea- 
t i o n  areas, 
c rop  t ree  
farmirg and 
h o r t  icu l  ture,  
pbl ic u t  i I -  
i t y  f a c i l i t i e s  

I h y  use pr-  
mi t ted  i n  the 
RCE D i s t r i c t  

I h y  use ~ e r -  
m i t t e d  i n  the 
R(E D i s t r i c t  

Wiva te  gar- 
ages, W e s t  
houses, boat- 
houses, occu- 
pations, 
p- ivate res i -  
den t ia l ,  
outdoor 
rec rea t ion  
f a c i l i t i e s  

Any use pr-  
rni t tgf  i n  the 
FCE D i s t r i c t  

Am/ use p r -  
m l t t e d  i n  the 
RCE D i s t r i c t  

R b l  ic and p - i va te  schools, 3 Acres 300 feet 
cturches and re1 ig i cus  i n s t i -  
tut ions,  pbl ic adnin ist ra-  
t ive o f f i c e s  and serv ice 
b u i l d i r g s ,  p i v a t e  lodges and 
clubs,  c m r c i a l  developnent 
and h i s t o r i c  res to ra t  ions, 
country inns, country rest-  
rurants,  r u r s i r g  am? res t  h a m s  
for the aged, nmmr theaters, 
p b l  i c  u t i l i t y  o f f i ces ,  ad 
c o m r c i a l  r i d i r g  s t a l e s  

Any cond i t i ona l  use p n i t  ted i n  
the RCE D i s t r i c t  

Any condi t ional  use p n n i t t e d  i n  
the RCE D i s t r i c t  

-- 

2 Acres 

1 Acre 

200 feet 

200 feet 

-- 

-- 



Table 25 (continued) 

C i v i l  D i v i s i o n  

1 f a c i l i t i e s  I 

Zonirg D i s t r i c t  

R-2 Country Hcme 
D i s t r i c t  

R-3 Country Hcme 
D i s t r i c t  

C-1 NeigWorhood 
C o ~ e n i e n c e  
D i s t r i c t  

C-2 Local Service 
Center 
D i s t r i c t  

C-3 General 
Canrercial 
Center 
D i s t r i c t  

I I n d s t r i a l  
D i s t r i c t  

A Pgr icul  tu ra l  
D i s t r i c t  

WF Wetlard and 
Floodpla in 
D i s t r i c t  

Area Zoned 
Wi th in  D i rec t  

D i rec t  W a i n q e  
(acres) 

1 Subtotal 1 -- 1 -- I -- 1 -- 1 -- 1 26 1 0.8 1 
D i rec t  Wainage 1 Area Total  I -- 1 -- 1 -- 

Permitted Uses 

Source: Waukesha County P a r k  a n d  Planning Commission a n d  SEWRPC. 

ConditionaIISpeciaI Uses Pr inc ipal  Accessory 

Area m l a t  ions 

Lot Size 

Minimm Area 

Any use per- 
m i t t e d  i n  the 
RCE D i s t r i c t  

Any use pr-  
m i t t e d  i n  the 
RCE D i s t r i c t  

h y  use per- 
mi t t e d  i n  the 
RCE D i s t r i c t  
except res i -  
den t ia l  use 
on1 y i n  con- 
junct ion w i t h  
and accessory 
t o  another 
pni t t e d  
p r inc ipa l  use, 
r e t a i l  shops. 
business and 
po fess iona l  
o f f i c e s  and 
studios 

Banks, s w -  
i r g s  and loan 
o f f i ces ,  con- 
m r c i a l  enter-  
tairment 
f a c i l i t i e s ,  
l andrana ts ,  
p s t  o f f i c e s ,  
r e s t a r a n t s ,  
taverns, den- 
t a l  and mdi- 
ca l  c l i n i c s ,  
c o m e r c i a l  
W t q r a F h y .  
advert i s i r g  
and a r t  
s tudios 

Gmeral mer- 
chandiz i rg 
e s t 8 l  ish- 
m n t s ,  p i n t -  
i r g  and pb- 
l i sh i rg  
houses aK1 
re la ted  ac- 
t i v i  t i es ,  
h o t e l s  and 
t r a n s p r t a -  
t ion 
terminals 

Marufacture. 
assenbly, p o -  
cessi rg ad 
f&r i c a t  i on  
p lants,  gen- 
e ra l  ware- 
housirg 

Any use pr-  
m i t t e d  i n  the 
RCE Country 
Estate Dis- 
t r i c t ,  outdoor 
recreat ional  
f a c i l i t i e s  

Grazirg, har-  
vest  i r g  o f  
wi I d  crops, 
h rn t  irg and 
f i sh i rg ,  t ree  
farms, dans 
and hydroel- 
e c t r i c  pwr 
s ta t  ions, 
recreat ional  

M in imm Width 

150 feet 

120 feet 

80 feet 
( w e r e d )  
120 feet 
(unsewered) 

60 feet  
(sewered) 
100 feet 
(unsewered) 

60 feet 
(senered) 
100 feet 
(unsewered) 

150 feet  

250 feet 

No minin ln l  

TW4 OF W I T  ZONlNC O R D I W  

Any condi t ional  use p r m i  t t e d  i n  
the RCE D i s t r i c t  

Any condi t ional  use p r m i t t e d  i n  
the RCE D i s t r i c t  

P o t a x b i l e  serv ice stat ions.  
d r i ve - in  e s t a l  ishnents serv ing 
food o r  beverages 

Any condi t ional  use p r m i  t t e d  i n  
the C-1 D i s t r i c t ,  animal b s p i -  
ta ls ,  appliance and m I  I 
machinery repa i r  e s t a i  i s h m n t s  

M e r  ad b u i l d i r g  s ~ p p l y  yards, 
experimental tes t  irg a r d  research 
gal  l e r ies ,  general warehousirg, 
serv ice ad sales e s t h l  ishnents 

Q a r r y i r g ,  animal hosp i ta l s ,  
kennels, junk o r  salvage yards 

Any condi t ional  use p r m i  t t e d  i n  
the RCE D i s t r i c t ,  hog, goat, o r  
o r  fir farms, animal hosp i ta l s ,  
kennels, d a i r y  p o c e s s i r g  plants, 
cplarry i rg 

h b l  ic ,  p i v a t e  comnerci.al and 
p i v a t e  noncomercia l  group 
outdoor rec rea t iona l  
f a c i l i t i e s  

9 use pr-  
m ~ t t e d  i n  the 
RZ D i s t r i c t  

Any use pr -  
mi t t e d  i n  the 
RCE D i s t r i c t  

k s i n e s s  gar- 
q e s ,  o f f -  
s t ree t  park i rg  
and loadirg 
areas 

Any accessory 
use as per- 
m i t t e d  i n  the 
C-1 D i s t r i c t  

Signs, b i l l -  
boards and 
other s im i la r  
a d v e r t i s i r g  
media 

Of f i ce ,  s tor-  
age, pver 
s lpp ly  and 
other s l ch  
uses nonna i l y 
a x i  l i a r y  to 
the p - inc i -  
pal i ncbs t r ia l  
operat ion 

Any accessory 
use as permit- 
ted b y  RCE 
D i s t r i c t  

k r e a t  ion 
faci l i t i e s  and 
and s t ruc tu res  

( c ~ n t i ~ e d )  

314 k r e  

112 Acre 

12,000 
square 
feet; 
(senered) 
20,000 
square 
feet 
(unsewered) 

9,000 
square feet 
(sewered) 
20,000 
w a r e  feet 
(unsewered) 

9,000 
square feet 
(severed) 
20,000 
w a r e  feet 
(unsewered) 

1 Acre 

2 Acres 

No mininun 



Map 19 

EXISTING ZONING DISTRICTS I N  T H E  DRAINAGE AREA 
DIRECTLY TRIBUTARY TO OKAUCHEE, LOWER OKAUCHEE, 

AND UPPER OCONOMOWOC LAKES: 1980 

Source: SEWRPC. 

Aquatic Plant Management 
Records of aquatic plant management 
were not maintained pr ior  t o  1950. 
Aquatic plant management which was f i r s t  
recorded for  Okauchee Lake i n  1950, 
can be categorized as macrophyte har- 
vesting, chemical macrophyte control ,  
and chemical algae control .  

Macrophyte Harvesting: The f i r s t  known 
organized macrophyte harvesting program 
on Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes was conducted by the 
Town of Oconomowoc, which harvested from 
1963 t o  1977. Since 1977, t he  Okauchee 

Lake Management D i s t r i c t  has been con- 
ducting a harvesting program. As of 
1980, the  Lake Di s t r i c t  had two har- 
vesters ,  a barge and shore loader. E s -  
s en t i a l l y ,  the  t o t a l  shorelines of a l l  
th ree  lakes, usually within 20 t o  30 
f ee t  of shore, are  harvested approxi- 
mately three t o  f ive  times per year. '  
The harvesting is conducted jo in t ly  with 
a macrophyte chemical control  program, 

'Kay  Matschnig , Secretary, Okauchee 
Lake Management District, provided this 
information on May 27 ,  1980. 



Map 20 

EXISTING FLOODLAND AND SHORELAND ZONING DISTRICTS IN 
THE DRAINAGE AREA DIRECTLY TRIBUTARY TO OKAUCHEE, 
LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES: 1970 

LEGEND 

O I r n I "  

Source: Waukesha County Park and  Planning Commission and SEWRPC.. 

i n  t ha t  the  macrophytes a r e  harvested i n  
ear ly  summer, chemicals are  applied, and 
then the harvesting is again conducted 
t o  remove the dead plant material. Most 
of the  collected macrophytes are  d i s t r i -  
buted t o  greenhouses, farmers, and lake 
property owners. However, during, and 
f o r  two weeks following, the use of mac- 
rophyte control chemicals, the  macro- 
phytes are  disposed of by a pr ivate  
disposal firm and taken t o  a sani tary 
l and f i l l .  For the years 1977, 1978, and 
1979, an average of 650 cubic yards of 
macrophytes were harvested from Okau- 

chee, Lower Okauchee, and Upper Ocono- 
mowoc Lakes a t  a cost of about $35,000 
per year. 

Chemical Macrophyte Control: Since 
1941. the  use of chemicals t o  control 
aquatic plants has been regulated i n  
Wisconsin. Even pr ior  t o  t h i s  date,  
chemicals had been used t o  control 
aquatic plant growth i n  lakes and 
streams. In  1926, sodium arseni te ,  an 
agr icu l tura l  herbicide, was f i r s t  ap- 
p l ied  t o  lakes i n  Madison, Wisconsin. 
By the 19309s, sodium arsen i te  was 



widely used fo r  aquat ic  p lan t  control ,  
and no other  chemicals were applied i n  
s i gn i f i c an t  amounts t o  control  macro- 
phytes i n  t he  lakes.  Records on sodium 
a r s en i t e  appl ica t ions  were not main- 
ta ined p r i o r  t o  1950. A s  indicated i n  
Table 26, approximately 18 1,580 pounds 
of sodium a r s en i t e  was applied t o  Okau- 
chee Lake from 1950 through 1966. A s  
shown i n  Table 27, Okauchee Lake has r e -  
ceived t h e  second la rges t  amount of 
sodium a r s en i t e  i n  t he  S t a t e .  

The sodium a r s en i t e  was usual ly  sprayed 
(Figure 10) within 200 f e e t  of t he  
shorel ine .  Treatment t yp i ca l l y  occurred 

between mid-June and mid-July. The 
amount of sodium a r s en i t e  used was usu- 
a l l y  ca lcula ted t o  r e s u l t  i n  a concen- 
t r a t i o n  of about 10 p a r t s  per mi l l ion of 
sodium a r s en i t e  i n  t he  t r e a t ed  lake 
water. Most of the  sodium a r s en i t e  re -  
mained i n  the  water column fo r  l e s s  than 
120 days. The a r sen ic  residue was natu- 
r a l l y  converted from a highly tox ic  
t r i v a l e n t  form t o  a r e l a t i v e l y  l e s s  
toxic--and l e s s  b io log ica l ly  ac t ive--  
pentavalent  form. Much of t he  arsenic  
residue was deposited i n  t he  lake sed i -  
ments. Algae, diatoms, and macrophytes 
have been known t o  concentrate arsenic  
i n  t h e i r  t i s s u e  up t o  levels  exceeding 

Table 26 

CHEMICAL CONTROL OF AQUATIC PLANTS IN OKAUCHEE LAKE: 1950-1979 

WE: Values inc lude  chemicals app l ied  t o  L o w r  Okauchee and Upper Oconom,wc Lakes. 

Source: Wisconsin Department  of N a t u r a l  Resources. 

Year 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

1975 

1976 

1977 
1978 

1979 

To ta l  

Acres 
Treated 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

114.4 
283.6 
346.3 
237 
319.3 
240 
162.5 
97.5 
97 

0.1 
67.6 
64.4 

106.9 
40.3 
44.3 

3.8 
9.3 -- 

25.4 -- 
100.6 -- 
75 
93.8 -- 

134.9 -- 

2,664 

Aquathol 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

24 ga ls .  -- 
-- 

735 Ibs. 
150 g a l s .  

12 ga ls .  - -- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

186 g a l s .  
7 3 5 I b s .  

Algae 

Cooper 
S u l f a t e  

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

2,100 Ibs. 
700 Ibs. 

1,100 Ibs. 
20 Ibs. 

500 Ibs. -- 
330 Ibs. 
2 9 1 I b s .  -- 
-- 
-- 
-- 

105.9 Ibs. -- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

5,146.9 Ibs. 

Sodiun 
A r s e n i t e  

8,280 Ibs. 
13,300 Ibs. 
12,120 Ibs. 
2,760 Ibs. 
2,180 Ibs. 
3,400 Ibs. 
1,440 Ibs. 
3,904 Ibs. 

20,656 Ibs. 
23,400 Ibs. 
24,120 Ibs. 
11,780 Ibs. 
10,440 Ibs. 
26,100 Ibs. 
11,700 Ibs. 

3,300 Ibs. 
2,700 Ibs. -- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

181,580 Ibs. 

Macrophyte Contro l  

Diquat  

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

15.5 ga ls .  
7 g a l s .  

11.5 ga ls .  -- 
-- 

1 g a l .  -- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

35 g a l s .  

Contro l  

B lue  
V i t r i o l  

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

800 Ibs. 
500 Ibs. 

1,895 Ibs. -- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
- - 

3,195 Ibs. 

2.4-D 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

5 ga ls .  -- 
270 Ibs. 

10 g a l s .  
20 ga ls .  -- 
22 g a l s .  
47 Ibs. 
23 ga ls .  
78 Ibs. 

269 ga ls .  
70 Ibs. 

242 ga ls .  
129.5 g a l s .  

5 Ibs. 
174 g a l s .  -- 
894.5 g a l s .  
470 Ibs. 

M o t h a l l  

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

58 g a l s .  
16 g a l s .  -- 

-- 
-- 

11 ga ls .  
379 Ibs. 
56 ga ls .  -- 
14.8 ga ls .  -- 
34 ga ls .  
48.2 g a l s .  

70 Ibs. 
71.5 g a l s .  

400 Ibs. 

309.5 g a l s .  
8 4 9 I b s .  

C u t r i n e  o r  
(Ur ine-+ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

2 g a l s .  -- 
-- 
-- 
-- 
-- 
-- 

23 ga ls .  -- 
68.2 gals.  -- 

148 ga ls .  
181 .2 g a l s .  -- 
116 g a l s .  -- 

538.4 g a l s .  



Table 27 

LAKES RECEIVING THE 10 LARGEST 
AMOUNTS OF SODIUM ARSENITE IN  

WISCONSIN FOR AQUATIC 
MACROPHYTE CONTROL: 1950-1969 

~p 

Figure 10 

PROCEDURE FOR APPLICATION 
OF SODIUM ARSENITE T O  AN 
INLAND LAKE FOR AQUATIC 

MACROPHYTE CONTROL 

alncludes application of  sodium arsenite to the Oconomowoc River 
near Fowler Lake. 

b ~ h e  1,257,137 pounds of sodium anenire applied to them lakes 
constitutes 57 percent of  the total amount of sodium arsenite 
applied to a total of  167lakes andstreams in Wisconsin during the 
period 1950 to 1969. 

Amount of 
Sodium Arsenite 

(pounds1 

334.232 
181.580 
179,164 
129,337 
87,456 
87.214 
77,858 
64,676 
59,020 
56,600 

1,257,137~ 

Lake 

Pewaukee . . . . . . .  
Oksuchee . . . . . . .  
Big Cedar. . . . . . . .  
Pine. . . .  

' a " " '  Fowler Lake . . . . .  
Nagawicka . . . . . . .  
La Belle . . . . . . . .  
Onalaska . . . . . . . .  
Shangrila (Benet) . . .  
Browns. . . . . . . . .  

Total 

Source: Wsconsin Department of Natural Resources. 

CounN 

Waukesha 
Wsukesha 
Washington 
Waukeshs 
Waukerha 
Waukesha 
Waukesha 
La Crosse 
Kenosha 
Racine 

. . 

2,000 micrograms per  gram (ug/g) dry 
weight. However, biomagnification of 
a r sen ic  through t h e  food chain has not 
been known t o  occur. Analyses of f i s h  
t i s s u e  from some t r e a t e d  lakes by t h e  
Wisconsin Department of Natural Re -  
sources i n  1960 and i n  1971 indica ted  
no excessive l eve l s  of a r sen ic .  

When it became apparent t h a t  a r sen ic  was 
accumulating i n  t h e  sediments of t r e a t e d  
lakes,  t h e  use of sodium a r s e n i t e  was 
discontinued i n  Okauchee Lake i n  1966, 
and i n  t h e  e n t i r e  S t a t e  i n  1969. The 
app l i ca t ion  and accumulation of a r sen ic  
were concluded t o  present  p o t e n t i a l  
hea l th  hazards t o  human and aquat ic  
l i f e .  I n  dr inking water suppl ies ,  a r -  
sen ic  is suspected of being carcinogenic 
and has been known t o  cause sk in  cancer 
and b ra in ,  l i v e r ,  kidney, and bone mar- 
row damage. Under c e r t a i n  condit ions,  
a r sen ic  may leach t o  and contaminate t h e  
groundwater, e spec ia l ly  i n  sandy s o i l s .  

Source: Wisconsin Deportment of 
Natural Resources.  

During anaerobic cbndi t ions ,  a r sen ic  may 
be re leased from t h e  bottom sediments t o  
t h e  water.  In  t h i s  way, some a r sen ic  con- 
tinue's t o  be "flushed out" of Okauchee 
Lake through t h e  o u t l e t .  I n  addi t ion ,  
t h e  arsenic-laden sediments a r e  continu- 
a l l y  being covered by new sediments. 
Therefore, t h e  l e v e l  of a r s e n i c  i n  t h e  
water and i n  t h e  su r face  sediments may 
be expected t o  decrease with t h e  passage 
of time. Table 28 s e t s  f o r t h  measured 
a r sen ic  l eve l s  i n  Okauchee Lake f o r  se -  
l ec ted  years  from 1962 through 1978. The 
U .  S. Environmental Protec t ion  Agency 
drinking water s tandard fo r  a r sen ic  i s  
0.05 milligram per  l i t e r  (mg/l) . 

A s  shown i n  Table 26, 2,4-D, Diquat, 
Endothal,  and Aquathol a l s o  have been 
applied t o  Okauchee Lake t o  con t ro l  
aquat ic  macrophytes. A l l  of these  chemi- 
c a l s  were applied s ince  1968. A l l  aqua- 
t i c  p l a n t  cont ro l  chemicals cu r ren t ly  
used must be approved by t h e  U .  S. En- 
vironmental Protec t ion  Agency and t h e  
Wisconsin Department of Natural Re- 
sources.  The fede ra l  Insec t i c ide ,  Fungi- 
c ide ,  and Rodenticide Act a s  amended i n  
1972 requi res  t h a t  a l l  pes t i c ides  be 
reg i s t e red .  Separate records of chemical 
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Table 28 

MEASURED ARSENIC LEVELS I N  
OKAUCHEE LAKE FOR SELECTED 

YEARS 1962-1978 

Source: Wisconsin Department of Natural  
Resources a n d  SEWRPC . 

Sampling Date 

April 1962.. . . . . .  
May 1962 . . . . . . . .  
February  1963.. . 
November 1964 . . 
November 1966 . . 
February  1967 . . .  
May 1968 . . . . . . . .  
April 1969.. ..... 
April 1970.. . .... 
April 1971.. . . . . .  
J u n e  1978 . . . . . . .  

t reatment a r e  not  maintained by t h e  Wis- 
consin Department of Natural Resources 
f o r  Lower Okauchee and Upper Oconomowoc 
Lakes. I t  i s  l i k e l y  t h a t  t h e  amounts r e -  
ported f o r  Okauchee Lake include chemi- 
c a l s  applied t o  these  two smaller  lakes .  
Map 21 shows t h e  extent  of appl ica t ion  
of aquat ic  p lan t  con t ro l  (macrophytes 
and a lgae)  chemicals f o r  t h e  period of 
1976 through 1979. 

Arsenic 
Concentration 

(mg/l) 

0.07 
0.06 
0.09 
0.20 
0.07 
0.05 
0.04 
0.02 
0.01 
0.01 
0.01 

The advantages of chemical use a r e  t h e  
r e l a t i v e l y  low cos t ;  and t h e  ease ,  speeds 
and convenience of app l i ca t ion .  In  addi-  
t i o n ,  o f f i c i a l s  of t h e  Okauchee Lake 
Management D i s t r i c t  indica ted  t h a t  con- 
t r o l l i n g  aquat ic  macrophytes through 
harves t ing  was not  as  e f f e c t i v e  during 
periods when chemical appl ica t ions  were 
c u r t a i l e d .  Disadvantages associa ted  with 
chemical cont ro l  include t h e  following: 

1. Although t h e  short- term, l e t h a l  
e f f e c t s  of chemicals a r e  r e l a t i v e l y  
well  known, p o t e n t i a l  long-term, 
sub le tha l  e f fec t s - -espec ia l ly  on 
f i s h  and f ish-food organisms--are 
r e l a t i v e l y  unknown. 

2 .  The e l iminat ion  of macrophytes r e -  
duces t h e i r  competition with algae 
f o r  l i g h t  and n u t r i e n t s .  Thus in -  
creased algae blooms may develop. 

I n  cases where dead p lan t  mater ia l  
i s  not removed from t h e  lake,  t h e  
n u t r i e n t s  contained i n  t h e  decom- 
posing p lan t  mater ia l  w i l l  be r e -  
leased t o  t h e  water.  Decomposition 
of t h e  p lan t  bodies a l s o  consumes 
dissolved oxygen and increases  t h e  
p o t e n t i a l  f o r  f i s h  k i l l s .  

4 .  The el imination of macrophyte beds 
destroys important cover, food 
sources,  and spawning areas  f o r  
des i red  f i s h  spec ies .  

5 .  Adverse impacts on o ther  aquat ic  
organisms may be expected. Diquat 
has been shown t o  k i l l  t h e  zoo- 
plankton Daphnia (water f l e a s )  and 
Hyalel la  (scuds) a t  the  l e v e l  ap- 
p l i e d  f o r  macrophyte con t ro l .  Both 
Daphnia and Hyalel la  a r e  important 
f i s h  foods, and Daphnia is  t h e  p r i -  
mary food f o r  t h e  young of near ly  
a l l  f i s h  species .  

Chemical Algae Control: Table 26 ind i -  
c a t e s  t h a t  copper s u l f a t e ,  Blue V i t r i o l ,  
Cutr ine,  and Cutrine-plus were applied 
t o  Okauchee Lake as  e a r l y  as 1953 f o r  
a lgae  con t ro l .  Many of t h e  disadvantages 
of chemical macrophyte cont ro l  discussed 
above apply t o  chemical a lgae  cont ro l  
a s  we l l .  In additon,  copper, t h e  a c t i v e  
ingredient  i n  a l g i c i d e s ,  may accumulate 
i n  t h e  bottom sediments. Excessive 
l eve l s  of copper a r e  t o x i c  t o  f i s h  and 
benthic  animals. 

GOVERNMENT AGENCIES 
W I T H  W A T E R  QUALITY 
MANAGEMENT RESPONSIBILITIES 

A number of l o c a l ,  s t a t e ,  and fede ra l  
agencies have p o t e n t i a l  water q u a l i t y  
management r e s p o n s i b i l i t i e s  f o r  Okau- 
chee, Lower Okauchee, and Upper Ocono- 
mowoc Lakes. These agencies include an 
Inland Lake Protec t ion  and Rehabi l i ta -  
t i o n  D i s t r i c t ,  a town s a n i t a r y  d i s t r i c t ,  



AREAS CHEMICALLY TREATED FOR THE CONTROL OF AQUATIC PLANTS IN 
OKAUCHEE, LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES: 1976-1979 

LEGEND 

P A l E I  TREATED A L L  FOUR YEARS 

&RE& T R E h T E D D Y R l N O  THREEOFTHE 
THE V E A R f  

&REA TREATED DURINO T W O  O F  
THE YEaRS 

&RE* TREATED ONE YEAR ONLY 

Source: Wisconsin Department of Natural Resources and SEWRPC. 

the civil town, cities and villages, the 
County, the County Soil and Water 
Conservation District, the Regional 
Planning Commission, the Wisconsin De- 
partment of Natural Resources, the Wis- 
consin Department of Health and Social 
Services, the University of Wisconsin- 
Extension, the U. S. Environmental Pro- 
tection Agency, the U. S .  Department of 
Agriculture, Soil Conservation Service, 
and the U. S. Department of Agriculture, 
Agricultural Stabilization and Conserva- 
tion Service. A detailed discussion is 
presented in Chapter 6, Volume One, 
SEWRPC Planning Report No. 30, 

gional Water Quality Management Plan for 
Southeastern Wisconsin: 2000. However, 
the role of each of these agencies is 
briefly discussed below. 

Inland Lake Protection 
and Rehabilitation Districts 
Inland lake ~rotection and rehabilita- -- - 

tion districts are special purpose units 
of government created pursuant to Chap- 
ter 33 of the Wisconsin Statutes. In its 
initial declaration of intent, the Wis- 
consin Legislature summarized the under- 
lying philosophy behind the creation of 
these special purpose districts: 



The l e g i s l a t u r e  f inds  environmen- 
t a l  va lues ,  w i l d l i f e ,  publ ic  
r i g h t s  i n  navigable waters ,  and 
t h e  publ ic  welfare a r e  threatened 
by t h e  d e t e r i o r a t i o n  of publ ic  
lakes ; t h a t  t h e  p ro tec t ion  and 
r e h a b i l i t a t i o n  of the  publ ic  i n -  
land lakes of t h i s  s t a t e  a r e  i n  
t h e  bes t  i n t e r e s t  of t h e  c i t i z e n s  
of t h i s  s t a t e ;  t h a t  t h e  publ ic  
h e a l t h  and welfare w i l l  be bene- 
f i t e d  thereby;  t h a t  t h e  current  
s t a t e  e f f o r t  t o  abate water pol-  
l u t i o n  w i l l  not undo t h e  eutrophic 
and o ther  de te r io ra ted  condit ions 
of many lakes;  and t h a t  t h e  
p o s i t i v e  publ ic  duty of t h i s  s t a t e  
a s  t r u s t e e  of waters requi res  
a f f i rma t ive  s t eps  t o  p ro tec t  and 
enhance t h i s  resource and p ro tec t  
environmental va lues .  

Inland lake protec t ion  and r e h a b i l i t a -  
t i o n  d i s t r i c t s  a r e  formed a t  t h e  l o c a l  
l e v e l .  The d i s t r i c t  organizers ,  who may 
be any l o c a l  property owners, propose 
appropr ia te  boundaries encompassing t h e  
r i p a r i a n  property and as  much of t h e  lake 
watershed as  deemed necessary.  Once t h e  
d i s t r i c t  boundary has been s o  proposed, 
t h e  organizers  must obta in  a p e t i t i o n  
signed by a t  l e a s t  51 percent  of t h e  
property owners o r  by t h e  owners of a t  
l e a s t  51 percent  of t h e  land within t h e  
proposed d i s t r i c t  boundaries. The 
p e t i t i o n  is  presented t o  the  county board 
which holds a  hearing a f t e r  no t i fy ing  a l l  
property owners i n  t h e  proposed d i s t r i c t .  
Following t h e  hearing,  t h e  county board 
may form an inland lake p ro tec t ion  and 
r e h a b i l i t a t i o n  d i s t r i c t .  

The lake  d i s t r i c t  has powers t o  en te r  
i n t o  con t rac t s ;  own property;  d isburse  
money; and t o  bond, borrow, and levy 
s p e c i a l  assessments t o  r a i s e  money. I ts 
s p e c i f i c  lake management powers include:  

1. Study e x i s t i n g  water q u a l i t y  condi- 
t i o n s  and determine t h e  causes of 
e x i s t i n g  o r  expected f u t u r e  water 
q u a l i t y  problems. 

2. Control aquat ic  macrophytes, a lgae ,  
and swimmer's i t c h .  

3 .  Implement lake r e h a b i l i t i o n  tech- 
niques,  including ae ra t ion ,  d i -  
vers ion ,  n u t r i e n t  removal o r  
inac t iva t ion ,  s e l e c t i v e  discharge,  
dredging, sediment covering, and 
drawdown. 

4 .  Construct and opera te  water l e v e l  
con t ro l  s t r u c t u r e s .  

5 .  Control nonpoint source po l lu t ion .  

The d i s t r i c t s  do not  have po l i ce  powers 
but  may ask count ies ,  towns, v i l l a g e s ,  
o r  c i t i e s  t o  enact ordinances necessary 
t o  improve o r  p ro tec t  t h e  lake .  The 
governing body of a  lake  d i s t r i c t  i s  a 
board of commissioners, which cons i s t s  
o f :  

Three property owners from wi th in  
t h e  d i s t r i c t ,  e l ec ted  by a l l  prop- 
e r t y  owners wi th in  t h e  d i s t r i c t ,  

A county board member who is  a l s o  a 
S o i l  and Water Conservation D i s -  
t r i c t  supervisor ,  who i s  nominated 
by t h e  supervisors  of t h e  S o i l  and 
Water Conservation D i s t r i c t  and is  
appointed by t h e  County Board, and 

A r ep resen ta t ive  appointed by t h e  
governing body of t h e  town, v i l l a g e  
o r  c i t y  having t h e  h ighes t  assessed 
evaluat ion  wi th in  t h e  d i s t r i c t .  

I n  1975, a  lake  p ro tec t ion  and r e h a b i l i -  
t a t i o n  d i s t r i c t  was formed f o r  Okauchee, 
Lower Okauchee, and Upper Oconomowoc 
Lakes. The d i s t r i c t  encompasses 706 
acres  o r  21 percent  of t h e  t o t a l  d i r e c t  
lake  drainage a rea ,  a s  shown on Map 10. 

Sani tary  D is t r ic ts  
Sani tary  d i s t r i c t s  may be crea ted  
under Section 66.30 of t h e  Wisconsin 
S t a t u t e s  t o  p lan ,  cons t ruc t ,  and main- 
t a i n  cen t ra l i zed  s a n i t a r y  sewerage sys-  
tems. Town s a n i t a r y  d i s t r i c t s  have 
l imi ted  au thor i ty  t o  cons t ruct  and main- 
t a i n  storm sewer systems and provide gar-  
bage and re fuse  c o l l e c t i o n  and d i sposa l .  
Such d i s t r i c t s  have a l s o  been used as an 
organiza t ional  veh ic le  f o r  lake macro- 
phyte harves t ing .  



Towns 
Towns have au thor i ty  t o  undertake a 
wide v a r i e t y  of a c t i v i t i e s  with respect  
t o  the  abatement of po l lu t ion  from both 
point  and nonpoint sources.  Towns t h a t  
contain both urban and r u r a l  a reas  
genera l ly  have e lec ted  t o  e s t a b l i s h  
separa te  s a n i t a r y  and u t i l i t y  d i s t r i c t s  
f o r  t h e  provision of se rv ices  t o  urban 
development, p a r t i c u l a r l y  including 
s a n i t a r y  sewer and storm water manage- 
ment se rv ices .  Towns may a l s o  undertake 
stream and lake improvements and water- 
shed p ro tec t ion  p r o j e c t s  . 

Cities and Villages 
C i t i e s  and v i l l a g e s  possess au thor i ty  
t o  implement both urban point  and non- 
point  source po l lu t ion  abatement p lans .  
C i t i e s  and v i l l a g e s  possess general  home 
r u l e  au thor i ty  and have s p e c i f i c  author-  
i t y  t o  cons t ruct ,  opera te ,  and maintain 
a s a n i t a r y  sewerage system. In addi t ion ,  
c i t i e s  and v i l l a g e s  have au thor i ty  t o  
convey and t r e a t  storm waters ,  including 
const ruct ion ,  opera t ion ,  and maintenance 
of urban storm water conveyance, s t o r -  
age, and treatment f a c i l i t i e s .  C i t i e s  
and v i l l a g e s  can undertake nonpoint 
source po l lu t ion  abatement a c t i v i t i e s  
i n  conjunction with t r a d i t i o n a l  publ ic  
works a c t i v i t i e s ,  including l i t t e r  and 
leaf  con t ro l ,  animal waste con t ro l ,  and 
s t r e e t  sweeping and cleaning.  Thus, 
c i t i e s  and v i l l a g e s  a r e  granted a l l  of 
t h e  powers required t o  implement t h e  
point  and nonpoint source po l lu t ion  
abatement elements of t h e  plan i n  urban 
a reas .  Those powers may be exercised i n  
t h e  promulgation of cons t ruct ion  erosion 
contro l  ordinances, t h e  cons t ruct ion  and 
operat ion of storm water management sys-  
tems, t h e  development and enforcement of 
urban s a n i t a t i o n  and re fuse  cont ro l  
ordinances, and t h e  cons t ruct ion ,  opera- 
t i o n ,  and maintenance of s a n i t a r y  
sewerage systems and a t tendant  sewage 
treatment works. 

Counties 
Counties a r e  authorized t o  engage i n  

- - 

s o i l  and water conservation p r o j e c t s ,  
lake and r i v e r  improvements, property 
acqu i s i t ions ,  water protec t ion ,  and 
s o l i d  waste management. In addi t ion ,  

counties  may regu la te  nonpoint source 
po l lu t ion  through t h e i r  planning, 
zoning, subdivision,  bui ld ing,  and 
hea l th  code a u t h o r i t i e s .  Counties a r e  
a l s o  important t o  t h e  functioning of t h e  
s o i l  and water conservation d i s t r i c t s .  
Not only a r e  such d i s t r i c t s  f i s c a l l y  
dependent upon county boards, but i n  
e f f e c t  t h e  d i s t r i c t s  a r e  governed by a 
county board committee. In implementa- 
t i o n  of t h e  Okauchee Lake water q u a l i t y  
management p lan ,  the re fo re ,  it would be 
necessary f o r  t h e  Waukesha County Board 
and t h e  County S o i l  and Water Conserva- 
t i o n  D i s t r i c t  t o  work together  i n  a 
f u l l y  in teg ra ted  e f f o r t .  

Soil and Water Conservation Distr icts  
S o i l  and water conservation d i s t r i c t s ,  
as  authorized under Section 92 .05  of t h e  
Wisconsin S t a t u t e s ,  have t h e  au thor i ty  
t o  develop plans f o r  the  conservation of 
s o i l  and water resources and f o r  t h e  
prevention of s o i l  e ros ion.  In  addi t ion ,  
t h e  d i s t r i c t s  have au thor i ty  t o  request  
t h e  County Board of Supervisors t o  adopt 
s p e c i a l  land use regula t ions  t h a t  would 
implement such plans i n  unincorporated 
a reas .  Such adoption, however, requi res  
a referendum i n  which a simple majori ty 
of the  e l i g i b l e  e l e c t o r s  who voted, and 
were re s iden t s  of t h e  area  a f fec ted ,  
approve t h e  proposed regula t ions .  S o i l  
and water conservation d i s t r i c t s  have 
t h e  au thor i ty  t o  acquire--through emin- 
en t  domain proceedings--any property o r  
r i g h t s  t h e r e i n  f o r  watershed p ro tec t ion ,  
s o i l  and water conservation, flood pre-  
vention works, and f i s h  and w i l d l i f e  
conservation and rec rea t iona l  works. 

Regional Planning Commissions 
I n  i t s  r o l e  a s  a coordinat ing agency 
f o r  water po l lu t ion  cont ro l  a c t i v i t i e s  
wi th in  southeastern Wisconsin, t h e  
Regional Planning Commission u t i l i z e s  
t h e  l o c a l l y  adopted and c e r t i f i e d  
regional  plan elements a s  a bas i s  f o r  
review of f ede ra l  and s t a t e  grants  i n  
a i d ,  discharge permits ,  and s a n i t a r y  
sewer extensions.  The Commission pro- 
vides t echn ica l  a s s i s t ance  pe r t a in ing  t o  
water q u a l i t y  management t o p i c s ,  and 
f u r t h e r  promotes plan implementation 
through community a s s i s t ance  planning 



se rv ices ,  a s  appropr ia te .  In  addi t ion ,  
t h e  Commission stands ready t o  provide a  
forum f o r  t h e  d iscuss ion of intergovern- 
mental i s sues  which may become c r i t i c a l  
t o  t h e  o rde r ly  and t imely implementation 
of water q u a l i t y  management p r o j e c t s .  
These i n d i r e c t  plan implementation func- 
t i o n s  must be d is t inguished from t h e  
p lan  implementation r e s p o n s i b i l i t i e s  of 
t h e  o the r  management agencies, through 
whose d i r e c t  ac t ions  t h e  plans a r e  con- 
ver ted  t o  r e a l i t y .  

Wisconsin Department 
of Natural Resources 
The r e s p o n s i b i l i t y  f o r  water po l lu t ion  
con t ro l  i n  Wisconsin is  centered i n  t h e  
Wisconsin Department of ~ a t u r a l  
Resources. The bas ic  au thor i ty  and 
accompanying r e s p o n s i b i l i t i e s  r e l a t i n g  
t o  t h e  water po l lu t ion  con t ro l  functions 
of t h e  Department a r e  s e t  f o r t h  i n  Chap- 
t e r  144  of t h e  Wisconsin S t a t u t e s .  Under 
t h i s  chapter ,  t h e  Department i s  given 
broad au thor i ty  t o  prepare a s  wel l  a s  t o  
approve o r  endorse water q u a l i t y  manage- 
ment p lans ;  t o  e s t a b l i s h  water use 
ob jec t ives  and support ing water q u a l i t y  
s tandards ;  t o  review and approve a l l  
plans and spec i f i ca t ions  f o r  components 
of s a n i t a r y  sewerage systems; t o  conduct 
research  and demonstration p r o j e c t s  on 
sewerage and waste t reatment mat ters ;  t o  
opera te  an examining program f o r  t h e  
c e r t i f i c a t i o n  of sewage treatment p lan t  
opera to r s ;  t o  order  t h e  i n s t a l l a t i o n  of 
cen t ra l i zed  s a n i t a r y  sewerage systems; 
t o  review and approve t h e  c rea t ion  of 
j o i n t  sewerage systems and metropoli tan 
sewerage d i s t r i c t s ;  t o  r e g u l a t e  water 
l e v e l  e levat ions ;  and t o  administer  a  
f i n a n c i a l  a s s i s t ance  program f o r  t h e  
cons t ruct ion  of po l lu t ion  prevention and 
abatement f a c i l i t i e s ,  o r  f o r  t h e  app l i -  
ca t ion  of land management measures. The 
Wisconsin S t a t u t e s  a l s o  author ize  t h e  
Department t o  consider conformance with 
an approved areawide water q u a l i t y  man- 
agement plan when reviewing l o c a l l y  pro- 
posed s a n i t a r y  sewer extensions.  This 
permissive au thor i ty  i s  i n  add i t ion  t o  
t h e  ~ e p a r t m e n t ' s  mandatory review f o r  
engineering soundness and f o r  r e l a t i o n  
t o  publ ic  hea l th  and s a f e t y .  

Under Chapter 147 of t h e  Wisconsin 
S t a t u t e s ,  t h e  Department i s  given broad 
au thor i ty  t o  e s t a b l i s h  and ca r ry  out  a  
p o l l u t a n t  discharge e l iminat ion  program 
i n  accordance with t h e  pol icy  guidel ines  
s e t  f o r t h  by t h e  U .  S. Congress under 
t h e  f ede ra l  Water Po l lu t ion  Control Act. 
Pursuant t o  t h i s  au thor i ty ,  t h e  Depart- 
ment has e s t ab l i shed  a  waste discharge 
permit system. No permit may be issued 
by t h e  Department f o r  any discharge from 
a  point  source of po l lu t ion  t h a t  i s  i n  
c o n f l i c t  with any areawide water q u a l i t y  
management plan approved by t h e  Depart- 
ment. Also under t h i s  au thor i ty ,  t h e  
Department has rule-making powers t o  
e s t a b l i s h  e f f l u e n t  l i m i t a t i o n s ,  water 
q u a l i t y - r e l a t e d  l i m i t a t i o n s ,  performance 
standards r e l a t e d  t o  c l a s s e s  o r  categor-  
i e s  of po l lu t ion ,  and t o x i c  and pre-  
t reatment e f f l u e n t  s tandards.  A l l  
permits issued by t h e  Department must 
include condit ions t h a t  waste discharges 
a r e  t o  meet, i n  addi t ion  t o  e f f l u e n t  
l i m i t a t i o n s ,  performance s tandards ,  e f -  
f l u e n t  p roh ib i t ions ,  pretreatment s t an -  
dards,  and any o the r  l imi ta t ions  needed 
t o  meet t h e  adopted water use ob jec t ives  
and support ing water q u a l i t y  s tandards.  
A s  appropr ia te ,  t h e  permits may include 
a  t imetable  f o r  appropr ia te  ac t ion  on 
t h e  p a r t  of t h e  owner o r  opera tor  of any 
point  source waste discharge.  The W i s -  
consin Department of Natural Resources 
has e s t ab l i shed  a  normal opera t ing  l e v e l  
f o r  Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes ranging from 8 7 2 . 6 0  t o  
8 7 3 . 7 1  f e e t  NGVD. 

Wisconsin Department of Health and 
Social Services, Division of Health 
I n  performing i t s  functions r e l a t i n g  
t o  t h e  maintenance and promotion of 
pub l i c  h e a l t h ,  t h e  Wisconsin Division of 
Health i s  charged with t h e  responsi-  
b i l i t y  of r egu la t ing  t h e  i n s t a l l a t i o n  
and opera t ion  of p r i v a t e  s e p t i c  tank 
sewage d isposal  systems. The Division 
reviews p l a t s  of a l l  land subdivisions 
not  served by pub l i c  s a n i t a r y  sewerage 
systems and may ob jec t  t o  such p l a t s  i f  
o n s i t e  s a n i t a r y  waste d isposal  f a c i l i -  
t i e s  a r e  not  properly provided f o r  i n  
t h e  p l a t  layout .  



Univers i t y  o f  Wisconsin-Extension 
The Extension Service operates on a 
cont rac tual  bas i s  with counties t o  pro- 
v ide  t echn ica l  and educational  a s s i s  - 
tance  wi th in  t h e  count ies .  Of p a r t i c u l a r  
importance t o  implementation of t h e  
areawide water q u a l i t y  management plan 
i s  t h e  provision of t echn ica l  a s s i s t ance  
by t h e  Extension Service t o  county s o i l  
and water conservation d i s t r i c t s ,  county 
boards, and county zoning and planning 
committees. In  addi t ion ,  t h e  Extension 
Service i s  well  equipped t o  provide edu- 
c a t i o n a l  s e r v i c e s ,  e spec ia l ly  i n  t h e  
areas  of nonpoint source po l lu t ion  and 
s ludge management. 

U. S. Environmental Protection Agency 
The U.S. Environmental Protec t ion  
Agency has broad powers under t h e  
f ede ra l  Water Po l lu t ion  Control Act t o  
administer  f ede ra l  g ran t s - in -a id  f o r  t h e  
cons t ruct ion  of publ ic ly  owned waste 
t reatment works and r e l a t e d  sewerage 
f a c i l i t i e s ;  t o  promote and fund areawide 
waste t reatment planning and management; 
t o  s e t  and enforce water q u a l i t y  s tand-  
a rds ,  including e f f l u e n t  l i m i t a t i o n s ,  
through t h e  establishment of water use 
objec t ives  and support ing water q u a l i t y  
s tandards and through the  conduct of 
water q u a l i t y  inventor ies  and inspect ion  
and monitoring programs; and t o  e s t ab -  
l i s h  a na t iona l  po l lu tan t  discharge 
e l iminat ion  system. The Environmental 
Protec t ion  Agency, thus ,  a c t s  a s  t h e  
key fede ra l  water po l lu t ion  con t ro l  
agency and must approve a l l  bas in  and 
areawide water q u a l i t y  management plans 
a s  c e r t i f i e d  t o  it by appropriate s t a t e  
agencies.  

U . S. Department of Agr icu l ture ,  
Soil Conservation Service 
The U.S. Department of Agr icul ture ,  
S o i l  conservation Service,  administers  
resource conservation and development 
p r o j e c t s  under Publ ic  Law 566 and pro- 
v ides  t echn ica l  and f i n a n c i a l  a s s i s t ance  
through s o i l  and water conservation d i s -  
t r i c t s  t o  landowners i n  t h e  planning and 
const ruct ion  of measures f o r  land t r e a t -  
ment, a g r i c u l t u r a l  water management, and 
f lood prevention,  and f o r  pub l i c  f i s h ,  
w i l d l i f e ,  and rec rea t iona l  development. 
The S o i l  Conservation Service a l s o  con- 
ducts  d e t a i l e d  s o i l s  surveys and pro- 

vides i n t e r p r e t a t i o n s  a s  a  guide t o  t h e  
use  of s o i l  survey da ta  i n  l o c a l  plan- 
ning and development. The t echn ica l  
a s s i s t ance  programs of t h e  S o i l  Conser- 
va t ion  Service a r e  of g rea t  importance 
t o  implementation of t h e  areawide water 
q u a l i t y  management p lan .  

U. S. Department of Agr icul ture,  
Agr icu l tura l  Stabil ization and 
Conservation Service 
The U. S. Department of Agr icul ture ,  
Agr icul tura l  S t a b i l i z a t i o n  and Conser- 
va t ion  Service,  administers  t h e  f ede ra l  
Agr icul tura l  Conservation Program (ACP), 
which provides g ran t s  t o  r u r a l  land- 
owners i n  p a r t i a l  support of car ry ing 
out  approved s o i l ,  water ,  woodland, 
w i l d l i f e ,  and ' other  conservation prac-  
t i c e s .  These grants  a r e  awarded under 
year ly  and long-term ass i s t ance  prog- 
rams, providing guaranteed funds f o r  
car ry ing out  approved conservation work 
p lans .  Grants from the  fede ra l  Agricul- 
t u r a l  Conservation Program a r e  important 
t o  implementation of t h e  areawide water 
q u a l i t y  management p lan .  In  add i t ion ,  
t h e  Agr icul tura l  S t a b i l i z a t i o n  and Con- 
se rva t ion  Service has r e l a t i v e l y  new 
au thor i ty  under Section 208(J) of t h e  
f ede ra l  Water Po l lu t ion  Control Act t o  
administer  a cos t -shar ing  grant  program 
f o r  t h e  purpose of i n s t a l l i n g  and main- 
t a i n i n g  a g r i c u l t u r a l  measures found 
needed t o  cont ro l  nonpoint source 
po l lu t ion .  

PRIVATE ACTION 
FOR WATER POLLUTION CONTROL 

The foregoing d iscuss  ion deals  exclu- 
s i v e l y  with water q u a l i t y  management by 
u n i t s  and agencies of government. Direct  
ac t ion  may a l s o  be taken,  however, by 
p r i v a t e  individuals  o r  organizat ions t o  
e f f e c t i v e l y  abate water po l lu t ion .  A s  
shown l a t e r  i n  t h e  "Alternat ive Water 
Quali ty Management ~ e a s u r e s "  chapter ,  
some of t h e  most important,  ye t  l e a s t  
c o s t l y  , management p rac t i ces  can be 
r e a d i l y  c a r r i e d  out  by individual  
c i t i z e n s .  I n  add i t ion ,  most of the  
a c t i v i t i e s  of t h e  agencies previously 
discussed requi re  t h e  cooperation and 
support of individual  c i t i z e n s  and of 
c i t i z e n  groups i n  order  t o  be e f fec -  
t ive  l y  implemented . 



Chapter  V I  I 

WATER USE OBJECTIVES AND WATER QUALITY STANDARDS 

The Regional Planning Commission 
adopted areawide water q u a l i t y  manage- 
ment p lan ,  a s  s e t  f o r t h  i n  SEWRPC Plan- 
ning Report No. 30, A Regional Water 
Quali ty Management Plan f o r  Southeastern 
Wisconsin: 2000, recommends water use 
objec t ives  and support ing water q u a l i t y  
s tandards f o r  a l l  major lakes and 
streams i n  t h e  Region. The water use 
objec t ives  recommended f o r  Okauchee, 
Lower Okauchee, and Upper Oconomowoc 
Lakes, a s  well  as  f o r  t h e  Oconomowoc 
River a r e  f u l l  r ec rea t iona l  use and sup- 
p o r t  of a heal thy  warmwater f i s h e r y .  The 
water q u a l i t y  s tandards which support 
these  objec t ives  a r e  s e t  f o r t h  i n  Table 
29. Standards a r e  recommended f o r  tem- 
pe ra tu re ,  pH, d issolved oxygen, f e c a l  
col iform, r e s idua l  ch lo r ine ,  un-ionized 
ammonia n i t rogen,  and t o t a l  phosphorus. 

The t o t a l  phosphorus standard of 0.02 
milligram per l i t e r  (mg/l) appl ies  t o  
lakes during sp r ing  turnover ,  when t h e  
lakes a r e  not s t r a t i f i e d  and maximum 
v e r t i c a l  mixing i s  occurr ing .  The 
achievement of t h i s  recommended standard 
i s  expected t o  prevent excessive macro- 
phyte and a lgae  growths i n  most lakes ,  
although lake r e h a b i l i t a t i o n  techniques 
may a l s o  be required t o  avoid seasonal  
problems associa ted  with t h e  recycl ing  
of phosphorus from t h e  bottom sediments. 
Excessive t o t a l  phosphorus l eve l s  stimu- 
l a t e  l a rge  growths of a lgae  and poss ib ly  
aquat ic  macrophytes, which i n t e r f e r e  
with r ec rea t iona l  use .  A s  t hese  p lan t  
masses d i e  and decompose, d issolved 
oxygen deple t ions  may r e s u l t  which a l s o  
th rea ten  t h e  su rv iva l  of f i s h  and aqua- 
t i c  l i f e .  Although many f a c t o r s  a r e  i n -  
volved, one pound of phosphorus may pro- 
duce from 1,000 t o  10,000 pounds wet 
weight of aquat ic  p lan t  ma te r i a l .  Upon 
t h e  decomposition of t h i s  amount of 

Table 29 

RECOMMENDED WATER QUALITY 
STANDARDS T O  SUPPORT 

RECREATIONAL AND WARMWATER 
FISH AND AQUATIC LIFE USE 

I Parameter I Standard I 
Maximum Temperature . . . . . . . . . . . .  
pH Range . . . . . . . . . . . . . . . . . . . .  
Minimum Dissolved Oxygen. . . . . . . . . .  
Maximum Fecal Coliform . . . . . . . . . . .  
Maximum Total Residual Chlorine . . . . . .  
Maximum Un-ionized Ammonia Nitrogen . . 
Maximum Total Phosphorus. . . . . . . . . .  
Other. . . . . . . . . . . . . . . . . . . . . . .  

89°~a 'b  
6.0-9.0 standard units 

5.0 mgllb 
2001400 MFFCC1100 mlc 

0.01 mgll 

a There 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 existing 
natural temperature shall not exceed ~ P F  for streams and ?F for lakes. 

Dissolved oxygen and temperature standards apply to streams and the epilim- 
nion o f  stratified lakes and to the unstratified lakes; the dissolved oxygen 
standard does not apply to the hypolimnion o f  stratified inland lakes. Trends in 
the period of anaerobic conditions in the hypolimnion of stratified inland lakes 
should be considered important to the maintenance of water quality, however. 

The membrane filter fecal coliform count per 100 milliliters fMFFCC/100 mi) 
shall not exceed a monthly geometric mean of 200per 100 ml based on not less 
rhan five samples per month, nor a monthly geometric mean of 400per 100 ml  
in more rhan 10 percent of aN samples during any month. 

The values presented for lakes are the critical total phosphorus concentrations 
which apply only during spring when maximum mixing is underway. 

All waters shall meet the following minimum standards at all times and under aN 
flow conditions: substances that will cause objectionable deposits on the shore 
or in the bed of a body of water shall not be present in such amounts as t:, 
interfere with public rights in waters of the State. Floating or submerged debris, 
oil, scum, or other material shall not be present in such amounts as to interfere 
with public rights in the waters o f  the State. Materials producing color, odor, 
taste, or unsightliness shall not be present in amounts which are acutely harmful 
to animal, plant, or aquatic life. 

Unauthorized concentrations o f  substances are not permitted that alone or in 
combination with other materials present are toxic to fish or other aquatic life. 
The determination o f  the toxicity of a substance shall be based upon the avail- 
able scientific data base. References to be used in determining the toxicity of 
a substance shall include, but not be limited to, Quality Criteria for Water, 
EPA-440B-76-003, U. S. Environmental Protection Agency, Washington, 0. C., 
1976, and Water Quality Criteria 1972. EPA R3-73-003, National Academy 
of Engineering, U. S. Government Printing Office, Washington, D. C., 1974. 
Questions concerning the permissible levels, or changes in the same, of a sub- 
stance, or combination of substances, or undefined toxicity to fish and other 
biota shall be resolved in accordance with the methods specified in Water 
Quality Criteria 1972 and Standard Methods for the Examination of m r  
and Wastewater. 14th Edition. American Public Health Association, New York, 
1975, or other methods approved by the Department of Natural Resources. 

Source. SEWRPC. 



p lan t  mater ia l  generated from one pound 
of phosphorus, 100 pounds o r  more of 
dissolved oxygen would be consumed. 

The phosphorus concentrat ion i n  t h e  lake 
i s  d i r e c t l y  r e l a t e d  t o  t h e  phosphorus 
load contr ibuted  t o  t h e  lake v i a  t r i b u -  
t a r y  runoff and atmospheric sources,  a l -  
though some recycl ing  of phosphorus from 
t h e  lake bottom sediments may a l s o  
occur. Figure 11 ind ica tes  t h e  t o t a l  
phosphorus concentrat ions expected t o  
occur i n  Okauchee Lake during sp r ing  
turnover under a l t e r n a t i v e  water q u a l i t y  
management ac t ions  i n  the  lake  water- 
shed, a s  estimated with t h e  Regional 
Planning   om mission's water q u a l i t y  
s imulat ion model. F a i l u r e  t o  implement 
any management measures i n  t h e  lake 
watershed may be expected t o  r e s u l t  i n  
continued excessive phosphorus l e v e l s ,  
and a r e s u l t i n g  decrease i n  water 
q u a l i t y  and water use p o t e n t i a l .  
Complete implementation of t h e  plan 
recommendat ions ,  including watershed 
management measures and in - l ake  manage- 
ment techniques,  s e t  f o r t h  i n  t h i s  r e -  
por t  is estimated t o  r e s u l t  i n  t h e  
achievement of t h e  phosphorus standard 
of 0 . 0 2  mg/l and subsequently t o  provide 

Figure 11 

TOTAL PHOSPHORUS LEVELS IN 
OKAUCHEE LAKE UNDER ALTERNATIVE 

POLLUTION CONTROL ACTIONS 

E X I S T I N G  
EXIST ING TRENDS 

SEWRPC ADOPTED TOTAL 
PHOSPHORUS STANDARD 

PLAN RECOMMEDATION 

1975 2 0 0 0  

NOTE TOTAL PHOSPHORUS CONCENTRATIONS ARE S IMULATED 
USING T H E  DILLON-RIGLER MODEL. 

Source: SEWRPC. 

water q u a l i t y  s u i t a b l e  f o r  a f u l l  range 
of r ec rea t iona l  use oppor tuni t ies  and 
f o r  support of a heal thy  warmwater 
f i s h e r y .  



Chapter  V l  l l 

ALTERNATIVE WATER QUALITY MANAGEMENT MEASURES 

INTRODUCTION 

P o t e n t i a l  measures f o r  water q u a l i t y  
management of Okauchee, Lower Okauchee, 
and Upper Oconomowoc Lakes include point  
and nonpoint source po l lu t ion  con t ro l  
measures and lake r e h a b i l i t a t i o n  tech-  
niques.  Point  source p o l l u t i o n  con t ro l  
measures cons i s t  of t h e  design,  con- 
s t r u c t i o n ,  and operat ion of s a n i t a r y  
sewerage systems. Nonpoint source po l lu -  
t i o n  con t ro l  measures cons i s t  of t h e  
improved management of both urban and 
r u r a l  land uses t o  reduce po l lu tan t s  
discharged t o  t h e  lake by d i r e c t  over- 
land drainage,  by drainage through 
n a t u r a l  o r  man-made channels,  and by 
groundwater inflow. Lake r e h a b i l i t a t i o n  
techniques e i t h e r  d i r e c t l y  t r e a t  t h e  
symptoms of lake  eut rophica t ion ,  such as  
macrophyte harves t ing ,  o r  a l t e r  t h e  
c h a r a c t e r i s t i c s  of t h e  lake bas in  which 
may be i n t e r f e r i n g  with t h e  achievement 
of  water use ob jec t ives ,  such as  l imi ted  
dredging of bottom sediments. 

I n  developing a l t e r n a t i v e  water q u a l i t y  
management measures, it was assumed t h a t  
t h e  recommendations s e t  f o r t h  i n  t h e  
adopted areawide water q u a l i t y  manage- 
ment plan f o r  t h e  Oconomowoc River 
drainage a rea  upstream of Okauchee Lake 
would be implemented. Accordingly, t h e  
recommendations i n  t h i s  r epor t  deal  p r i -  
mari ly with water q u a l i t y  management 
measures i n  t h e  drainage area  d i r e c t l y  
t r i b u t a r y  t o  Okauchee, Lower Okauchee, 
and Upper Oconomowoc Lakes, o r  wi th in  
t h e  lake bas ins  themselves. 

POINT SOURCE POLLUTION CONTROL 

A s  recommended i n  t h e  regional  san i -  
t a r y  sewerage system plan,  adopted by 
t h e  Commission i n  1974, t h e  Oconomowoc 
sewage treatment p lan t  would serve  as  a 
regional  f a c i l i t y  t o  provide wastewater 
t reatment se rv ice  t o  t h e  Oconomwoc-Lac 
La Bel le ,  Oconomowoc Lake, Okauchee 

Lake, North Lake, Pine Lake, Beaver 
Lake, and S i l v e r  Lake sewer se rv ice  
a reas .  That recommendation was r e a f -  
firmed i n  t h e  regional  water q u a l i t y  
management plan adopted by t h e  Commis- 
s ion  i n  1979. 

I n  1978, t h e  wastewater t reatment 
f a c i l i t y  serving t h e  City of Oconomowoc 
was upgraded t o  provide secondary waste 
t rea tment ,  t e r t i a r y  waste t reatment,  and 
a u x i l i a r y  waste t reatment f o r  e f f l u e n t  
d i s i n f e c t i o n ,  and was expanded t o  pro- 
v ide  an average hydraul ic  design capa- 
c i t y  of 4.0 mi l l ion  gal lons  per  day 
(mgd). I t  is  an t i c ipa ted  t h a t  t h e  exten- 
s ion  of se rv ice  t o  e x i s t i n g  and proposed 
urban development around Lac La Bel le ,  
Okauchee Lake, North Lake, Pine Lake, 
Beaver Lake, S i lve r  Lake, and Oconomowoc 
Lake and t h e  flow from t h e  e x i s t i n g  and 
proposed sewer se rv ice  a rea  of t h e  Ci ty  
of Oconomowoc w i l l  r equ i re  an average 
hydraulic  capaci ty  of 3 .1  mgd by 1985. 
F ina l  extension of s a n i t a r y  sewer s e r -  
v i c e  t o  urban development around Lac La 
Bel le ,  Okauchee Lake, Pine Lake, Beaver 
Lake, North Lake, and S i l v e r  Lake may be 
expected t o  requi re  an average hydraul ic  
design capaci ty  a t  t h e  Ci ty  of Oconomo- 
woc sewage treatment p lan t  of 6 .5  mgd by 
t h e  year 2000. Therefore, add i t iona l  
capaci ty  may be expected t o  be required 
a t  t h e  Oconomowoc f a c i l i t y  before t h e  
year  2000. The proposed sewer se rv ice  
a rea  and trunk sewer system a r e  shown on 
Map 22. A s  of 1975, t h e r e  were no known 
i n d u s t r i a l  poin t  sources of wastewater 
requi r ing  treatment o r  e l iminat ion  i n  
t h e  area  t r i b u t a r y  t o  Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes o r  
t o  streams t r i b u t a r y  t o  t h e  lakes .  

NONPOINT SOURCE 
POLLUTION CONTROL 

Nonpoint sources of water po l lu t ion  
include urban sources such as  runoff 
from r e s i d e n t i a l ,  commercial, indus- 



Map 22 

RECOMMENDED SANITARY SEWERAGE SYSTEM PLAN FOR THE OCONOMOWOC- , 
LAC LA BELLE, OCONOMOWOC LAKE, OKAUCHEE LAKE, 

NORTH LAKE, PINE LAKE, BEAVER LAKE, AND SILVER LAKE I 

SEWER SERVICE AREAS--MIDDLE ROCK RIVER SUBREGIONAL AREA: 2000 

LEGEND 

SERVlCE I R m  m S  AND APPURTEMNT FACILITIES 

-. E*,STING TIlYNX SEWER 

W W Y D  IRYNR SEWER 

EXlSTlNr FOPCE WPlW 

SEWAOE TREATMENT FmLITIES 

Source: SEWRPC. 

t r i a l ,  t r a n s p o r t a t i o n ,  and r e c r e a t i o n a l  The water q u a l i t y  atlalyses presented 
land uses ,  cons t ruct ion  a c t i v i t i e s ,  and previously i n  t h i s  r epor t  i n d i c a t e  t h a t  
s e p t i c  tank systems; and r u r a l  sources a  reduction i n  n u t r i e n t  loads from non- 
such as runoff from cropland, pas ture ,  point  sources i n  t h e  t r i b u t a r y  a rea  w i l l  
and woodland, l ives tock  wastes, and be needed t o  meet t h e  recommended water 
atmospheric con t r ibu t ions .  use ob jec t ives  and support ing water 



quality standards. Alternative nonpoint 
source control measures are set forth in 
Table 30. The specific practices appli- 
cable to that portion of the drainage 
area near STH 16 south of Ice House 
Bay is presented in Appendix B as a 
separate analysis, in accordance with 
requests of the Okauchee Lake Management 
District Commission. About a 30 percent 
reduction in the existing nonpoint 
source loads from the drainage area di- 
rectly tributary to Okauchee Lake is 
needed to meet the recommended water use 
objectives and supporting standards. 

LAKE REHAB1 I - ITATION TECHNIQUES 

Although preventing further deteriora- 
tion in lake water quality conditions, 
the reduction of nutrient inputs to Okau- 
chee, Lower Okauchee, and Upper Ocono- 
mowoc Lakes alone should not be expected 
to result in the elimination of existing 
water quality problems. In mesotrophic 
or eutrophic lakes, especially in the 
presence of anaerobic conditions in the 
hypolimnion such as occur in Okauchee 
Lake, significant amounts of phosphorus 
may be released from the existing sedi- 
ments to the overlying water column. 
Furthermore, in all three lakes, macro- 
phytes may continue to proliferate, 
rooting in the nutrient-rich bottom 
sediments, regardless of the nutrient 
content of the overlying water. The 
water quality improvements expected from 
a reduced nutrient input may be inhib- 
ited or prevented by these conditions. 
If this occurs, or if other characteris- 
tics of the lake result in restricted 
water use potential, the application of 
lake rehabilitation techniques should be 
considered . 

The applicability of specific lake re- 
habilitation techniques is highly de- 
pendent on lake characteristics. The 
success of any lake rehabilitation tech- 
nique can seldom be guaranteed since the 
state-of-the-art is still in the early 
stages of development. Because of the 
relatively high cost of applying most 
techniques, a cautious approach to 
implementing lake rehabilitation tech- 
niques is recommended. Certain lake 

rehabilitation techniques should be 
applied only to lakes in which: 1) nu- 
trient inputs to the lake have been re- 
duced to below the critical level; 2) 
there is a high probability of success; 
and 3) the possibility of adverse envir- 
onmental impacts is minimal. 

Alternative lake rehabilitation and in- 
lake management measures discussed below 
include hypolimnetic aeration, dredging, 
sediment covering , drawdown, nutrient 
inactivation, dilution/flushing, selec- 
tive discharge, macrophyte harvesting, 
algae harvesting, chemical controls, and 
fish management. All cost figures re- 
lated to the measures discussed are pre- 
sented in January 1980 dollars. 

Hypol imnetic Aerat ion 
The purpose of hypolimnetic aeration 
is to provide oxygen to the hypolimnion 
of a stratified lake without disrupting 
the stratification. Lower Okauchee and 
Upper Oconomowoc Lakes are too shallow 
to thermally startify during summer and, 
therefore, do not contain a true hypo- 
limnion. The hypolimnion of Okauchee 
Lake underlies about 420 acres, or about 
35 percent of the lake surface area. 
During some portions of the summer, the 
entire volume of the hypolimnion was 
found to have dissolved oxygen levels of 
less than 2.0 milligrams per liter 
(mg/l). To provide hypolimnetic aera- 
tion, typically the bottom water is 
air-lifted up a vertical tube, with oxy- 
genated water returned to the hypolim- 
nion, as shown in Figure 12 and on Map 
23. Aeration of the hypolimnion in- 
creases the decomposition of organic 
matter and promotes sorption of phos- 
phorus by the hydrous oxides of iron and 
manganese present in the lake bottom 
sediments. The result is that the con- 
centration of phosphorus in the bottom 
waters may be substantially reduced and 
oxygen levels improved, resulting in an 
improved habitat for fish and aquatic 
life. Hypolimnetic aeration also pro- 
vides additional habitat for zooplank- 
ton, which can seek refuge from feeding 
fish during the day in the dark bottom 
lake waters and migrate toward the sur- 
face at night to graze on algae. 



Table 30 

GENERALIZED SUMMARY OF METHODS AND EFFECTIVENESS 
OF NONPOINT SOURCE POLLUTION ABATEMENT MEASURES 

Assumptions for 
Cost~ng Purposes 

Ordinance administration and 
enforcement costs are 
expected t o  be funded by 
violation penalties and 
related revenues 

No significant increase in 
CUI-rent expenditures 
is expected 

Replace one-half of estimated 
existing failing septic systems 
with properly located and 
installed systems and replace 
one-half with alternative 
systems, such as mound 
systems or holding tanks; all 
existing and proposed onsite 
sewage treatment systems are 
assumed to  be properly main- 
tained; assume system life of 
25 years. The estimated cost 
of a septic tank system is 
$2,300 and the cost of an 
alternative system is $4,500. 
The annual maintenance cost 
of a disposal system is $45. 
A holding tank would cost 
$1,300 with an annual opera- 
t ion and maintenance cost of 
$1,200. However, because 
septic system management is 
an existing function necessary 
for the preservation o f  public 
health and the maintenance of 
drinking water supplies, these 
costs are not  included as part 
of the areawide water quality 
maintenance plan 

Estimate curb miles based on 
land use, estimated street 
acreage, and Commission 
transportation planning 
standards; assume one street 
sweeper can sweep 2,000 curb 
miles per year; assume sweeper 
life of 10 years; assume residen- 
tial areas swept once weekly, 
commercial and industrial 
areas swept twice weekly. The 
cost o f  a vacuum street sweeper 
is approximately $38,000. The 
cost of the operation and main- 
tenance o f  a sweeper is about 
$ l C  per curblmile swept. 

Assume one equivalent mature 
tree per residence plus five 
trees per acre in recreational 
areas; 75 pounds o f  leaves per 
tree; 20 percent of leaves in ' 
urban areas not  currently 
disposed of properly. The cost 
of the collection of leaves in 
a vacuum sweeper and disposal 
is estimated at $25 per ton 
o f  leaves 

Applicable 
Land Use 

Urban 

Summary CIescriptionb 

Prevent the accumulation of 
l itter and pet wastes on streets 
and residential, commercial, 
industrial, and recreational 

areas 

Improve the scheduling of these 
public works activities, modify 
work habits of personnel, and 
select equipment to maximize 
the effectiveness of these 
existing pollution control 
measures 

Regulate septic system 
installation, monitoring, 
location, and performance; 
replace failing systems with 
new septic systems or 
alternative treatment 
facilities; develop alternatives 
t o  septic systems; eliminate 
direct connections t o  drain 
tiles or ditches; dispose o f  
septage at sewage treatment 
facility 

On the average, sweep all streets 
in urban areas an equivalent of 
once or twice a week with 
vacuum street sweepers; require 
parking restrictions t o  permit 
access t o  curb areas; sweep all 
streets at least eight months per 
year; sweep commercial and 
industrial areas with greater 
frequency than residential areas 

Increase the frequency and 
efficiency of leaf collection 
procedures in fall; use vacuum 
cleaners to collect leaves; 
implement ordinances for leaves, 
clippings, and other organic debris 
to be mulched, composted, or 
bagged for pickup 

Control ~ e a s u r e s ~  

Litter and pet waste 
control ordinance 

Improved timing and efficiency 
of street sweeping, leaf 
collection and disposal, and 
catch basin cleaning 

Management of onsite sewage 
treatment systems 

Increased street sweeping 

Increased leaf and clippings 
collection and disposal 

Approximate Percent 
Reduction of 

Released ~ o l l u t a n t s ~  

2-5 

2-5 

10-30 

30-50 

2-5 



Table 30 (continued) 

Applicable 
Land Use 

Urban 
(continued) 

Control ~ e a s u r e s ~  

Increased catch basin cleaning 

Reduced use o f  deicing salt 

Improved street maintenance 
and refuse collection and 
disposal 

Parking lo t  storm water 
temporary storage and 
treatment measures 

Onsite storage-residential 

Summary ~ e s c r i p t i o n ~  

Increase frequency and efficiency 
of catch basin cleaning; clean at 

least twice Per year using vacuum 
cleaners; catch basin installation 
in new urban development not 
recommended as a cost-effective 
practice for water quality 
improvement 

Reduce use of deicing salt on 
streets; salt only intersections 
and problem areas; prevent 
excessive use of sand and other 
abrasives 

Increase street maintenance and 
repairs; increase provision o f  
trash receptacles in public areas; 
improve trash collection 
schedules; increase cleanup of 
parks and commercial centers 

Construct gravel-filled trenches, 
sediment basins, or similar 
measures t o  store temporarily 
the runoff f rom parking lots, 
rooftops, and other large 
impervious areas; i f  treatment is 
necessary, use a physical- 
chemical treatment measure 
such as screens, dissolved air 
flotation, or a swirl concentrator 

Remove connections t o  sewer 
systems; construct onsite storm 
water storage measures for 
subdivisions 

Approximate Percent 
Reduction o f  

Released ~ o l l u t a n t s ~  

2-5 

Negligible for pollutants 
addressed i n  this chapter but  
helpful for reducing chlorides 
and associated damage 
to  vegetation 

2-5 

5-10 

5-10 

Assumptions for  
Costing Purposes 

Determine curb miles for street 
sweeping; vary percent of 

urban area sewed b y  catch 
basins by  watershed from 
Commission inventory data; 
assume density o f  10 catch 
basins per curb mile; clean 
each basin twice annually by 
vacuum cleaner. The cost of 
cleaning a catch basin is 
approximately $8 

Increased costs, such as for 
slower transportation move- 
ment. are expected t o  be 
offset by  benefits such as 
reduced automobile corrosion 
and damage to  vegetation 

Increase current expenditures 
by approximately 15 percent. 
The annual cost per person 
is about $4 

Design gravel-filled trenches for 
24-hour, five year recurrence 
interval storm; apply t o  off-  
street parking acreages. For 
treatment-assume four-hour 
detention time. The capital 
cost o f  storm water detention 
and treatment facilities is 
estimated at $9,000 per acre 
o f  parking lo t  area, with an 
annual operation and main- 
tenance cost o f  about $100 
per acre. 

Remove roof drains and other 
connections t o  sewer system 
wherever needed; use lawn 
aeration i f  applicable; apply 
dutch drain storage facilities 
t o  15 percent of residences. 
The capital cost would approxi- 
mate $200 per house. with 
an annual maintenance cost 
o f  about $10 



Table 30 (continued) 

Applicable 
Land Use 

Urban 
(continued) 

Rural 

Control ~ e a s u r e s ~  

Storm water storage-urban 

Storm water treatment 

Conservation practices 

Assumptions for 
Costing Purposes 

Design all storage facilities for 
a 1.5 inch o f  runoff event, 
which corresponds approxi- 
mately t o  a five-year 
recurrence interval event with 
a storm event being defined 
as a period o f  precipitation 
with a minimum antecedent 
and subsequent dry period 
o f  f rom 12 to  24 hours; 
apply subsurface storage 
tanks t o  intensively developed 
existing urban areas where 
suitable open land for surface 
storage is unavailable; design 
surface storage basins for 
proposed new urban land, 
existing urban land not  
storm sewered, and existing 
urban land where adequate 
open space is available at the 
storm sewer discharge site. The 
capital cost for storm water 
storage would range from 
$1,000-$10,000 per acre of 
tributary drainage area, with 
an annual operation and 
maintenance cost of about 
$20-$40 per acre 

T o  be applied only in combina- 
t ion with storm water storage 
facilities above; general cost 
estimates for microstrainer 
treatment and ozonation were 
used; same costs were applied 
t o  existing urban land and 
proposed new urban develop- 
ment. Storm water treatment 
has an estimated capital 
cost of f rom $900-$7,000 per 
acre o f  tributary drainage area, 
with an average annual opera- 
t ion and maintenance cost of 
about $35 per acre 

Costs for Soil Conservation 
Service (SCS)-recommended 
practices are applied t o  
agricultural and related rural 
land; the distribution and 
extent o f  the various prac- 
tices were determined from 
an examination of 56 existing 
farm plan designs within the 
Region. The capital cost of 
conservation practices ranges 
from $0.30-514 per acres o f  
rural land, with an average 
annual operation and main- 
tenance cost of f rom 52-54 
per rural acre 

Summary ~ e s c r i p t i o n ~  

Store storm water runoff f rom 
urban land in surface storage 
basins or, where necessary, 
subsurface storage basins 

Provide physical-chemical 
treatment which includes screens, 
microstrainers, dissolved air 
flotation, swirl concentrator, or 
high-rate filtration, and/or 
disinfection, which may include 
chlorination, high-rate disinfec- 
tion, or ozonation t o  storm 
water following storage 

Includes such practices as strip 

cropping. contour plowing, crop 
rotation, pasture management, 
critical area protection, grading 
and terracing, grassed waterways, 
diversions, wood lo t  management, 
fertilization and pesticide manage- 
ment, and chisel tillage 

Approximate Percent 
Reduction of 

Released ~ o l l u t a n t s ~  

10-35 

10-50 

Up to  50 



Table 30 (continued) 

Applicable 
Land Use 

Rural 

(continued) 

Control ~ e a s u r e s ~  

Animal waste control system 

Base-of-slope detention storage 

Bench terraces 

Summary ~ e s c r i p t i o n ~  

Construct stream bank fencing 
and crossovers to prevent access 
of all livestock t o  waterways; 
construct a runoff control system 
or a manure storage facility, as 
needed, for major livestock 
operations.; prevent improper 
applications of manure on frozen 
ground, near surface drainage- 
ways, and on steep slopes; 
incorporate manure into soil 

Store runoff f rom agricultural land 
t o  allow solids t o  settle out and 
reduce peak runoff rates. Berms 
could be constructed parallel 
t o  streams 

Construct bench terraces, thereby 
reducing the need for many other 
conservation practices on sloping 
agricultural land 

Approximate Percent 
Reduction o f  

Released ~ o l l u t a n t s ~  

50-75 

50-75 

75-90 

Assumptions for 
Costing Purposes 

Cost estimated per animal unit; 
animal waste storage (liquid 
and slurry tank for costing 
purposes) facilities are 
recommended for all major 
animal operations within 
500 feet of surface water and 
located in areas identified as 
having relatively high potential 
for severe pollution problems. 
Runoff control systenis recom- 
mended for all other major 
animal operations. I t  is 
recognized that dry manure 
stacking facilities are signifi- 
cantly less expensive than 
liquid and slurry storage tanks 
and may be adequate waste 
storage systems in many 
instances. The estimated 
capital cost and average 
operation and maintenance 
cost of a runoff control system 
is $90 per animal unit and 
$10 per animal unit, respec- 
tively. The capital cost of 
a l iquid and slurry storage 
facility is about $425 per 
animal unit, with an annual 
operation and maintenance 
cost of about $30 per unit. 
An  animal uni t  is the weight 
equivalent o f  a 1,000-pound 
COW 

Construct a low earthen berm at 
the base of agricultural fields, 
along the edge of a floodplain, 
wetland, or other sensitive 
area, design for 24-hour. 
10-year recurrence interval 
storm; berm height about four 
feet. Apply where needed i n  
addition t o  basic conservation 
practices; repair berm every 
10 years and remove sediment 
and spread on land. The esti- 
mated capital cost of base-of- 
slope detention storage would 
be about $250 per tributary 
acre, with an annual opera- 
t ion and maintenance cost 
o f  $10 per acre 

Apply t o  all appropriate agricul- 
tural lands for a maximum level 
o f  pollution control. Utilization 
of this practice would exclude 
installation o f  many basic 
conservation practices and 
base-of-slope detention storage. 
The capital cost o f  bench 
terraces is estimated at $625 
per acre, with an annual opera- 
tion and maintenance cost o f  
$45 per acre 



Table 30 (continued) 

a No t  all control measures are evaluated for each watershed. The characteristics of the watershed, the estimated required level o f  pollubon reduction needed to  

meet the applicable water quality standards, and other factors wi l l  influence the estimation of costs o f  specific practices for any one watershed. Although the 
control measures costed represent the recommended practices developed at the regional level on the basis o f  the best available information, the local implementa- 
don process should provide more detailed data and identify more efficient and effective sets o f  practices to  apply to  local conditions. 

Applicable 
Land Use 

Urban and 
Rural 

For a more detailed description o f  pollution control measures for diffuse sources, see SEWRPC Technical Report No. 18, State o f  the A r t  of  Water Pollution 
Control for Southeastern Wisconsin, Volume Three, Urban Storm Water Runoff, and Volume Four, Rural Storm Water Runoff. 

The approximate effectiveness refers to  the estimated amount o f  pollution produced by the contributing category (urban or rural) that could be expected t o  be 
reduced by the implementation o f  the practice. The effectiveness rates would vary greatly depending on the characteristics o f  the watershed and individual diffuse 
sources. It should be further noted that practices can have only a "Sequential"effect, since the percent pollution reduction of a second practice can only be 
applied against the residual pollutant load which is not  controlled by the first practice. For example, two practices o f  50 percent effectiveness would achieve 
a theoretical total effectiveness o f  only 75 percent control of  the initial load. Further, the general levels o f  effectiveness reported in  the table are not  necessarily 
the same for all pollutants associated with each source. Some pollutants are transported by dissolving in  water and others by attaching to  solids in the water; 
the methods summarized here reflect typical pollutant removal levels. 

Control ~ e a s u r e s ~  

Public education programs 

Co!~st!uct ion erosion corltrol 
practices 

Materials storage and runoff 
control facilities 

Stream protection measures 

- 
Pesticide and fertilizer 

application restrictions 

Critical area protection 

Source: SEWRPC. 

Assumptions for 
Costing Purposes 

For first 10 years includes 
cost of one person, materials, 
and support for each 25,000 
population. Thereafter, the 
same cost can be applied to  
for every 50,000 population. 
The cost of one person, 
materials, and support is 
estimated at $33,000 per year 

Assume acreage under construc- 
t ion is the average annual 
incremental increase in urban 
acreage; apply costs for 
a typical erosion control 
program for a construction 
site. The estimated capital cost 
and operation and maintenance 
cost for construction erosion 
control is $2,200 and $400 
per acre under construction, 
respectively 

Assume 40 percent of industrial 
areas are used for storage and 
t o  be enclosed by diversions; 
assume existing salt storage 
piles enclosed by cribs and dome 
structures. The estimated capital 
cost of industrial runoff control 
is $1,100 per acre of industrial 
land. Material storage control 
costs are estimated at $30 per 
ton of material 

Apply a 50-foot-wide vegetative 
buffer zone on each side of 
15 percent of the stream 
length; apply stream bank 
protection measures t o  
5 percent of the stream length. 
Vegetative buffer zones are 
estimated to  cost $21,200 
per mile of stream, and 
streambank protection 
measures cost about $37,000 
per stream mile 

Cost included in public 
education program 

Indeterminate 

Summary ~ e s c r i p t i o n ~  

Conduct regional- and county- 
level public education programs 
t o  inform the public and provide 
technical information on the 
need for proper land manage- 
ment practices on private land, 
the recommendations for 
management programs, and the 
effects of implemented measures; 
develop local awareness programs 
for citizens and public works 
officials; develop local contact 
and education efforts 

Construct temporary sediment 
basins; install straw bale dikes; use 
fiber mats, mulching and seeding; 
install slope drains to  stabilize 
steep slopes; construct tenlporary 
diversion swales or berms upslope 
from the project 

Enclose industrial storage sites with 
diversions; divert runoff to  
acceptable outlet or storage 
facil ity; enclose salt piles and 
other large storage sites in crib 
and dome structures 

Provide vegetative buffer zones 
along streams t o  filter direct 
pollutant runoff t o  the stream; 
construct stream bank protection 
measures, such as rock riprap, 
brush mats, tree revetment, jacks, 
and jetted willow poles 
where needed 

Match application rate to  need; 
eliminate excessive applications 
and applications near or into 
surface water drainageways 

Emphasize control of areas 
bordering lakes and streams; 
correct obvious erosion and 
other pollution source problems 

- 

Approximate Percent 
Reduction of 

Released ~ o l l u t a n t s ~  

Indeterminate 

20-40 

5-10 

5-1 0 

0-3 

Indeterminate 



Figure  12 

TYPICAL HYPOLIMNETIC AERATION 
SYSTEM FOR AN INLAND LAKE 

WOOD DECK- WASTE AIR 

Source: Adapted by  SEWRPC from 
A.W. Fast, "The Effects of 
Artificial Aeration on Lake 
E ~ o l o g y , ~  U .S.  EPA Water 
Pollution Control Research 
Series, 16010EXE, 1971. 

Increased zooplankton populations can 
effectively reduce certain species of 
algae. 

Hypolimnetic aeration in Okauchee Lake 
would involve a capital cost of about 
$300,000, with an annual operation and 
maintenance cost of about $15,000. It is 
unlikely that the effects of nonpoint 
source pollution control measures in the 
lake watershed alone would--at least for 
some years--substantially improve dis- 
solved oxygen conditions in the hypolim- 
nion. Therefore, hypolimnetic aeration 
could be implemented even prior to the 
control of nonpoint pollution sources, 
in order to provide additional and more 
immediate water quality improvement. 

Measures f o r  Contro l l ing Sediment 
Effects on Water Column and 
M a c r o ~ h v t e  G rowth  
Dredging, sediment covering, and draw- 
down for sediment consolidation serve to 
either deepen the lake or to modify the 
bottom sediments so they are less likely 
to release nutrients to the water column 
or support excessive macrophyte growth. 
Because of the relatively high cost of 
these practices, and the temporary dis- 
ruption to the lake community which 
occurs when these practices are imple- 
mented on a large scale, these practices 
are more appropriate for Lower Okauchee 
and Upper Oconomowoc Lakes, being war- 
ranted on only a very limited scale for 
Okauchee Lake. If actions to reduce nu- 
trient inflows are not fully effective 
in reducing the in-lake nutrient concen- 
tration, then additional sediment con- 
trols could be considered. Drawdown of 
Okauchee Lake itself is not practical 
because of the large amount of flow con- 
tributed to the lake by the Oconomowoc 
River and because diverting the Ocono- 
mowoc River around the lake--a distance 
of at least five miles--is not practi- 
cal. However, drawdown of Lower Okauchee 
and Upper Oconomowoc Lakes may be consi- 
dered. Total successful drawdown of 
Lower Okauchee and Upper Oconomowoc 
Lakes would require that the Oconomowoc 
River be temporarily diverted around the 
two lakes. Diversion of the Oconomowoc 
River around Lower Okauchee and Upper 
Oconomowoc Lakes is technically possible 
by the construction of a diversion chan- 
nel, about 6,000 feet in length, south 
of the two lakes as shown on Map 24. 
The channel would be constructed about 
nine feet deep, with grass-lined slopes, 
a bottom width of 25 feet, and a top 
width of 45 feet. The cost of the diver- 
sion channel would approximate $3.5 
million. In addition, there would be 
significant environmental costs which 
would have to be carefully considered. 
The construction of a diversion channel 
would require the purchase and removal 
of about four houses, construction of 
five new bridges, and changes in local 
floodland regulations. Following the 
temporary diversion of the Oconomowoc 
River around the the two lakes, Lower 
Okauchee and Upper Oconomowoc Lakes 



Map 23 

PLAN ALTERNATIVE FOR PLACEMENT OF HYPOLIMNETIC AERATION SYSTEM 
IN OKAUCHEE LAKE AND THE ZONE OF ARTIFICIAL AERATION 

could be t o t a l l y  drained by opening the 
floodgates of the Upper Oconomowoc Lake 
o u t l e t .  The water level  of Okauchee Lake 
would not be affected by t h i s  a l terna-  
t i v e .  The drawdown could increase the 
depth of these r e l a t i ve ly  shallow lakes 
by up t o  one foot.  Greater increases i n  
depth could be expected for  Lower Okau- 
chee Lake because of the  greater  organic 
content of i t s  bottom sediments, com- 
pared t o  Upper Oconomowoc Lake. The 
organic sediments, upon drying, are  more 
l i ke ly  t o  consolidate. The consolidated 
sediments could be expected t o  reduce 
macrophyte growths, reduce nutr ient  
re lease  from the bottom sediments, and 
reduce tu rb id i ty  caused by the resuspen- 
sion of s o f t ,  flocculent bottom sedi-  
ments. The drawdown would occur over 
winter and may need t o  be periodically 
repeated. Drawdown of Lower Okauchee and 

Source: SEWRPC. 

LEGEND 

HIPOLlMNETlC AERIITO- 

ZONE OF ARTIFICIAL &ERATlON 

Upper Oconomowoc Lakes and a nine-foot 
drawdown of Okauchee Lake could a l so  be 
accomplished without t he  construction of 
a diversion channel by only opening the 
Upper Oconomowoc Lake floodgates. 
However, under t h i s  a l te rna t ive ,  Okau- 
chee Lake would require 110 t o  210 days 
t o  r e f i l l  t o  normal lake levels .  

Dredging and covering the bottom sedi-  
ment with sand and/or a p l a s t i c  l in ing 
could be useful on a limited scale  t o  
eliminate excessive macrophyte growths 
i n  localized areas.  Dredging with an 
hydraulic dredge would cost about $2.00 
per cubic yard of bottom sediment 
removed. The principal areas which may 
be expected t o  benefit  from dredging 
a c t i v i t i e s  are  Ice House Bay, Tierney 
Lake, the Tierney Lake channel, and 
Upper Oconomowoc Lake, as shown on Map 



Map 24 

PLAN ALTERNATIVE FOR THE DIVERSION OF T H E  OCONOMOWOC RIVER 
AROUND LOWER OKAUCHEE LAKE AND UPPER OCONOMOWOC LAKE 

LEGEND - 01VER3ION CHANNEL 

I 

B-'oos 

Source: SEWRPC. 

25.  Dredging I c e  House Bay and Upper 
Oconomowoc Lake t o  a mean depth of 15 
f e e t ,  and Tierney Lake and t h e  Tierney 
Lake channel t o  a mean depth of 10 f e e t  
would involve a t o t a l  c a p i t a l  cos t  of 
about $ 2 . 9  mi l l ion .  This new depth 
should e l imina te  macrophyte growths over 
l a rge  por t ions  of t h e  a r e a s .  A s  an 
a l t e r n a t i v e  proposal ,  dredging a l l  of 
these  a reas  t o  a mean depth of about 10 
f e e t  would cos t  about $1.25 m i l l i o n ,  but 

would provide a lower reduct ion  i n  
macrophyte growths. However, macrophyte 
growths would s t i l l  be s i g n i f i c a n t l y  
reduced over e x i s t i n g  l eve l s  under t h i s  
l imi t ed  dredging a l t e r n a t i v e ,  and 
r e c r e a t i o n a l  oppor tun i t i e s  would not  be 
expected t o  be impaired by growth of 
macrophytes a t  t h e  water surface--based 
upon t h e  e x i s t i n g  r e l a t i o n s h i p  of mac- 
rophyte growth t o  water depth i n  var ious  
a reas  of t h e  lake.  



Map 25 

PLAN ALTERNATIVE FOR DREDGING ICE HOUSE BAY, TIERNEY LAKE, 
THE TIERNEY LAKE CHANNEL, AND UPPER OCONOMOWOC LAKE 

g::, OKAUCHEE 

Source: SEWRPC. 

Areas of Ckauchee Lake near the  Ocono- 
mowoc River i n l e t  and ou t l e t ,  and the 
northwest portion of Okauchee Lake also 
include shallow water areas which may 
benef i t  from dredging. However, the  
exis t ing macrophyte harvesting program 
 is believed t o  provide adequate control  
pf macrophytes near the  lake ou t le t  and 
the northwest portion of Okauchee Lake. 
These areas could be fur ther  considered 
for  dredging by the Okauchee Lake Man- 
agement D i s t r i c t  a t  a future  date.  The 
potent ia l  dredging area located near the  
i n l e t  encompasses about 24 acres.  Dredg- 
ing i n  t h i s  area t o  provide an average 
water depth of 8 fee t  would require re-  

LEGEND 

A R E A S  RECOMMENOET) TO BE OREWED 
TO A MEAN DEPTH OF 10 FEET 

AREAS WUlCU MAY BENEFlT FBOM 
DFLEDCINC~WHICW M A Y  BE FURTUER 
CONBlDEREO FOR OREDOlNO 8 Y  THE 
OXAUCHEEL&XEMANhOEMENT 
D I S T R I C T  

moval of about 116,000 cubic yards of 
material a t  a cost of $290,000. Based on 
the  sediment loading r a t e  t o  Okauchee 
Lake from the  Oconomowoc River and the 
accumulation of sediment as a conse- 
quence of decomposition of vegetation i n  
the  potent ia l  dredging area,  the  dredged 
area should not r e f i l l  with s i l t  and 
debris t o  its present depth for  a 
period of from 50 t o  70 years.  I t  should 
be noted tha t  the Okauchee Lake i n l e t  
l i e s  y i t h i n  a valuable wi ld l i fe  habi ta t  
which could be seriously disturbed by 
the  dredging ac t iv i ty .  Moreover, the  
presence of macrophyte growth a t  the  
lake i n l e t  may serve t o  f i l t e r  out some 



Map 26 

PLAN ALTERNATIVE FOR SEDIMENT COVERING FOR OKAUCHEE LAKE 

Source: SEWRPC. 

of the larger organic and inorganic 
materials entering the lake via the 
Oconomowoc River. 

Prior to the actual dredging of Okauchee 
Lake, the effect of the arsenic residue 
from sodium arsenite applications--made 
to the lake to control macrophyte 
growths--on groundwater quality at the 
disposal sites would need to be investi- 
gated. The effect of dredging on the 
habitat and spawning areas of a 
threatened fish species, the pugnose 
shiner, would also need to be assessed 
prior to dredging. For areas not dredged 
which do experience excessive macrophyte 

LEGEND 

growths, sediment covering could be 
used to provide a bottom substrate less 
suitable for macrophyte growth and less 
likely to release phosphorus to the 
waters. Sediment covering would cost 
about $2,000 per acre, or about $82,000 
for the areas totaling about 41 acres, 
as shown on Map 26. 

Nutrient Inactivation 
The purpose of nutrient inactivation 
is to- lj change the form of a nutrient 
to make it unavailable to plants; 2) 
remove the nutrient from the photic 
(light-penetrated) zone; and 3) prevent 
release or recycling of potentially 



available nutrients from the lake sedi- 
ments. Nutrient inactivation of phos- 
phorus, which is usually accomplished by 
application of aluminum or other metal- 
lic salt, can be conducted for the 
entire lake--if nutrients from the epi- 
limnion as well as the hypolimnion are 
to be removed--or for just the hypolim- 
nion--if only nutrients from the hypo- 
limnion are to be removed. Nutrient 
inactivation is most applicable to lakes 
which have long hydraulic residence 
times or in which recycling of phos- 
phorus from the bottom sediements is 
significant. The hydraulic residence 
time of Okauchee Lake is moderate--about 
10 months--and there is no indication 
that the amounts of phosphorus being 
released from the bottom sediments are 
having significant water quality 
effects. However, nutrient inactivation 
may be an effective technique for remov- 
ing nutrients from the water comumn of 
Okauchee Lake, if combined with water- 
shed management practices to reduce 
external phosphorus loads to the lake. 
The application of nutrient inactivation 
to the entire Okauchee Lake would cost 
aboug $120,000; application to the hypo- 
limnion would only cost about $42,000. 
The treatment could need to be repeated 
periodically. The hydraulic residence 
times of Lower Okauchee and Upper Ocono- 
mowoc Lakes are too short--only about 
four to six days--to allow for suc- 
cessful inactivation of the nutrients. 

Dilution/Flushing 
Dilution/flushing is intended to alle- 
viate excessive algal growths and asso- 
ciated problems by reducing nutrient 
levels within a lake through the re- 
placement of nutrient-rich waters with 
nutrient-poor waters, thereby flushing 
phytoplankton and the nutrients con- 
tained therein from the lake. Lake 
restoration projects have attempted nu- 
trient dilution by two procedures: 1) 
pumping water out of the lake, thus per- 
mitting the increased inflow of nutri- 
ent-poor groundwater; and 2) routing 
additional quantities of nutrient -poor 
surface waters into the lake. Dilution/ 
flushing is most applicable for lakes 
which have very long hydraulic residence 

times, so that significant natural 
flushing does not occur, or where the 
lake has received excessive pollutant 
loadings which have resulted in a highly 
eutrophic condition. In the latter case, 
once the pollution source has been 
removed, dilution/flushing may be effec- 
tive in reducing the time of water 
quality improvement in the lake. Okau- 
chee, Lower Okauchee, and Upper Ocono- 
mowoc Lakes are not highly eutrophic 
lakes and do not have excessive hydrau- 
lic residence times. Therefore, dilu- 
tion/flushing would not be expected to 
result in a significant increase in 
water quality conditions in the lakes. 

Selective Discharge 
Selective discharge has been employed 
to substantially improve the dissolved 
oxygen levels near the bottom of a lake 
and to increase the nutrient output from 
a lake by up to 25 percent. This tech- 
nique involves releasing anaerobic, nu- 
trient-rich water from the hypolimnion 
during summer stratification. This tech- 
nique may be applicable for Okauchee 
Lake, but is not applicable for Lower 
Okauchee or Upper Oconomowoc Lakes, 
which are too shallow to stratify. Typi- 
cally, the technique is readily employed 
in lakes with suitable outlet controls, 
but water may also be pumped from the 
hypolimnion and discharged downstream. 
Pumping from one site in the hypolimnion 
the equivalent of one-half of the volume 
of the hypolimnion of Okauchee Lake each 
summer, would require a capital cost of 
about $860,000 and an average annual 
operation and maintenance cost of about 
$40,000. The water quality impacts may 
be expected to be favorable. In order to 
avoid the adverse effects associated 
with discharging nutrient-rich, oxygen- 
poor water into the Oconomowoc River, 
the cost assumes discharge to a suitable 
agricultural irrigation system, two and 
one-half miles west of the lake, for 
surface discharge of the water, as de- 
picted on Map 27. If an irrigation 
system closer to the lake could be de- 
veloped, the cost of the project could 
be reduced. Prior to discharge via the 
irrigation system, it would be necessary 
to determine the degree to which arsenic 



Map 27 

PLAN ALTERNATIVE FOR THE SELECTIVE 
DISCHARGE OF WATER FROM OKAUCHEE LAKE 

residues--from h i s to r i ca l  applications 
of sodium arsen i te  f o r  macrophyte con- 
t ro l - - a r e  released t o  the  lake water 
during anaerobic conditions, and what 
e f f ec t  t h i s  arsenic would have on the  
i r r i ga t ed  vegetation and underlying 
groundwater qua l i ty .  

Aquatic Plant Harvesting 
The macrophyte harvesting pract ices  
current ly  conducted on Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes 
could be continued t o  provide desired 
open water areas.  Upon implementation of 
t he  point and nonpoint source controls 
i n  the  watershed, macrophyte growths can 
be expected t o  e i t he r  remain s t ab l e  or  
perhaps s l i gh t ly  decrease i n  the  future .  
Currently, two harvesters a r e  used by 
the  Lake Management D i s t r i c t  t o  harvest 
about 320 acres per year. An addit ional 
harvester could be used t o  provide addi- 
t i ona l  control  of macrophytes and per- 
haps reduce the  need fo r  the  use of 
chemicals. A new harvester with a seven- 
foot cu t t ing  width, a shore conveyor, 

Source: SEWRPC. 
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and a t r a i l e r  would cost  about $70,000. 
The current harvesting of the  areas 
shown on Map 28  provides su f f i c i en t  mac- 
rophyte control  f o r  the  lakes as a 
whole. An addit ional harvester could be 
used t o  provide more frequent control  of 
macrophytes i n  t he  bay areas,  which gen- 
e r a l l y  contain shallow water without a 
moving current.  The addit ional harvester 
would e n t a i l  an addi t ional  estimated an- 
nual operation and maintenance cost  of 
about $15,000. The current program re -  
moves about 400 pounds of phosphorus 
from the lakes each year. This removal 
of phosphorus could be increased by 
about 50 percent, t o  about 600 pounds 
per year,  i f  an addi t ional  harvester 
were purchased. Because macrophytes u t i -  
l i z e  nu t r ien t s  from the bottom sedi-  
ments, it i s  unlikely t h a t  a l l  of t h i s  
phosphorus would contribute t o  the  water 
qua l i ty  problems of t he  lake except i n  
t he  support of the  macrophytes them- 
selves .  I t  may be expected, however, 
t h a t  a continuing macrophyte harvesting 
program would eventually r e s u l t  i n  a 
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EXISTING AND RECOMMENDED MACROPHYTE HARVESTING IN 
OKAUCHEE, LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES: 1979 
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Source: SEWRPC , 

decrease  i n  t h e  accumulation of nu- 
t r i e n t -  and o rgan ica l ly - r i ch  bottom 
sediments.  

Algae harves t ing  has seldom been used 
f o r  l a rge - sca le ,  i n - l ake  app l i ca t ions .  
The only p r a c t i c a l  system c u r r e n t l y  
developed involves f i l t r a t i o n  of t h e  
lake  water through a screen  system such 
a s  a micros t ra iner .  A pump and micro- 
s t r a i n e r  system designed t o  t r e a t  aboot 
one-half of t h e  water i n  Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes 
each summer would e n t a i l  a c a p i t a l  cos t  
of about $5 .7  mi l l ion  and an annual 
opera t ion  and maintenance cos t  of about 
$70,000. I n  a d d i t i o n  t o  t h e  a e s t h e t i c  
improvements, harves t ing  of t h e  a lgae  a t  
t h i s  r a t e  could remove an est imated 200 
pounds of phosphorus from t h e  lakes 
annually.  

Chemical Control 
of Algae and Macrophytes 
Chemical con t ro l  of a lgae  and macro- 
phytes i s  c u r r e n t l y  p rac t i ced  on Okau- 
chee, Lower Okauchee, and Upper Ocono- 
mowoc Lakes. Chemical c o n t r o l  alone,  o r  
i n  combination wi th  harves t ing  is not 
recommended over t h e  long term unless  
o the r  prac t ices- -such as  harves t ing ,  
sediment covering,  dredging, o r  land 
management p r a c t i c e s  intended t o  reduce 
n u t r i e n t  levels - -prove  t o  b e  impract ica l  
o r  i n e f f e c t i v e .  This recommendation i s  
based upon t h e  evalua t ion  of chemical 
c o n t r o l  of macrophytes presented i n  
Chapter V I .  A l l  chemical t reatment  pro-  
grams requ i re  a permit  from t h e  Wiscon- 
s i n  Department of Natural  Resources; and 
treatment  of a reas  over one a c r e  
r equ i re s  supervis ion  by Wisconsin De- 
partment of Natural  Resources s t a f f .  



Chemical control of both algae and mac- 
rophytes at the existing application 
levels--at which about 395 acres in 
Okauchee Lake are treated--entails a 
cost of about $12,000 per year. 

Fish Management 
A well-balanced fish community is 
established in Okauchee Lake. ~lierna- 
tive future management efforts include: 

Identifying and seeking protection 
for the best remaining fish habitat 
and spawning areas in the lake, 
including areas along the Ocono- 
mowoc River upstream of Okauchee 
Lake by the local Lake Management 
District or the Wisconsin Depart- 
ment of Natural Resources. 

2. Additional stocking of northern 
pike, walleye, and other species, 
as appropriate, by the Wisconsin 

Department of Natural Resources, to 
provide continued game fish 
resources. 

3. Development of a periodic fish sur- 
veillance program for Okauchee, 
Lower Okauchee, and Upper Ocono- 
mowoc Lakes by the Wisconsin 
Department of Natural Resources, 
incl.uding a specific schedule for 
periodic fishing surveys. 

4. Conduct of a creel census (a survey 
of sport fishing) by the Wisconsin 
Department of Natural Resources to 
determine the composition of the 
angler catch and the numbers of 
each species harvested. This infor- 
mation could be correlated to the 
relative abundance of each species 
to determine if over-harvest is 
taking place. 



Chapter  I X  

RECOMMENDED PLAN 

INTRODUCTION 

This chapter ,  bui ld ing on t h e  land 
use,  land and water management, b io logi -  
c a l  and water q u a l i t y  inventory f ind-  
ings ;  po l lu t ion  source analyses;  land 
use  and populat ion fo recas t s ;  and a l t e r -  
n a t i v e  water q u a l i t y  management plan 
evaluat ions ,  presents  a recommended man- 
agement plan and i t s  projec ted  cos t s  f o r  
Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes. The plan s e t s  f o r t h  
t h e  recommended means f o r :  1) providing 
water q u a l i t y  condit ions s u i t a b l e  f o r  
t h e  maintenance of f i s h  and aquat ic  
l i f e ;  2) reducing t h e  s e v e r i t y  of e x i s t -  
ing  nuisance problems due t o  excessive 
weed growths which cons t ra in  o r  preclude 
intended water uses;  and 3)  improving 
oppor tun i t i e s  f o r  water-based recrea-  
t i o n a l  a c t i v i t i e s .  The primary water- 
based rec rea t iona l  a c t i v i t i e s  on t h e  
lake  a r e  f i s h i n g ,  swimming, and p lea-  
s u r e  boating.  An ana lys i s  of t h e  s t a t u s  
and condit ion of these  r ec rea t iona l  ac- 
t i v i t i e s  indica ted  t h a t  t h e  lakes sup- 
p o r t  a v i a b l e  warm water f i s h e r y ,  but 
swimming and boating oppor tuni t ies  a r e  
hampered t o  a c e r t a i n  ex ten t  by exces- 
s i v e  macrophyte growth. Consequently, a 
por t ion  of t h e  recommended management 
p lan  and t h e  a l t e r n a t i v e s  i s  d i rec ted  
more toward improving swimming and plea-  
s u r e  boating oppor tuni t ies  and, t o  a 
l e s s e r  degree, toward t h e  maintenance 
and improvement of o ther  uses on Okau- 
chee, Lower Okauchee, and Upper Ocono- 
mowoc Lakes. 

The p lan  recommendations were developed 
through an evaluat ion of t h e  many tan-  
g i b l e  and in tang ib le  f a c t o r s  bearing 
upon water po l lu t ion  con t ro l  f o r  these  
lakes .  The primary emphasis of t h e  plan 
is placed,  however, upon t h e  degree t o  
which t h e  water use objec t ives  a r e  met, 
and upon t h e  cos t -ef fec t iveness  of t h e  

recommended measures and of a l t e r n a t i v e s  
t h e r e t o .  The plan development process 
involved review of prel iminary d r a f t s  of 
t h e  recommended plan by t h e  Okauchee 
Lake Management D i s t r i c t  and by o the r  
government o f f i c i a l s .  

LAND USE 

A bas ic  element of sound water q u a l i t y  
management f o r  Okauchee, Lower Okauchee, 
and Upper Oconomowoc Lakes i s  t h e  sound 
use of t h e  lands ly ing i n  t h e  drainage 
area  t r i b u t a r y  t o  t h e  t h r e e  lakes.  The 
type and locat ions  of f u t u r e  urban and 
r u r a l  land uses i n  t h e  drainage area  
w i l l  determine t o  a considerable degree 
t h e  charac ter ,  magnitude, and d i s t r i b u -  
t i o n  of nonpoint sources of po l lu t ion ;  
t h e  p r a c t i c a l i t y  o f ,  as  well  a s  t h e  need 
f o r ,  various forms of land management; 
and u l t ima te ly ,  t h e  water q u a l i t y  con- 
d i t i o n  of the  lakes .  

The bas i s  f o r  t h e  land use recommenda- 
t i o n s  s e t  f o r t h  i n  t h i s  repor t  is  t h e  
adopted regional  land use p lan ,  a s  s e t  
f o r t h  i n  SEWRPC Planning Report No. 25, 
A Regional Land Use Plan and A Regional - - 
Transportat ion Plan f o r  Southeastern 
Wisconsin: 2000. The regional  land use 
plan--as shown i n  graphic summary form 
on Map 14- -recommends t h a t  some addi-  
t i o n a l  urban land use development occur 
pr imar i ly  a t  low d e n s i t i e s  i n  t h e  lake 
drainage area  through t h e  year  2000. 

The prime a g r i c u l t u r a l  lands located 
nor th  of Okauchee Lake a r e  recommended 
t o  be preserved i n  a g r i c u l t u r a l  use.  
Cer ta in  lands immediately surrounding 
t h e  t h r e e  lakes ,  t h e  land along the  
Oconomowoc River, and a few small ,  s c a t -  
t e r e d  areas  a r e  recommended t o  be per-  
manently preserved i n  e s s e n t i a l l y  
n a t u r a l ,  open uses as  environmental 
c o r r i d o r .  



The regional  land use p lan  can be an 
e f f e c t i v e  t o o l  f o r  water q u a l i t y  preser-  
va t ion  and enhancement only i f  loca l  
ac t ion  i s  taken t o  adopt and implement 
t h e  p lan .  The Towns of Oconomowoc and 
Merton, together  with Waukesha County, 
have primary au thor i ty  f o r  l o c a l  land 
use planning and plan implementation i n  
r e l a t i v e l y  l a rge  por t ions  of t h e  Okau- 
chee Lake, Lower Okauchee Lake, and 
Upper Oconomowoc Lake d i r e c t  drainage 
a rea .  In  add i t ion ,  t h e  Ci ty  of Dela- 
f i e l d ,  t h e  Vil lages of Chenequa and 
Oconomowoc Lake, and t h e  Town of Summit 
have l o c a l  land use planning au thor i ty  
f o r  t h e  very small por t ions  of the  
drainage a rea  which l i e  wi th in  these  
c i v i l  d iv i s ions .  

ZONING ORDINANCE MOD1 F lCAT lON 

A s  noted i n  Chapter V,  an abundance of 
va luable  n a t u r a l  resource base f ea tu res  
a r e  located wi th in  t h e  Okauchee Lake 
d i r e c t  drainage a rea .  In  order  f o r  t h e  
e x i s t i n g  zoning ordinances t o  be an e f -  
f e c t i v e  t o o l  f o r  t h e  preservat ion  of 
these  n a t u r a l  resource f e a t u r e s ,  a s  rec-  
ommended i n  t h e  water q u a l i t y  management 
plan f o r  Okauchee Lake, c e r t a i n  modifi- 
ca t ions  t o  t h e  ordinances a r e  requi red .  
A s  previously noted,  t h e  responsib le  
o f f i c i a l s  i n  Waukesha County and i n  t h e  
s i x  c i v i l  d iv i s ions  located wi th in  t h e  
Okauchee Lake d i r e c t  drainage area  
should c r i t i c a l l y  review t h e  e x i s t i n g  
zoning ordinances and accompanying zon- 
ing  d i s t r i c t  maps and amend and modify 
t h e  ordinances and d i s t r i c t  maps as  
necessary t o  b e t t e r  preserve and enhance 
t h e  e x i s t i n g  n a t u r a l  resource base i n  
t h e  d i r e c t  drainage area .  

The following zoning d i s t r i c t s  and 
a t tendant  regula t ions  should be con- 
s ide red  f o r  inc lus ion i n  any modifica- 
t i o n  of t h e  e x i s t i n g  ordinances and 
d i s t r i c t  maps. The areas of land which 
should be placed i n  each of t h e  zoning 
d i s t r i c t s  a r e  shown on Map 29, a r e  
quan t i f i ed  by c i v i l  d iv i s ions  i n  Table 
31, and a r e  compared with e x i s t i n g  zon- 
ing  p r a c t i c e s  i n  Table 32. 

Lowland Conservancy D i s t r i c t  
A Lowland Conservancy D i s t r i c t  should be 
used t o  preserve ,  p r o t e c t ,  and enhance 
wetland areas  of t h e  d i r e c t  drainage 
a rea .  No new urban development would be 
permit ted i n  t h i s  d i s t r i c t .  I t  i s  pro- 
posed t h a t  193 ac res ,  o r  about 6 percent  
of t h e  d i r e c t  drainage a rea ,  be included 
i n  a Lowland Conservancy D i s t r i c t .  The 
193 acres  a r e  located i n  t h e  Town of 
Merton and t h e  Vi l lage  of Oconomowoc 
Lake, both wi th in  Waukesha County. 

The e x i s t i n g  C -  1 Conservancy D i s t r i c t  
applied i n  t h e  Town of Merton i s  deemed 
adequate t o  p ro tec t  approximately 166 
acres  of wetlands and can continue t o  be 
used f o r  t h i s  purpose. However, a Low- 
land Conservancy D i s t r i c t  should be i n -  
cluded i n  t h e  Vi l lage  of Oconomowoc Lake 
zoning ordinance as a new zoning d i s -  
t r i c t  t o  p ro tec t  t h e  approximately 27 
acres  of wetland cur ren t ly  zoned f o r  
r e s i d e n t i a l  uses which a r e  located 
wi th in  t h e  d i r e c t  drainage a rea .  

Upland Conservancy D is t r i c t  
An Upland Conservancy D i s t r i c t  should be 
used t o  preserve ,  p r o t e c t ,  and enhance 
t h e  remaining s i g n i f i c a n t  woodlands, r e -  
l a t e d  scenic  a reas ,  and marginal farm- 
lands of t h e  d i r e c t  drainage area ,  while 
allowing f o r  r u r a l  e s t a t e  type res iden-  
t i a l  development t h a t  would help  t o  
maintain t h e  r u r a l  charac ter  of por t ions  
of t h e  Okauchee Lake drainage a rea .  I t  
i s  proposed t h a t  215 ac res ,  o r  about 6 
percent  of t h e  d i r e c t  drainage a rea ,  be 
included i n  an Upland Conservancy D i s -  
t r i c t .  The 215 acres a r e  located i n  t h e  
Towns of Merton and Oconomowoc and t h e  
Vi l lage  of Oconomowoc Lake, a l l  wi th in  
Waukesha County. 

Under t h e  e x i s t i n g  zoning ordinances 
administered wi th in  t h e  d i r e c t  drainage 
a rea ,  approximately 42 acres  of t h e  
t o t a l  215 acres  proposed f o r  inc lus ion 
i n  an Upland Conservancy D i s t r i c t  a r e  
cu r ren t ly  included i n  a g r i c u l t u r a l  d i s -  
t r i c t s ,  one ac re  is  cur ren t ly  i n  a con- 
servancy d i s t r i c t ,  and t h e  remaining 172 
acres  a r e  included i n  r e s i d e n t i a l  d i s -  



Map 29 

PROPOSED ZONING DISTRICTS FOR THE DRAINAGE AREA 
DIRECTLY TRIBUTARY T O  OKAUCHEE, 

LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES 

Source: SEWRPC. 
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t r i c t s .  An Upland Conservancy Di s t r i c t  ban land uses. Agricultural-related in -  
would be included i n  the  Town of Merton, dus t r i a l  use, such as a cheese factory, 
t he  Town of Oconomowoc, and the Village food processing plant ,  or  agr icul tural  
of Oconomowoc Lake zoning ordinances as supply center, could be permitted as 
a new zoning d i s t r i c t .  conditional uses i n  t h i s  d i s t r i c t .  

Agricultural Preservation District 
An Agricultural Preservation Di s t r i c t  
should be used t o  preserve and enhance 
lands within the d i r ec t  drainage area 
h i s to r i ca l ly  used for  agr icul tural  pur- 
poses. Such a d i s t r i c t  should provide 
for  a minimum parcel  s i z e  of 35 acres,  i n  
order t o  preserve workable farm uni t s ,  
and should prohibit  the  intrusion of ur-  

About 1,115 acres,  or  about 33 percent 
of the d i r ec t  drainage area, should be 
included i n  the Agricultural Preserva- 
t ion  Di s t r i c t .  The 1,115 acres are  
located i n  t he  Towns of Merton and 
Oconomowoc, i n  Waukesha County. 

Under exis t ing ordinances administered 
within the d i rec t  drainage area,  291  



Table 31 

PROPOSED ZONING MODIFICATIONS BY C IV IL  DIVISION IN 
THE DRAINAGE AREA DIRECTLY TRIBUTARY TO 

OKAUCHEE, LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES 

T a m  o f  
Ocwam*oc 

V i l l a g e  o f  
Ocommwac 
Lake 

V i  l lage o f  
hnequa 

C i t y  o f  
D e l a f i e l d  

T o m  Of 
Merton 

T a m  o f  
h i t  

C i v i  I 
D i v i s i o r s  

Table 32 

SUMMARY OF PROPOSED ZONING MODIFICATIONS IN THE DRAINAGE 
AREA DIRECTLY TRIBUTARY TO OKAUCHEE, 

LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES 

R q m s e d  Zonirg D i s t r i c t s  

To ta l  

To ta l  D i r e c t  
T r i b u t a r y  

h - a l n q e  Area 

Source: SEWRPC. 

1 9 3  5 . 7  

a 
Includes h s i n e s s ,  Ibbnufactur i tg ,  and Park and Recreat ion D i s t r i c t s .  

Source: SEWRPC. 

Acres 

Proposed Zon i rg 
D i s t r i c t s  

Lowland 
Conservancy . . . 

Up l and 
Conservancy. . . 

Park and 
Recreation.. . . 

Agr i c u l  t u ra  I 
Pr ese rva t i on. . 

Genera I 
bgr i c u l  ture. .  . 

Low-Dens i ty 
Res iden t ia l .  .. 

Med i m D e n s  i t y  
Res iden t ia l  . . . 

To ta l  

Percent 

M e d l m C e r s i  t y  
Resident la1 

215 

L w D e r s i  t y  
Resident ia l  

Acres 

b l a n d  
Conse wancy 

Acres 

Percent o f  
( r a i n q e  

Area Acres 

6.4 

E x i s t i q  Zoning C l a s s i f i c a t i o n s  (acres)  

Percent of 
( r a i n q e  

Area 

w l a n d  
Conservancy 

Percent o f  
Dra i n q e  

Area 

108 1 3 . 2  11 ,115  33.1 400 1 11.9 1 , 1 9 4  35.5 1 141 1 4.2 3 . 3 6 6  100.0 

To ta l  
Acres 

193 
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4 2 
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6 

29 1 
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o the ra  

- - 

-- 

102 

5 

36 

55 

2 0 

218 
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(rainage 

Area Acres 

Percent of 
Drainage 

Area 



acres  of t h e  t o t a l  1,115 acres  a r e  
cu r ren t ly  included i n  r e s i d e n t i a l  d i s -  
t r i c t s ,  9 acres a r e  included i n  conser- 
vancy d i s t r i c t s ,  5 acres  a r e  included i n  
a business d i s t r i c t ,  and t h e  remaining 
810 acres  a r e  included i n  a g r i c u l t u r a l  
d i s t r i c t s .  These a g r i c u l t u r a l  d i s -  
t r i c t s ,  however, permit r e s i d e n t i a l  de- 
velopment on l o t s  of t h r e e  acres o r  more 
i n  s i z e  i n  both t h e  Town of Merton and 
t h e  Town of Oconomowoc and a r e ,  i n  f a c t ,  
r e s i d e n t i a l  use and not Agr icul tura l  
Preservat ion D i s t r i c t s .  An Agr icul tura l  
Preservat ion D i s t r i c t  should be included 
i n  t h e  Town of Merton, t h e  Town of 
Oconomowoc, and t h e  Waukesha County zon- 
ing  ordinances as a new zoning d i s t r i c t .  

General Agr icu l tura l  D is t r ic t  
A General Agr icul tura l  D i s t r i c t  should 
be used t o  preserve and p ro tec t  open 
space lands i n  areas  having marginal 
farmland value,  while a t  t h e  same time 
allowing f o r  e s t a t e - type  r e s i d e n t i a l  
development t h a t  maintains t h e  r u r a l  
charac ter  of t h e  countryside.  Such a 
d i s t r i c t  should provide f o r  a minimum 
l o t  s i z e  of 10 acres and would permit a 
mixture of farm s i t e  and es ta t e - type  
r e s i d e n t i a l  uses .  

I t  i s  proposed t h a t  400 ac res ,  o r  about 
12 percent  of t h e  d i r e c t  drainage a rea ,  
be included i n  a General Agr icul tura l  
D i s t r i c t .  The 400 acres  a r e  located i n  
t h e  Town of Merton and Oconomowoc, t h e  
City of Delaf ie ld ,  and t h e  Vi l lage  of 
Chenequa. 

Under t h e  e x i s t i n g  zoning ordinances ad- 
ministered wi th in  t h e  d i r e c t  drainage 
a rea ,  approximately 172 acres of t h e  
t o t a l  400 acres a r e  included i n  a g r i -  
c u l t u r a l  d i s t r i c t s ,  186 acres  a r e  in -  
cluded i n  r e s i d e n t i a l  d i s t r i c t s ,  36 
acres i n  business and manufacturing d i s -  
t r i c t s ,  and 6 acres  i n  conservancy 
d i s t r i c t s .  The General Agr icul tura l  D i s -  
t r i c t  should be included i n  t h e  Towns of 
Merton and Oconomowoc, t h e  Ci ty  of Dela- 
f i e l d ,  and t h e  Vil lage of Chenequa zon- 
ing ordinances as a new zoning d i s t r i c t .  

Low-Density Urban and Medium- 
Densitv Urban Residential Distr ic ts 
Low- and Medium-Density Urban Res iden- 
t i a l  D i s t r i c t s  a r e  used t o  preserve and 
p ro tec t  e x i s t i n g  and proposed residen- 
t i a l  a reas  wi th in  a physical  environment 
t h a t  is  heal thy ,  s a f e ,  convenient,  and 
a t t r a c t i v e .  About 1,194 ac res ,  o r  about 
36 percent of t h e  d i r e c t  drainage a rea ,  
should be included wi th in  a Low-Density 
Urban Resident ia l  D i s t r i c t .  About 141 
a c r e s ,  o r  4 percent of t h e  d i r e c t  dra in-  
age a rea ,  should be included wi th in  a 
Medium-Density Urban Resident ia l  Dis t -  
r i c t .  The Commission def ines  low-den- 
s i t y  urban r e s i d e n t i a l  land use as 
approximately 0.7 t o  2.2 dwelling u n i t s  
per  ne t  r e s i d e n t i a l  ac re ,  and medium- 
dens i ty  urban r e s i d e n t i a l  land use as  
approximately 2 .3  t o  6.9 dwelling u n i t s  
per  ne t  r e s i d e n t i a l  ac re .  

Under t h e  e x i s t i n g  zoning ordinances 
administered wi th in  t h e  d i r e c t  drainage 
a r e a ,  1,243 acres  a r e  i n  r e s i d e n t i a l  
d i s t r i c t s ,  75 acres a r e  i n  park,  busi-  
ness ,  and manufacturing d i s t r i c t s ,  9 
acres  a r e  i n  general  conservancy d i s -  
t r i c t s ,  and 8 acres a r e  i n  a g r i c u l t u r a l  
d i s t r i c t s .  

Park and Recreation Dis t r ic t  
A Park and Recreation D i s t r i c t  should 
be used t o  properly zone e x i s t i n g  
rec rea t ion  land uses i n  t h e  d i r e c t  
drainage area  and t o  p ro tec t  them from 
poss ib le  encroachment by o the r  l e s s  
des i rab le  o r  incompatible land uses.  
This category would p roh ib i t  t h e  conver- 
s i o n  of a p r i v a t e  r ec rea t iona l  s i t e  t o  
urban o r  o ther  incompatible uses without 
town approval. About 108 ac res ,  o r  about 
3 percent of t h e  d i r e c t  drainage a rea ,  
should be included i n  t h i s  d i s t r i c t .  

Under e x i s t i n g  zoning ordinances admin- 
i s t e r e d  wi th in  t h e  d i r e c t  drainage a rea ,  
approximately 102 acres of t h e  108 acres 
proposed t o  be zoned f o r  park and rec-  
r e a t i o n  use a r e  cu r ren t ly  included i n  
publ ic  d i s t r i c t s ,  and s i x  acres  a r e  cur-  
r e n t l y  included i n  r e s i d e n t i a l  d i s -  



t r i c t s .  The Park and Recreation D i s t r i c t  
would be included i n  t h e  Town of Merton 
and t h e  Town of Oconomowoc zoning o r d i -  
nances a s  a  new zoning d i s t r i c t  and 
would n e c e s s i t a t e  t h e  modificat ion of 
t h e  P-1 Public  D i s t r i c t  p resen t ly  i n -  
cluded i n  t h e  e x i s t i n g  aforementioned 
zoning ordinances.  Thus, only e x i s t i n g  
and proposed publ ic  and p r i v a t e  park and 
outdoor r ec rea t ion  s i t e s  would be placed 
i n  t h e  Park and Recreation D i s t r i c t ,  
while governmental and i n s t i t u t i o n a l  
land uses i n  t h e  towns could be r e -  
t a ined  i n  t h e  e x i s t i n g  P-1 Public 
D i s t r i c t s .  

NONPOINT SOURCE POLLUTION 
CONTROL AND LAKE MANAGEMENT 

The water q u a l i t y  management p lan  f o r  
t h e  lakes must address methods f o r  r e -  
ducing t h e  n u t r i e n t  loading t o  t h e  lake 
from nonpoint sources,  and techniques 
f o r  r e l a t e d  water q u a l i t y  r e h a b i l i t a -  
t i o n .  A described below, t h e  implementa- 
t i o n  of nonpoint source con t ro l s  and 
lake  r e h a b i l i t a t i o n  techniques r equ i re  
urban nonpoint source con t ro l  p r a c t i c e s ,  
a g r i c u l t u r a l  land management p r a c t i c e s ,  
and increased regu la t ion  of c e r t a i n  land 
management a c t i v i t i e s .  Technical and 
f i n a n c i a l  a s s i s t ance  from s t a t e  and 
fede ra l  u n i t s  of government w i l l  a l s o  
be required t o  implement such p rac t i ces  
and regu la t ions .  

Okauchee Lake Management D is t r i c t  
I t  is  recommended t h a t  t h e  Okauchee 
Lake Management D i s t r i c t ,  formed under 
t h e  provisions of Chapter 33, Wisconsin 
S t a t u t e s ,  serve  as t h e  lead agency i n  
t h e  continued study and management of 
t h e  Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes. In  addi t ion  t o  i t s  
important r o l e  i n  t h e  implementat ion of 
s p e c i f i c  management measures, it is  
recommended t h a t  t h e  D i s t r i c t  coordinate 
t h e  plan implementation a c t i v i t i e s  of 
l o c a l  and s t a t e  agencies and p r i v a t e  
c i t i z e n s  wi th in  t h e  lake  drainage a rea .  

I t  is  a l s o  recommended t h a t  t h e  Lake 
D i s t r i c t  conduct a  continuing in -  lake  
water q u a l i t y  sampling program t o  a s sess  
t h e  e f f e c t s  of implemented lake  manage- 
ment measures. This sampling program 
should cons i s t  a t  l e a s t  of t h e  measure- 

ment of so lub le  and t o t a l  phosphorus; 
n i i ; r i t e -  and n i t r a t e - n i t r o g e n ;  ammonia 
n i t rogen;  organic n i t rogen;  chloro-  
phyll-a-; and water c l a r i t y ,  and t h e  de- 
velopment of temperature and dissolved 
oxygen p r o f i l e s  a t  l e a s t  twice each sum- 
mer and once each sp r ing  turnover.  These 
d a t a  should be obtained a t  t h e  deepest 
point  i n  t h e  lakes .  I n  addi t ion ,  a  sed i -  
ment sampling and analys is  program t o  
evaluate  t h e  depths of chemical res idues  
should a l s o  be i n i t i a t e d .  Lake f reeze-  
up and thaw da tes ,  a s  well  a s  snow cover 
condi t ions ,  should be recorded annually. 
P r e c i p i t a t i o n  and water l e v e l  should 
a l s o  be recorded on a  weekly b a s i s .  Such 
a  da ta  c o l l e c t i o n  program would have an 
estimated cos t  of about $900 per  year .  
Surveys of f i s h ,  macrophytes, a lgae ,  and 
o the r  b i o t a  should be conducted per iodi -  
c a l l y ,  e i t h e r  by o r  with t h e  t echn ica l  
a s s i s t ance  of t h e  Wisconsin Department 
of Natural Resources. This evaluat ion 
should examine any poss ib le  long-term 
adverse e f f e c t s  of chemical t reatment 
f o r  macrophyte con t ro l .  

I t  i s  a l s o  recommended t h a t  t h e  Lake D i s -  
t r i c t  inves t iga te  and consider coor- 
d ina t ing  regu la t ion  of water-based 
a c t i v i t i e s .  Surveys of lake d i s t r i c t  
r e s iden t s  conducted by t h e  Lake D i s t r i c t  
have shown t h e  need f o r  warning buoys, 
boat speed l i m i t a t i o n s ,  waterski ing re -  
s t r i c t i o n s ,  noise  reduction,  and boat 
type regula t ion .  Implementation of ap- 
p ropr ia t e  ordinances could serve  t o  r e -  
duce lake use c o n f l i c t s .  

Urban Nonpoint 
Source Pollution Controls 
The implement a t  ion of nonpoint source 
con t ro l s  i n  urban areas  requi res  t h e  
e f f o r t s  of t h e  Waukesha County Board of 
Supervisors ,  t h e  Waukesha County Board 
of Health,  t h e  Waukesha County S o i l  and 
Water Conservation D i s t r i c t ,  t h e  Ci ty  of 
De la f i e ld ,  t h e  Vil lages of Chenequa and 
Oconomowoc Lake, and t h e  Okauchee Lake 
Management D i s t r i c t .  The recommended 
r e s p o n s i b i l i t i e s  of each of these  
governmental agencies--consistent  with 
t h e i r  l e g a l  a u t h o r i t i e s  under e x i s t i n g  
s t a t e  and fede ra l  laws--are summarized 
i n  Table 33. The s p e c i f i c  management 
i s sues  and ob jec t ives  f o r  t h e  methods of 
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nonpoint source po l lu t ion  control  
including t he  development of s e p t i c  tank 
systems management programs, construc- 
t i o n  erosion programs, and development 
and implementation of urban land man- 
agement p r ac t i c e s ,  a r e  discussed below. 

Provide Fiscal 
Scpport to 

So i landwater  
Conservation 

D is t r ic t  

X 

-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

S e ~ t i c  Tank Svstem Manaaement Pro- 
gram: The bas ic  object ive  of a s e p t i c  
tank system management program is  t o  

Review 
k b l i c  Works 
Maintenance 

Pract ices 

-- 

-- 

-- 
X 
X 
X 

X 
X 
X 
X 

Conduct 
Mucat ional 

and 
l n f o m t  ional 

Prcgran 

X 

X 

-- 

X 
X 
X 

X -- 
-- 
-- 

Urban Nonp in t  Source 
Management bency  

Waukesha County ........... 
Waukesha County 

Board o f  Health .......... 
Waukesha County 

Soi l and Water 
Conservation D i s t r i c t . . . .  

Okauchee Lake 
Management D is t r ic t  ...... 

Ci ty  o f  Delaf ie ld. .  ....... 
Vi I lage of Chenequa ....... 
Vi I lage o f  

Oconamw~c Lake .......... 
Tow of k r t o n  ............ 
Tow of 0concnw.o~. ....... 
Tow of  Sunnit ............ 

ensure t he  proper i n s t a l l a t i o n ,  opera- 
t i o n ,  and maintenance of ex i s t ing  s e p t i c  
tank systems, and of any new systems 
t h a t  may be required t o  serve ex i s t ing  
urban devel~pment i n  t he  drainage area  
d i r e c t l y  t r i b u t a r y  t o  Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes. 
I t  is  important t h a t  a s e p t i c  tank sys-  
tem management program be conducted i n  
t h e  lake drainage area  u n t i l  recommended 
san i ta ry  sewer se rv ice  i s  provided. 

Provide 
Tech ica l  
Assistance 

-- 
-- 

X 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

A s e p t i c  tank system management program 
i s  recommended t o  consis t  of a t  l e a s t  
t h e  following act ions  t o  assure proper 
management of these  s e p t i c  systems which 
would not be eliminated by t he  recom- 
mended cen t ra l i zed  san i ta ry  sewer 
system: 

Loca I 
Land Use 
Plannirg 

and 
Zonirg 

X 

-- 

-- 
-- 

X 
X 

X 
X 
X 
X 

1. The revis ion of t he  Waukesha County 
san i ta ry  ordinance t o  include regu- 
l a t i on  of t h e  operation and main- 
tenance of ons i t e  sewage disposal  
systems, including s e p t i c  tanks,  
holding tanks,  "mound" systems o r  
o ther  systems approved by the  
applicable s t a t e  regula t ions .  

2 .  The establishment through such 
san i ta ry  ordinances of a regular  
program of inspec t ion '  of ons i t e  
sewage disposal  systems by t h e  Wau- 
kesha County Board of Health. Such 
a program would include t he  v i sua l  
inspection of each ons i t e  sewage 
disposal  system by t ra ined  indivi -  
duals .  The purpose of t he  inspec- 
t i o n  would be t o  iden t i fy  any 
malfunctioning sewage disposal  sys- 
tem. Each system should be in-  
spected once every f i ve  years and, 
accordingly, one- f i f th  of a l l  such 
systems should be inspected an- 
nual ly .  The inspection program 
would r e s u l t  i n  t he  issuance of 
orders as necessary t o  abate i m -  
proper p rac t i ces  and take  appro- 
p r i a t e  cor rec t ive  measures. 

Uxlertake 
Septic 
System 

Managent 
Prcgran 

-- 

X 

-- 

-- 
-- 
-- 

-- 
-- 
-- 
-- 

Undertake 
Construct ion 

Erosion 
Control 
Prqlran 

X 

-- 

-- 
-- 
X 
X 

X 
-- 
-- 
-- 



3 .  The continuation of an educational  
program whereby homeowners and 
developers would be advised of t h e  
r u l e s  and regula t ions  governing t h e  
i n s t a l l a t i o n  and operat ion of on- 
s i t e  sewage d isposal  systems and 
would be encouraged t o  undertake 
preventive maintenance measures. 

Construct ion Erosion Control Program: 
I t  i s  recommended t h a t  Waukesha County. - .  
t h e  Ci ty  of Delaf ie ld ,  t h e  Vil lages of 
Chenequa and Oconomowoc Lake, and t h e  
Towns of Merton, Oconomowoc, and Summit 
undertake s t e p s  t o  ensure t h e  reduction 
of water po l lu t ion- -pa r t i cu la r ly  nu- 
t r i e n t  po l lu t ion  associa ted  with t h e  in -  
t roduct ion  of phosphorus--as a  r e s u l t  of 
s o i l  e ros ion from land undergoing a 
change i n  use and r e l a t e d  const ruct ion  
a c t i v i t y .  I t  i s  recommended t h a t  these  
designated urban management agencies 
e s t a b l i s h  cons t ruct ion  erosion contro l  
programs and review t h e i r  subdivision 
regu la t ions ,  zoning ordinances, and 
bui ld ing codes f o r  t h e  inc lus ion of ap- 
p r o p r i a t e  erosion contro l  measures, i n  
order  t o  assure  t h a t  such regula t ions ,  
ordinances,  and codes taken together  
address adminis t ra t ive  procedures, ero-  
s ion  con t ro l  performance s tandards ,  and 
enforcement provis ions .  

I t  is  recommended t h a t  t h e  ordinances be 
properly expanded t o  requi re  t h e  submit- 
t a l  of an erosion contro l  plan by land 
developers and t h a t  t h e  eros ion con t ro l  
p lan  be reviewed and approved by t h e  
county S o i l  and Water Conservation D i s -  
t r i c t .  I t  i s  recommended t h a t  each 
designated agency adopt t h e  appropr ia te  
ordinance modificat ions;  r equ i re  t h e  
submit ta l  of erosion con t ro l  plans f o r  
a l l  cons t ruct ion  p r o j e c t s ;  and review 
such plans with t echn ica l  a s s i s t ance  
from t h e  S o i l  and Water Conservation 
D i s t r i c t s ,  i n  conjunction with l o c a l  
municipal engineers.  Fur ther ,  each 
designated urban management agency 
should provide f o r  t h e  proper enforce-  
ment, through inspect ion ,  of t h e  eros ion 
con t ro l  measures t o  be implemented. The 
review and evaluat ion of t h e  plans and 
con t ro l  measures implemented should be 
based on c r i t e r i a  s e t  f o r t h  i n  t h e  S o i l  

and Water Technical Guide of t h e  S o i l  
Conservation Service of t h e  U.S. Depart- 
ment of Agr icul ture .  Enforcement would 
be through t h e  land subdivis ion ,  zoning, 
and bui ld ing code approval a u t h o r i t i e s  
of each designated management agency. 
Upon reques t ,  t h e  Southeastern Wisconsin 
Regional Planning Commission, which has 
published model ordinances i n  Appendices 
H through M of SEWRPC Planning Guide No. 
5 ,  Floodland and Shoreland Development 
Guide, can a s s i s t  i n  t h e  development of 
t h e  required regula t ions .  

Deve lo~ment  and lm~lementat ion of  Urban 
Land ~ a n a ~ e m e n t  practices: The develop- 
ment of urban nonpoint source po l lu t ion  
abatement p r a c t i c e s  should be a h ighly  
loca l i zed ,  d e t a i l e d ,  and individual ized  
e f f o r t .  I t  requi res  highly s p e c i f i c  
knowledge of t h e  physica l ,  managerial, 
s o c i a l ,  and f i s c a l  cons idera t ions  t h a t  
a f f e c t  t h e  l o c a l  landowners concerned. 
Accordingly, it i s  recommended t h a t  t h e  
Okauchee Lake Management D i s t r i c t  work 
wi th  property owners t o  a t t a i n  appl ica-  
t i o n  of t h e  land management p rac t i ces  
recommended he re in ,  a s  necessary to 
e f f e c t  an approximately 25 percent  
reduct  ion i n  urban nonpoint source pol  - 
l u t  ion runoff .  

I t  is  recommended t h a t  the  Lake Manage- 
ment D i s t r i c t ,  i n  cooperation with t h e  
Ci ty  of Delaf ie ld  and t h e  Vil lages of 
Chenequa and Oconomowoc Lake, i d e n t i f y  
t h e  s p e c i f i c  sources of nonpoint source 
po l lu t ion  within t h e  urban areas  of t h e  
watershed and develop programs t o  imple- 
ment measures t o  cont ro l  these  s p e c i f i c  
sources.  These designated agencies 
should inventory and assess  t h e  e x i s t i n g  
land management p rac t i ces  and determine 
t h e  extent  and locat ion  of problem 
a reas .  Fur ther ,  t h e  appropriate pol lu-  
t i o n  cont ro l  measures f o r  these  problem 
areas and t h e  estimated ef fec t iveness  
and cos t s  of these  cont ro l  measures 
should be assessed.  F ina l ly ,  a  program 
f o r  implementing and f inancing t h e  
recommended contro l  measures should be 
developed. 

I t  i s  recommended t h a t  urban nonpoint 
source con t ro l  measures implemented, a s  
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appl icable ,  throughout t he  drainage area  
t r i b u t a r y  t o  Okauchee, Lower Okauchee, 
and Upper Oconomowoc Lakes include: 1)  a 
publ ic  education program t o  provide 
information on t he  re la t ionsh ip  of land 
management p rac t i ces  t o  water qua l i ty ;  
2)  improved s t r e e t  cleaning and mainten- 
ance; 3) t h e  proper co l l ec t ion  and d i s -  
posal  of leaves,  grass  c l ippings ,  and 
other  vegeta t ive  debr is ;  4) the  proper 
use of f e r t i l i z e r s ,  pes t i c ides ,  and 
other  lawn care  measures; 5) improved 
refuse  co l l ec t ion  and disposal ;  6 )  t h e  
proper vegeta t ive  management of near- 
shore areas ;  7 )  t h e  adequate maintenance 
of storm water drainage di tches  and 
storm sewer systems, including discharge 
s i t e s ;  8)  t he  proper d isposal  of l i t t e r  
and pet  wastes; and 9 )  o ther  measures as  
l oca l l y  i den t i f i ed .  I t  is recommended 
t h a t  a publ ica t ion ident i fy ing spec i f i c  
r e s i den t i a l  land management p rac t i ces  
benef ic ia l  t o  water qua l i t y  be prepared 
and d i s t r i bu t ed  t o  property owners with 
t h e  ass i s t ance  of t he  University of W i s -  
consin-Extension Service. I t  is  fu r the r  
recommended t h a t  t he  designated agencies 
seek technical  a ss i s t ance  i n  t h e  pre- 
para t ion and implementation of t h e  
aforementioned de ta i l ed  p rac t i ces  from 
the  Waukesha County So i l  and Water Con- 
servat ion D i s t r i c t ,  and a l so  seek a s s i s -  
tance i n  t he  form of publ ic  education 
and information programs from the  Wau- 
kesha County o f f i c e  of t h e  University of 
Wiscons in-Extens ion Service. 

P r w i d e  F i sca l  
Support t o  

So i l  and Water 
Conservat ion 

D i s t r i c t  

X 

-- 

X 

Rural Nonpoint 
Sou rce Pollution Controls 
The implement a t  ion of nonpoint source 
po l lu t ion  controls  i n  r u r a l  areas 
requires  t he  cooperative e f f o r t s  of t he  
Okauchee Lake Management D i s t r i c t ,  Wau- 
kesha County, and t he  Waukesha County 
So i l  and Water Conservation D i s t r i c t .  
The recommended r e s p o n s i b i l i t i s  of each 
governmental agency a r e  s e t  f o r t h  i n  
summary form i n  Table 34. 

P r w i d e  
Technical 
Assistance 

-- 

X 

-- 

h r a l  Nonpoint Source 
Management Agency 

Waukesha County ............ 
Waukesha County 

S o i l  .and Water 
Conservat ion D i s t r i c t .  .... 

Okauchee Lake 
Management D i s t r i c t . . . . . . .  

A s  with urban nonpoint source po l lu t ion  
abatement p rac t i ces ,  the  development of 
r u r a l  nonpoint source po l lu t ion  abate-  
ment p rac t i ces  should be a highly loca l -  
ized,  de ta i l ed ,  and individualized 
e f f o r t .  Accordingly, it i s  recommended 
t h a t  the  Waukesha County So i l  and Water 
Conservation D i s t r i c t ,  i n  cooperation 
with the  Okauchee Lake Management D i s -  
t r i c t ,  undertake t h e  development of 
plans needed fo r  t he  design of de t a i l ed  
r u r a l  s o i l  and water conservation prac- 
t i c e s  on each farm i n  t he  watershed. I t  
is  recommended t h a t  t he  Lake D i s t r i c t  be 
t h e  lead agency i n  t he  preparation of 
such plans.  A s  t h e  lead agency, t h e  Lake 
D i s t r i c t  should formally request t h a t  
t h e  county So i l  and Water Conservation 
D i s t r i c t  work with t he  landowners t o  de- 
s i gn  de ta i l ed  p rac t i ces  appl icable  f o r  
each land parcel  f o r  ag r i cu l t u r a l  non- 
point  source po l lu t ion  control  i n  t he  
lake watershed. This should include es-  
t imates of s o i l  loss  and recommendations 
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-- 
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f o r  s p e c i f i c  abatement measures f o r  each 
i d e n t i f i e d  source.  The estimated cos t  
and e f fec t iveness  of each p r a c t i c e  rec-  
ommended should a l s o  be included. Agri- 
c u l t u r a l  nonpoint source po l lu t ion  
abatement measures which may be appro- 
p r i a t e  f o r  use i n  t h e  Okauchee Lake 
d i r e c t  drainage area  include crop r o t a -  
t i o n ,  conservation t i l l a g e ,  grassed 
waterways, d ivers ions ,  t e r r a c e s ,  contour 
s t r ip-cropping,  and l ives tock waste con- 
t r o l .  Some a g r i c u l t u r a l  a reas  i n  t h e  
lake drainage a rea  with r e l a t i v e l y  s t e e p  
s lopes  a r e  located  i n  proximity t o  t h e  
lake and a r e  p a r t i c u l a r l y  suscep t ib le  t o  
eros ion.  They s i g n i f i c a n t l y  harm t h e  
lake  environment, and should rece ive  
p r i o r i t y  f o r  planning and implementa- 
t i o n  e f f o r t s .  For example, t h e  drainage 
a rea  wi th in  Section 24, Township 8 
North, Range 1 7  Eas t ,  Town of Oconomo- 
woc was i d e n t i f i e d  i n  t h e  lake study 
f i e l d  survey as a p o t e n t i a l l y  high pol -  
l u t a n t  -cont r ibut  ing  area .  I t  i s  envi-  
sioned t h a t  t h e  Lake Management D i s t r i c t  
would--through an intergovernmental 
memorandum of understanding--cooperate 
with t h e  Waukesha County S o i l  and Water 
Conservation D i s t r i c t  i n  t h e  necessary 
d e t a i l e d  planning. 

Following t h e  s e l e c t i o n  of d e t a i l e d  
p r a c t i c e s  f o r  t h e  abatement of nonpoint 
source po l lu t ion  i n  r u r a l  a reas ,  it i s  
recommended t h a t  t h e  management agencies 
t a k e  appropr ia te  s t e p s  t o  i n s t a l l  t h e  
p r a c t i c e s .  This would include t h e  es tab-  
lishment of publ ic  educational  programs 
by t h e  Lake D i s t r i c t  i n  cooperation with 
t h e  Universi ty of Wisconsin-Extension 
Service ,  continued work with t h e  farm 
opera to r s ,  and t h e  undertaking of ac- 
t i o n s  t o  p ro tec t  c r i t i c a l  a reas  from 
eros ion.  I t  i s  f u r t h e r  recommended t h a t  
t h e  Waukesha County S o i l  and Water Con- 
se rva t ion  D i s t r i c t  provide a l l  necessary 
t echn ica l  a s s i s t ance  i n  i n s t a l l i n g  t h e  
p r a c t i c e s .  

LAKE REHAB1 L ITATION TECHN IQLIES 

The s e l e c t i o n  of lake r e h a b i l i t a t i o n  
techniques must consider l o c a l  circum- 
s tances  and lake management ob jec t ives .  
The implementation of lake r e h a b i l i t a -  

t i o n  techniques i s  bes t  c a r r i e d  out  by 
t h e  Okauchee Lake Management D i s t r i c t .  
Addit ional  t echn ica l  a s s i s t ance  from t h e  
Wisconsin Department of Natural Re- 
sources ,  Off ice  of Inland Lake Renewal, 
w i l l  be required p r i o r  t o  ac tua l  imple- 
mentation of a r e h a b i l i t a t i o n  technique. 

To contro l  excessive growth of macro- 
phytes i n  Okauchee Lake and t o  provide 
improved oppor tuni t ies  f o r  r ec rea t iona l  
use,  it is  recommended t h a t  t h e  Okauchee 
Lake Management D i s t r i c t  continue i t s  
macrophyte harves t ing  program. Given t h e  
frequency of harves t ing  cur ren t ly  pro- 
vided by t h e  program, it i s  probably not  
necessary t o  expand the  e x i s t i n g  program 
a t  t h i s  time. I t  is  recommended t h a t  t h e  
areas  shown on Map 27 continue t o  be 
harvested with mechanical macrophyte 
ha rves te r s  about t h r e e  times per  year .  
I n  f u t u r e  years ,  t h e  areas  harvested and 
t h e  schedule of harves t ing  can be re -  
f ined t o  provide t h e  most c o s t - e f f e c t i v e  
use  of t h e  ha rves te r s .  The b e n e f i t s  of 
macrophyte harves t ing  a r e  t h a t  it i s  a 
reasonably economical p r a c t i c e ,  approxi- 
mating t h e  annual cos t  of herbic ide  
usage; it removes p lan t  mater ia l  and nu- 
t r i e n t s  from t h e  lakes;  it i s  e f f e c t i v e  
agains t  e x i s t i n g  problem species  such as  
water m i l f o i l  i n  Okauchee, Lower Okau- 
chee, and Upper Oconomowoc Lakes; and it 
i s  a highly f l e x i b l e  p r a c t i c e  i n  t h a t  
cont ro l  e f f o r t s  can be d i rec ted  t o  t h e  
most severe problem areas a t  any spe- 
c i f i c  time. Harvesting does not  s i g n i f i -  
can t ly  i n t e r f e r e  with t h e  r ec rea t iona l  
use  of t h e  lakes ,  and, i f  properly used, 
does not damage f i s h  spawning a reas .  The 
harves t ing  operat ions and t h e  c o l l e c t i o n  
and d isposal  of t h e  removed p lan t  ma- 
t e r i a l  do have a s i g n i f i c a n t  labor 
requirement. 

To fu r the r  con t ro l  excessive macrophyte 
growths, p a r t i c u l a r l y  i n  t h e  bay a reas ,  
i t  is  recommended t h a t  t h e  Okauchee Lake 
Management D i s t r i c t  i n v e s t i g a t e  dredging 
t h e  l imi ted  areas  shown on Map 24. Pre- 
liminary analyses i n d i c a t e  t h a t  dredging 
I c e  House Bay, Tierney Lake, and t h e  
Tierney Lake channel and Upper Oconomo- 
woc Lake t o  mean depths of about 10 f e e t  
i s  f e a s i b l e  and would reduce macrophyte 



growths i n  severe problem a reas .  Dredg- 
ing  t h e s e  areas  t o  t h e  recommended 
depths would reduce, although not elim- 
i n a t e ,  macrophyte growths i n  t h e  t r e a t e d  
a r e a s .  Based on information provided by 
t h e  macrophyte surveys, macrophytes 
would not  be expected t o  reach t h e  water 
su r face  i n  areas  with water depths 
g r e a t e r  than about f i v e  f e e t .  The dredg- 
ing  would provide a long-term reduction 
i n  t h e  growth of macrophytes i n  t h e  
t r e a t e d  a reas ;  would reduce t h e  consump- 
t i o n  of oxygen by decaying p lan t  masses; 
would improve t h e  r ec rea t iona l  use po- 
t e n t i a l  of these  a reas ;  would improve 
t h e  water c i r c u l a t i o n  i n  these  bay 
a reas ,  thereby perhaps improving d i s -  
solved oxygen l eve l s  and reducing algae 
growth; and would reduce t h e  need f o r  
chemicals t o  con t ro l  macrophytes. The 
cos t  of t h e  recommended dredging of 
I c e  House Bay, Tierney Lake, and Upper 
Oconomowoc Lake would be about 
$1,250,000. The Lake Management D i s t r i c t  
may a l s o  consider dredging, a t  a  f u t u r e  
da te ,  shallow areas  near  t h e  Okauchee 
Lake o u t l e t  and i n  t h e  northwest por t ion  
of Okauchee Lake. 

To manage t h e  f i s h e r y  resources i n  Okau- 
chee Lake, it i s  recommended t h a t  t h e  
Wisconsin Department of Natural 
Resources consider p ro tec t ing  and, i f  
necessary,  purchasing t h e  highest  
q u a l i t y  h a b i t a t  and spawning a reas ,  as  
i d e n t i f i e d  by Department f i s h  and wild- 
l i f e  managers. The Wisconsin Department 
of Natural Resources can more e f fec -  
t i v e l y  p ro tec t  and manage these  a reas ,  
p a r t i c u l a r l y  around t h e  Okauchee Lake 
i n l e t ,  than can t h e  Lake Management D i s -  
t r i c t .  I t  is  recommended t h a t  t h e  
Department continue t h e  management of 
t h e  northern pike and walleye f i s h e r i e s ,  
including stocking as  necessary.  I t  is  
recommended t h a t  t h e  Department conduct 
a  c r e e l  census t o  evaluate  t h e  angler  
ca tch  and determine i f  overharvest ing of 
some species  i s  occurring.  I t  i s  a l s o  
recommended t h a t  t h e  Department es tab-  
l i s h  a per iodic  f i s h  su rve i l l ance  and 
sampling program f o r  Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes. 
Under such a program, whereby a s p e c i f i c  

schedule f o r  pe r iod ic  f i s h e r y  surveys 
would be es t ab l i shed ,  t h e  Department 
would be able  t o  a s sess  and evaluate  
long-term t rends  i n  t h e  t o t a l  f i s h e r y  
resource of t h e  lake ,  not j u s t  i n  speci -  
f i c  game f i s h  spec ies .  

Hypolimnetic ae ra t ion  i s  not  recommended 
f o r  Okauchee Lake a t  t h i s  time. The 
water q u a l i t y  problems which hypolim- 
n e t  i c  ae ra t ion  a l l e v i a t e s  --an anaerobic 
hypolimnion, n u t r i e n t  r e l e a s e  from 
bottom sediments, and excessive algae 
growths--have n-ot been i d e n t i f i e d  as 
severe  water q u a l i t y  problems s i g n i f i -  
can t ly  a f f e c t i n g  b e n e f i c i a l  uses of 
Okauchee Lake. Therefore, while hypolim- 
n e t i c  ae ra t ion  i s  genera l ly  appl icable  
t o  Okauchee Lake, t h e  e x i s t i n g  water 
q u a l i t y  problems do not  appear t o  war- 
r a n t  i t s  app l i ca t ion  a t  t h i s  t ime.  

Other methods of con t ro l l ing  excessive 
aqua t i c  macrophyte growths, such as  
sediment covering and drawdown, a r e  
t echn ica l ly  f e a s i b l e  f o r  por t ions  of 
Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes. However, these  tech-  
niques a r e  not recommended because, 
while they have s u b s t a n t i a l l y  higher 
c o s t s  than harves t ing ,  they a r e  not  ex- 
pected t o  provide s u b s t a n t i a l  add i t iona l  
water q u a l i t y  o r  water use b e n e f i t s .  The 
b e n e f i t s  of covering t h e  sediments with 
p l a s t i c  l i n i n g ,  sand, o r  o the r  s u i t a b l e  
ma te r i a l  could be shor t - l ived  i f  addi-  
t i o n a l  organic matter  i s  deposi ted upon 
these  new sediments. Drawdown of Lower 
Okauchee and Upper Oconomowoc Lakes, 
while consol ida t ing  t h e  sediments and 
providing a s l i g h t  increase  i n  depth,  
would no t ,  i n  i t s e l f ,  be expected t o  
provide t h e  l e v e l  of macrophyte cont ro l  
which could be achieved by dredging 
combined with a continued harves t ing  
program. Nutrient  inac t iva t ion  and s e -  
l e c t i v e  discharge a r e  not  recommended 
because, while reducing t h e  n u t r i e n t  
l eve l s  i n  t h e  water ,  t hese  techniques 
would not  s i g n i f i c a n t l y  reduce aquat ic  
macrophyte growth i n  t h e  lake  and be- 
cause t h e  lakes f l u s h  too  rap id ly  f o r  
n u t r i e n t  inac t iva t ion  t o  be h ighly  
e f f e c t i v e .  



Because of the unknown long-term ecolo- 
gical consequences of the use of chemi- 
cals to control algae and aquatic macro- 
phytes, it is recommended that the Lake 
District consider severely curtailing 
the application of this practice in 
Okauchee, Lower Okauchee, and Upper 
Oconomowoc Lakes. Furthermore, the 
deposit of the dead plant material, 
which is not removed by subsequent har- 
vesting techniques, upon the lake bottom 
releases additional nutrients to the 
water and serves to further contribute 
to the build-up of organic matter with 
associated macrophyte growth and reduced 
depth conditions. The use of chemicals 
is recommended only as a last resort 
when other plant management alternatives 
are not feasible. For Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes, 
there are environmentally sound alter- 
native methods of aquatic plant control 
which are feasible and cost-effective. 

COST ANALYSES 

Cost estimates--expressed in 1980 dol- 
lars--for recommended nonpoint source 
controls in the Okauchee Lake drainage 
area and in-lake management techniques 
are set forth in Table 35. The total 
capital cost of the recommended plan is 
about $1.66 million over a 20-year plan 

implementation period, with an average 
operation and maintenance cost of 
$50,600, resulting in a total annual 
average cost of $135,300. Of these 
totals, $706,600, or 43 percent of the 
capital cost; $39,300, or 78 percent of 
the annual operation and maintenance 
cost; and $77,300, or 57 percent of the 
total annual cost would be borne by the 
local units of government. The remaining 
costs could be borne by individual prop- 
erty owners or by state or federal cost- 
sharing programs. About $203,000, or 76 
percent, of the total capital cost of 
the recommended watershed management 
measures is associated with control of 
erosion from construction activities, 
with 25 percent of the erosion control 
cost being borne by the public sector. 
The in-lake management costs include a 
total average annual cost of $900 for an 
in-lake water quality sampling program. 
Table 36 sets forth the estimated costs 
of implementing the recommended plan 
that could be expected to be provided by 
state or federal cost-sharing funds. 
Based on the expected 1985 population of 
the lake drainage area, the total aver- 
age annual cost for each lake drainage 
area resident would be about $27, or $81 
per household. The average annual local 
public sector cost for each lake drain- 
age area resident would be about $15, or 
$46 per household. 



Table 35 

ESTIMATED COST OF RECOMMENDED WATER QUALITY AND 
LAKE MANAGEMENT MEASURES FOR OKAUCHEE, 

LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES 

I 
T o t a l  

Average Annual 

Publ i c  

Es t ima ted  Cost  1980-2000a 
I I 

C a p i t a l  

Loca I 
Publ i c  

Average Annual 
Operat  i o n  and 

Ma i ntenance 

Loca I 
P u b l i c  
Sec to r  

Water Qua I i ty o r  Lake 
Manwement ~ e a s u r e b  T o t a l  

S a n i t a r y  S e w r  
............. Serv  iceC..  

S e p t i c  Tank 
... System h4anagementd.. 

. b r a  l Land Management.. 
L i v e s t o c k  Waste 
C o n t r o l  ................ 

Urban Land Management ... 
STH 16 C o n s t r u c t i o n  

E r o s i o n  C o n t r o l  ........ 
O t h e r  C o n s t r u c t i o n  

E r o s i o n  C o n t r o l  ........ 
Watershed M a n a g m n t  1 Sub to ta l  1 $ 268,500 1 $ 66,600 $ 33,200 1 $10,900 1 
A q u a t i c  Macrophyte  

H a t v e s t i  nge............ 
 red^ i ngf.. ............. 
F i s h  Managementg.. ...... 
Water Qua1 i ty 

Sanpl iq Progran  ....... 
In-Lake Management 

S u b t o t a l  

I T o t a l  

a ~ l l  c o s t s  a r e  expressed in January 1980 do1 l a rs ,  and a re  rounded o f f  t o  the nearest  b n d r e d .  

b ~ a n d  use p l a n  element cos ts  a r e  n o t  presented. 

C 
Near ly  a l  l urban development i n  the drainage area d i  r e c t  l y t r i b u t a r y  t o  Okauchee. Lower Okauchee, 

and w p e r  Oconmwoc Lakes i s  r e c m n d e d  t o  be served b y  s a n i t a r y  sewers b y  the year 2000. The 
sewage generated in t h i s  area would be conveyed t o  and t rea ted  a t  the C i t y  o f  Oconmwoc sewage 
treatment p l a n t .  The e s t i m t e d  cos t  f o r  a p o r t i o n  o f  the treatrrent f a c i  I i  t y  and major t runk  sewers 
s e r v i q  the drainage area, together  w i t h  loca l  hookup and ope ra t i on  and maintenance o f  the s y s t m  
inc ludes a t o t a l  c a p i t a l  cos t  o f  about $9.8 m i l  l i o n ,  w i t h  an annual ope ra t i on  and m in tenance  c o s t  
of about $215,000. 

h e  proper maintenance and replacement o f  the r - in iq  s e p t i c  tank systems i s  r e c m n d e d  t o  h e l p  
improve the water qua1 i t y  o f  Okauchee Lake. However, because s e p t i c  tarJc systems mnagement i s  an  
e x i s t i q  f u n c t i o n  necessary f o r  the p rese rva t i on  o f  p u b l i c  h e a l t h  and the maintenance o f  d r i n k i r g  
water supp l ies ,  t h i s  cos t  i s  n o t  included i n  the w t e r  q u a l i t y  mnagement p lan.  The e s t i m t e d  
expendi t u res  f o r  s e p t i c  system management i n  the Okauchee Lake drainage b a s i n  inc lude a c a p i t a l  cos t  
over t he  p e r i o d  o f  1980-2000 o f  $450,000 w i t h  an average annual ope ra t i on  and m in tenance  cos t  o f  
$5,700. 

el t was assuned t h a t  two h a w e s t e r s  sui  t a b l e  f o r  Okauchee, Lower Okauchee. and Upper Oconmwoc 
Lakes would need t o  be p r c h a s e d  p r i o r  t o  year 2000 i n  order  t o  m i n t a i n  the cu r ren t  level  o f  har -  
v e s t  irg and would c o s t  about $70,000 each. 

l t was a s s 4  t h a t  60 percent  o f  the c a p i t a l  cos ts  f o r  d r e d g i q  would be prov ided b y  the  Wisconsin 
In land  Lake Protec t  i o n  and Rehabi l i t a t  i o n  Progran. S ta te  funds a r e  l irni ted  f o r  t h i s  type o f  p r o j e c t  
and ass is tance may a l s o  be needed f rcm the U.S. Envi rormental P ro tec t  i on  Agency Sect i o n  314 Clean 
Lakes Grant Progran. 

' ~ o s t s  f o r  f i s h  management wi I I be borne b y  the  Wiscons i n  Department o f  Natura l  Resources. 

Source: SEWRPC. 



Table 36 

AVAl LABLE STATE AND FEDERAL COST-SHARING FOR IMPLEMENTATION OF 
THE RECOMMENDED WATER QUALITY MANAGEMENT PLAN 

FOR OKAUCHEE, LOWER OKAUCHEE, AND UPPER OCONOMOWOC LAKES 

aCost-sharirg and technical assistance f o r  norpoint  source cont ro ls  could a lso  be appl ied f o r  as a local  p r i o r i t y  
p ro jec t  under the W i x o m i n  Fund N o n p i n t  Source P o l l u t i o n  Abaterrent Progran administered by  the Wisconsin Department 
o f  Natural  Resources. 

Water Qua l i t y  o r  
Lake Management 

Measure 

Q r a l  Land 
Management 
Pract icesa 

Urban Land 
Management 
Pract icesa 

Aquatic 
Macrophyte 
Harvest i rg 

Limited 
Dredgi rg 

F ish  
Manigement 

Water Qual i t y  
sarp 1 i rg 
Prcgran 

Source: SEWRPC . 

Estimated Total  Cost 

Ant ic ipa ted 
Percent Sta te  o r  

Federal Cost Share 

50-758 o f  cap i t a l  cost ,  
none fo r  operat i on  and 
maintenance 

None 

None 

60% o f  cap i t a l  
cost  

-- 

None 

Capi t a  I 

$ 800 

100 

140,000 

1,250,000 

-- 

-- 

State o r  Federal 
Cos t-Share P r q r a n  

Federal A3 r i cu l t u ra l  Conser- 
va t i on  Prcgran (ACP) a h i n i s -  
stered by  the USA, Agr icu l -  
tu ra l  Stabi  I i za t i on  and Con- 
servat ion  Service (ASCS) and 
the S o i l  Conservation Service 

-- 

-- 

Department o f  Natural  Resources, 
In land Lake Rehabi I i t a t i o n  
P r q r a n  

Costs f o r  f i s h  mnagerrent wi I I 
be borne by the Wisconsin 
Department o f  Natural 
Resources 

- - 

1980-2000 

Annua l 
Opera t i on  

and 
Maintenance 

$ 4,500 

2,600 

35,000 

-- 

-- 

900 



Chapter X 

SUMMARY 

The prepara t ion  of a water q u a l i t y  man- 
agement p lan  f o r  Okauchee, Lower Okau- 
chee, and Upper Oconomowoc Lakes was a 
cooperat ive e f f o r t  by t h e  Southeastern 
Wisconsin Regional Planning Commission 
and t h e  Wisconsin Department of Natural 
Resources. The lake study included t h e  
design and conduct of a water q u a l i t y  
sampling program--conducted from Decem- 
ber  1976 through November 1977--and t h e  
inventory and analys is  of land use,  
watershed c h a r a c t e r i s t i c s ,  n a t u r a l  r e -  
source base,  r ec rea t iona l  use,  and ex- 
i s t  ing management p r a c t i c e s .  The 
objec t ives  of t h e  plan were t o  provide a 
l eve l  of water q u a l i t y  i n  Okauchee, 
Lower Okauchee, and Upper Oconomowoc 
Lakes s u i t a b l e  f o r  t h e  maintenance of 
warmwater f i s h  and o ther  aquat ic  l i f e ,  
t o  reduce t h e  s e v e r i t y  of e x i s t i n g  nui -  
sance condit ions caused by excessive 
macrophyte and algae growth, and t o  i m -  
prove oppor tuni t ies  f o r  water-based rec-  
r e a t  iona l  a c t i v i t i e s  . 
Okauchee Lake i s  located wi th in  U .  S. 
Public  Land Survey Township 8 North, 
Range 17 Eas t ,  Town of Oconomowoc, and 
Township 8 North, Range 18 Eas t ,  Town of 
Merton, i n  Waukesha County. The lake has 
a su r face  a rea  of 1,198 ac res ,  a maximum 
depth of 115 f e e t ,  and a mean depth of 
25 f e e t .  Lower Okauchee and Upper Ocono- 
mowoc Lakes a r e  47 acres and 36 acres  i n  
s i z e ,  r e spec t ive ly ,  and both a r e  located 
e n t i r e l y  wi th in  Township 8 North, Range 
1 7  Eas t ,  Town of Oconomowoc. The t h r e e  
lakes have a combined d i r e c t  t r i b u t a r y  
drainage area  of 3,366 ac res ,  o r  5.26 
square mi les ,  and a t o t a l  watershed a rea  
of 44,922 ac res ,  o r  70.19 square miles.  

The drainage a rea  of Okauchee Lake 
includes por t ions  of the  City of Dela- 
f i e l d  (0.09 square mile,  o r  1.24 per-  
c e n t ) ;  t h e  Vil lages of Chenequa (0.05 
square mile,  o r  0.69 percent)  and Ocono- 
mowoc Lake (0.09 square mile,  o r  1.24 
pe rcen t ) ;  and t h e  Towns of Merton (3.09 

square miles,  o r  42.56 pe rcen t ) ,  Ocono- 
mowoc (3.90 square miles,  o r  53.72 
pe rcen t ) ,  and Summit (0.04 square mile,  
o r  0.55 pe rcen t ) ,  a l l  of which a r e  
located i n  Waukesha County. 

A s  of 1975, t h e  r e s iden t  populat ion of 
t h e  drainage area  d i r e c t l y  t r i b u t a r y  t o  
t h e  lakes was estimated by t h e  Com- 
mission t o  be 4,160 persons. The type,  
i n t e n s i t y ,  and s p a t i a l  d i s t r i b u t i o n  of 
land uses a r e  important f a c t o r s  d e t e r -  
mining resource demand i n  t h e  d i r e c t  
t r i b u t a r y  drainage a rea .  A s  of 1975, 
approximately 1,250 ac res ,  o r  37 percent  
of t h e  3,366-acre d i r e c t  t r i b u t a r y  
drainage a rea ,  was i n  urban land use,  
with t h e  dominant urban land use--901 
a c r e s ,  o r  72 percent - - in  r e s i d e n t i a l  
use.  The remaining urban land uses--  
commercial, i n d u s t r i a l ,  governmental and 
i n s t i t u t i o n a l ,  t r anspor ta t ion ,  commu- 
n i c a t i o n ,  u t i l i t i e s ,  and rec rea t iona l - -  
cons t i tu ted  about 349 ac res ,  o r  28 
percent ,  of urban land use i n  t h e  Okau- 
chee Lake d i r e c t  drainage a rea .  Approxi- 
mately 2,116 ac res ,  o r  63 percent  of 
t h e  d i r e c t  t r i b u t a r y  drainage a rea ,  was 
i n  r u r a l  land use ,  with t h e  dominant 
r u r a l  land use--1,595 ac res ,  o r  75 per-  
cen t - - in  a g r i c u l t u r a l  use. Woodlands and 
open lands comprised about 295 ac res ,  o r  
14 percent ,  of t h e  r u r a l  land a rea .  Wet- 
lands and surface  waters ,  excluding t h e  
su r face  area  of Okauchee, Lower Okau- 
chee, and Upper Oconomowoc Lakes, ac- 
counted f o r  227 ac res ,  o r  11 percent ,  of 
t h e  r u r a l  land area .  

As of 1975, t h e  s a n i t a r y  and household 
wastewaters from t h e  est imated 4,160 
persons re s id ing  i n  t h e  drainage a rea  
d i r e c t l y  t r i b u t a r y  t o  t h e  lakes ,  were 
t r e a t e d  and disposed of through t h e  use 
of o n s i t e  d i sposa l  systems. There a r e  
approximately 1,335 s e p t i c  tank systems 
i n  t h e  d i r e c t  t r i b u t a r y  drainage area--  
508 of which a r e  located i n  areas  
covered by s o i l s  having severe o r  very 



severe l i m i t a t i o n s  f o r  t h e  use of such 
systems. No holding tanks o r  mound sys-  
tems were known t o  e x i s t ,  as  of 1975, i n  
t h e  d i r e c t  t r i b u t a r y  drainage a rea .  

For t h e  year  of s tudy,  it i s  estimated 
t h a t  approximately 35,914 ac re - fee t  of 
water entered Okauchee Lake. Of t h i s  
t o t a l ,  about 24,330 ac re - fee t  of water ,  
o r  68 percent ,  was cont r ibuted  by inflow 
from t h e  Oconomowoc River; about 6,516 
a c r e - f e e t ,  o r  18 percent ,  was con- 
t r i b u t e d  from groundwater inflow; about 
3,620 a c r e - f e e t ,  o r  10 percent ,  was con- 
t r i b u t e d  by d i r e c t  p r e c i p i t a t i o n  on t h e  
lake  surface;  and about 1,448 a c r e - f e e t ,  
o r  4 percent ,  was cont r ibuted  by su r face  
runoff from t h e  d i r e c t  t r i b u t a r y  d ra in -  
age area .  Of t h e  t o t a l  water output from 
Okauchee Lake--about 35,914 ac re - fee t - -  
approximately 20,995 a c r e - f e e t ,  o r  59 
percent ,  was discharged v i a  t h e  Ocono- 
mowoc River; about 10,860 ac re - fee t ,  o r  
30 percent ,  l e f t  a s  groundwater outflow; 
and about 2,896 a c r e - f e e t ,  o r  8 percent ,  
evaporated from t h e  su r face  of the  lake .  
Fur ther ,  about 1,163 a c r e - f e e t ,  o r  3 
percent ,  was represented by increased 
s to rage  i n  t h e  lake  bas in  with a r e s u l t -  
ing  higher lake l e v e l .  Because of t h e  
r e l a t i v e l y  small s i z e  of Lower Okauchee 
and Upper Oconomowoc Lakes, t h e  Oconomo- 
woc River accounts f o r  over 97 percent  
of both t h e  water inputs  t o ,  and t h e  
water outputs  from, these  two lakes .  

Monthly temperature and dissolved oxygen 
p r o f i l e s  i n d i c a t e  t h a t  complete mixing 
of Okauchee Lake is  r e s t r i c t e d  during 
t h e  summer by thermal s t r a t i f i c a t i o n .  
The da ta  indica ted  t h a t  Okauchee Lake, 
l i k e  o the r  mesotrophic o r  eutrophic 
lakes i n  southeas tern  Wisconsin, experi-  
ences oxygen deple t ion  i n  t h e  hypolim- 
nion o r  bottom water l aye r .  Oxygen de- 
p l e t i o n  i n  t h e  hypolimnion may increase  
t h e  r e l ease  of phosphorus from t h e  bot-  
tom sediments and cause f i s h  t o  migrate 
upward i n  t h e  water column where higher 
d issolved oxygen concentrat ions e x i s t .  
Water c l a r i t y ,  a s  measured by a Secchi 
Disc, ranged from about 4.7 f e e t  t o  22.6 
f e e t ,  with an average Secchi Disc depth 
of 9.5 f e e t  i n  Okauchee Lake. 

Okauchee Lake supports a r e l a t i v e l y  
l a rge  and d ive r se  f i s h  community. Wis- 
consin Department of Natural Resources 
survey repor ts  indica ted  t h a t  from 1946 
through 1975, 30 d i f f e r e n t  f i s h  species  
were surveyed i n  t h e  lake .  In  addi t ion ,  
t h e  pugnose sh ine r ,  sampled i n  1975, is  
c u r r e n t l y  l i s t e d  by t h e  Wisconsin De- 
partment of Natural Resources as a 
threa tened species .  

The Regional Planning Commission recom- 
mended water q u a l i t y  s tandard,  f o r  
r ec rea t iona l  use and warmwater f i s h  and 
aqua t i c  l i f e ,  i nd ica tes  t h a t  nuisance 
aquat ic  p lan t  growth is l i k e l y  t o  occur 
i n  lakes where t h e  t o t a l  phosphorus con- 
cen t ra t ion  exceeds 0.02 milligram per  
l i t e r  (mg/l) during t h e  sp r ing  turnover.  
I n  Okauchee Lake, t h e  mean concentrat ion 
of t o t a l  phosphorus i n  t h e  sp r ing  was 
about 0.03 mg/l, which ind ica tes  t h a t  
t h e  p o t e n t i a l  f o r  nuisance aquat ic  p lan t  
growths e x i s t s  i n  t h e  lake .  

During t h e  study year ,  aquat ic  macro- 
phyte growth i n  Okauchee Lake was found 
t o  be moderate t o  high. Macrophytes grew 
on about 45 percent  of t h e  lake bottom 
and extended t o  t h e  water ' s  surface  over 
approximately 20 percent  of t h e  su r face  
a r e a  of t h e  lake.  In  Lower Okauchee and 
Upper Oconomowoc Lakes macrophytes 
covered 75 t o  80 percent  of t h e  lake 
bottoms. Analyses on t h e  type and abun- 
dance of a lgae  present  indica ted  r e l a -  
t i v e l y  low concentrat ions i n  June and 
Ju ly .  However, nuisance "bloom" condi- 
t i o n s  occurred from l a t e  Apri l  t o  e a r l y  
May, pr imar i ly  i n  shallow bays and along 
t h e  shore l ine .  

I t  is  estimated t h a t  under t h e  e x i s t i n g  
condi t ions ,  a s  of 1975, t h e  t o t a l  phos- 
phorus load t o  Okauchee Lake during an 
average year  would be approximately 
7,167 pounds. Of t h i s  t o t a l ,  about 
2,900 pounds, o r  40 percent ,  were e s t i -  
mated t o  be cont r ibuted  by t h e  Ocono- 
mowoc River. In  add i t  ion,  l ives tock 
opera t ions  were estimated t o  con t r ibu te  
about 1,940 pounds, o r  27 percent ,  of 
t h e  t o t a l .  Malfunctioning s e p t i c  tank 
systems contr ibuted approximately 737 



pounds, o r  10 percent ,  of the  t o t a l  
phosphorus load t o  t h e  lake .  The remain- 
ing  land uses i n  t h e  Okauchee Lake 
d i r e c t  drainage a r e a - - r e s i d e n t i a l ,  
commercial, i n d u s t r i a l ,  governmental and 
i n s t i t u t i o n a l ,  t r anspor ta t ion ,  and 
rec rea t iona l  lands,  cons t ruct ion  a c t i v i -  
t i e s ,  agricul1;ural land, d i r e c t  atmos- 
pher ic  f a l l o u t ,  woodlands, and o ther  
open land- -contr ibuted an estimated 
1,590 pounds, o r  23 percent ,  of t h e  
phosphorus load t o  t h e  lake .  

Based on t h e  study da ta ,  Okauchee Lake 
was c l a s s i f i e d  as  mesotrophic, a term 
descr ib ing moderately f e r t i l e  lakes 
which may support abundant aquat ic  p lan t  
growths and may support productive 
f i s h e r i e s .  Nuisance growths of algae and 
macrophytes may be exhibi ted  by some 
mesotrophic lakes .  

According t o  t h e  adopted Commission land 
use p lan ,  t h e  populat ion of t h e  Okauchee 
Lake d i r e c t  t r i b u t a r y  drainage area  i s  
expected t o  increase  44 percent ,  o r  
approximately 1,840 res iden t s ,  by t h e  
year  2000. The year  2000 land use plan 
recommends t h ~ a t  most new r e s i d e n t i a l  
development i n  t h e  d i r e c t  t r i b u t a r y  
drainage area  occur a t  low dens it i e s  . 
Under t h e  year 2000 land use p lan ,  
approximately 1,486 ac res ,  o r  44 per-  
cen t ,  of t h e  3,366-acre d i r e c t  t r i b u t a r y  
drainage a rea ,  would be i n  urban land 
use ,  with the  dominant urban land use 
being r e s i d e n t i a l ,  encompassing 1,085 
ac res ,  o r  about 73 percent ,  of t h e  urban 
land a rea .  Compared t o  1975 land use,  
t h i s  represents  a 19 percent increase  i n  
urban land uses and, s p e c i f i c a l l y ,  a 20 
percent  increase  i n  r e s i d e n t i a l  land i n  
t h e  d i r e c t  t r i -butary  drainage a rea .  Most 
of t h e  planned development would occur 
on land p resen t ly  i n  a g r i c u l t u r a l  and 
open space land uses .  According t o  t h e  
adopted Commission land use plan,  t h e  
remaining 1,880 ac res ,  o r  56 percent ,  of 
t h e  d i r e c t  drainage area  would be i n  a 
mixture of ~ l g r i c u l t u r a l ,  water ,  wet - 
lands,  woodlands, and o the r  open land 
uses .  

The Commission a l s o  estimated t h a t  under 
year 2000 condit ions,  t h e  t o t a l  phos- 

phorus load t o  t h e  lake would be ap- 
proximately 5,073 pounds per  year ,  o r  
about 30 percent l e s s  than t h e  estimated 
1975 loadings. Of t h i s  t o t a l ,  approxi- 
mately 1,500 pounds, o r  30 percent ,  
would be cont r ibuted  by t h e  Oconomowoc 
River. The an t i c ipa ted  decrease of about 
1,400 pounds i n  phosphorus loading from 
t h e  Oconomowoc River would occur follow- 
ing implementation of t h e  upstream water 
po l lu t ion  cont ro l  measures recommended 
i n  t h e  regional  water q u a l i t y  management 
p lan .  Fur ther ,  t h e r e  would a l s o  be an 
estimated decrease of 730 pounds of 
phosphorus--from about 737 pounds per  
year  i n  1975 t o  approximately 8 pounds 
per  year- -enter ing  t h e  lake from mal- 
functioning s e p t i c  tank systems follow- 
ing provision of s a n i t a r y  sewer se rv ice  
t o  r e s iden t s  of Okauchee Lake, a l s o  as  
recommended i n  t h e  regional  water qual- 
i t y  management p lan .  Other major sources 
of phosphorus, under an t i c ipa ted  year 
2000 condi t ions ,  would be l ives tock op- 
e r a t i o n s ,  represent ing  about 1,940 
pounds, o r  38 percent;  d i r e c t  atmos- 
pher ic  cont r ibut ions ,  represent ing  689 
pounds, o r  14 percent;  and const ruct ion  
a c t i v i t i e s ,  represent ing  about 409 
pounds, o r  8 percent .  The remaining land 
uses i n  t h e  Okauchee Lake d i r e c t  d ra in -  
age a r e a - - r e s i d e n t i a l ,  commercial, 
i n d u s t r i a l ,  governmental and i n s t i t u -  
t i o n a l ,  t r anspor ta t ion ,  r ec rea t iona l ,  
a g r i c u l t u r a l  lands,  woodlands, and o ther  
open lands--would con t r ibu te  t h e  remain- 
ing  5 2 7  pounds, o r  10 percent  of t h e  
phosphorus load t o  t h e  lake.  

Management measures required t o  meet t h e  
water use objec t ives  f o r  Okauchee Lake 
must address the  nonpoint source pol lu-  
t i o n  cont ro ls  needed. Commission e s t i -  
mates indica ted  t h a t  the re  would need t o  
be a reduction of 30 percent i n  nonpount 
source phosphorus loads from t h e  d i r e c t  
t r i b u t a r y  drainage area  i n  order  t o  meet 
t h e  recommended water use objec t ives  and 
support ing standards.  As noted, t h e  pro- 
v i s ion  of s a n i t a r y  sewer se rv ice  t o  t h e  
drainage a rea  d i r e c t l y  t r i b u t a r y  t o  
Okauchee Lake i s  recommended as  a point  
source cont ro l  measure i n  t h e  ado2ted 
regional  water q u a l i t y  management plan.  
This would abate a nonpoint source by 



el iminat ing  a l l  but  approximately f i v e  
of t h e  s e p t i c  tank systems on s o i l s  with 
severe  o r  very severe l imi ta t ions  f o r  
such use.  Sewage treatment would be 
provided by t h e  Ci ty  of Oconomowoc sew- 
age treatment f a c i l i t y .  Other nonpoint 
source cont ro l  measures, a s  discussed 
i n  Chapter I X ,  cons i s t  of improved man- 
agement of both urban and r u r a l  land 
uses t o  reduce po l lu tan t  discharges t o  
t h e  lake by d i r e c t  overland drainage,  
drainage from n a t u r a l  o r  man-made chan- 
n e l s ,  and by groundwater inflow. These 
ac t ions  would be designed t o  reduce t h e  
in - l ake  concentrat ion of t o t a l  phos- 
phorus i n  Okauchee Lake during the  
sp r ing  turnover t o  t h e  Commission-recom- 
mended standard of 0 . 0 2  milligram per 
l i t e r  (mg/l) . 

Al te rna t ive  lake r e h a b i l i t a t i o n  and 
in - l ake  management techniques were 
evaluated t o  examine t h e  f e a s i b i l i t y  of 
conducting an in -  lake management pro- 
gram. Techniques assessed included hypo- 
l imnet ic  ae ra t ion ,  dredging, sediment 
covering, drawdown, n u t r i e n t  inac t iva -  
t i o n ,  d i l u t i o n  and f lushing,  s e l e c t i v e  
discharge,  macrophyte harves t ing ,  a lgae  
harves t ing ,  chemical con t ro l s ,  and f i s h  
management. As a r e s u l t  of these  analy- 
s e s ,  t h e  Commission recommends t h a t  t h e  
Okauchee Lake Management D i s t r i c t  con- 
t i n u e  t h e i r  macrophyte harves t ing  pro- 
gram. To f u r t h e r  con t ro l  excessive 
macrophyte growths, p a r t i c u l a r l y  i n  t h e  
bay a r e a s ,  it i s  recommended t h a t  t h e  
Okauchee Lake Management D i s t r i c t  in -  
v e s t i g a t e  dredging l imi ted  a reas .  Pre- 
l iminary analyses i n d i c a t e  t h a t  dredging 
Ice  House Bay, Tierney Lake, t h e  Tierney 
Lake channel, and Upper Oconomowoc Lake 
t o  mean depths of about 10  f e e t  i s  f eas -  
i b l e .  Dredging these  areas  t o  t h e  recom- 
mended depths would reduce, although not 
e l iminate ,  macrophyte growths i n  t h e  
t r e a t e d  a reas .  Based on information pro- 
vided by t h e  macrophyte surveys,  macro- 
phytes would not be expected t o  reach 
t h e  water surface  i n  areas with water 
depths g rea te r  than f i v e  f e e t .  The 
dredging would provide a long-term re -  
duction i n  t h e  growth of macrophytes i n  
t h e  t r e a t e d  a reas ;  would reduce t h e  con- 
sumption of oxygen by decaying p lan t  
masses; would improve t h e  r ec rea t iona l  

use p o t e n t i a l  of these  a reas ;  would i m -  
prove t h e  water c i r c u l a t i o n  i n  these  bay 
a reas ,  thereby perhaps improving d i s  - 
solved oxygen l eve l s  and reducing algae 
growth; and would reduce t h e  need f o r  
chemicals t o  cont ro l  macrophytes. 

To manage t h e  f i s h e r y  resources i n  
Okauchee Lake, it is  recommended t h a t  
t h e  Wisconsin Department of Natural Re- 
sources consider p ro tec t ing  and, i f  
necessary,  purchasing t h e  highest  qual- 
i t y  h a b i t a t  and spawning a reas ,  a s  
i d e n t i f i e d  by Department f i s h  and wild- 
l i f e  managers. The Wisconsin Department 
of Natural Resources can more ef  fec-  
t i v e l y  p ro tec t  and manage these  a reas ,  
p a r t i c u l a r l y  around t h e  Okauchee Lake 
i n l e t ,  than can t h e  Lake Management D i s -  
t r i c t .  I t  i s  recommended t h a t  t h e  De- 
partment continue t h e  management of t h e  
northern p ike  and walleye f i s h e r i e s ,  
including s tocking as  necessary. I t  i s  
recommended t h a t  t h e  Department conduct 
a c r e e l  census t o  evaluate  t h e  angler  
ca tch  and determine i f  over-harvest in4 
of some species  i s  occurring.  I t  i s  a l s o  
recommended t h a t  t h e  Department es tab-  
l i s h  a per iodic  f i s h  su rve i l l ance  and 
sampling program f o r  Okauchee, Lower 
Okauchee, and Upper Oconomowoc Lakes. 
Under such a program, whereby a s p e c i f i c  
schedule f o r  pe r iod ic  f i she ry  surveys 
would be es t ab l i shed ,  t h e  Department 
would be ab le  t o  a s sess  and evaluate  
long-term t rends  i n  t h e  t o t a l  f i s h e r y  
resource of t h e  lake,  not  j u s t  a spe- 
c i f i c  game f i s h  species .  

In  summary, t h e  water q u a l i t y  management 
recommendations f o r  Okauchee Lake were 
developed wi th in  t h e  framework of t h e  
adopted regional  water q u a l i t y  manage- 
ment plan f o r  t h e  upstream t r i b u t a r y  
areas  d ra in ing  t o  t h e  Oconomowoc River, 
and include : 

1. The modificat ion of l o c a l  land use 
zoning ordinances t o  b r ing  l o c a l  
planning and zoning i n t o  confor- 
mance with t h e    om mission's adopted 
regional  land use p lan .  

2 .  The provis ion  of s a n i t a r y  sewer 
s e r v i c e  t o  por t ions  of t h e  drainage 
a r e a  d i r e c t l y  t r i b u t a r y  t o  t h e  



lake  t o  provide f o r  c o l l e c t i o n  and 
conveyance of s a n i t a r y  wastewaters 
with treatment and discharge a t  t h e  
C i ty  of Oconomowoc sewage treatment 
p l a n t .  

3 .  The implementation of nonpoint 
source p o l l u t i o n  con t ro l s  i n  both 
urban and r u r a l  a reas ,  including a 
pub l i c  education program, improved 
pub l i c  works a c t i v i t i e s ,  improved 
urban "housekeeping" p r a c t i c e s ,  
improved a g r i c u l t u r a l  management, 
and t echn ica l  and f i n a n c i a l  a s s i s -  
tance  from s t a t e  and fede ra l  u n i t s  
of government. 

4.  The rev i s ion  of t h e  Waukesha County 
San i t a ry  Ordinance t o  address 
t h e  opera t ion ,  maintenance, and i n -  
spect ion  of t h e  p r i v a t e l y  owned on- 
s i t e  sewage d i sposa l  systems which 
would not be el iminated by t h e  pro- 
posed c e n t r a l i z e d  s a n i t a r y  sewer- 
age system. 

5 .  The implementation of cons t ruct ion  
eros ion con t ro l  ordinances by 
Waukesha County; t h e  Ci ty  of Dela- 
f i e l d ;  t h e  Vil lages of Chenequa and 
Oconomowoc Lake; and t h e  Towns of 
Merton, Oconomowoc, and Summit. 

6 .  The implementation of a continuing 
in- lake  water q u a l i t y  and f i s h e r y  
resource monitoring and s tocking 
program by t h e  Okauchee Lake Man- 
agement D i s t r i c t  and t h e  Wisconsin 
Department of Natural Resources. 

Implementation of t h e  recommended non- 
point  source po l lu t ion  con t ro l s  i n  t h e  
drainage area  d i r e c t l y  t r i b u t a r y  t o  
Okauchee Lake and in - l ake  management 
would e n t a i l  a t o t a l  c a p i t a l  cos t  of 
about $1.66 mi l l ion ,  with an average 
annual opera t ion  and maintenance cos t  of 

about $50,600, and a t o t a l  average an- 
nual  c o s t  of $135,300 over a 20-year 
p lan  per iod .  About 76 percent  of t h e  
c a p i t a l  cos t  of watershed management is  
associa ted  with con t ro l  of e ros ion from 
const ruct ion  a c t i v i t i e s ,  with 25 percent  
of t h i s  cons t ruct ion  eros ion con t ro l  
cos t  being borne by t h e  pub l i c  s e c t o r .  
The in- lake  management cos t s  include a 
t o t a l  average annual cos t  of $900 f o r  an 
in- lake  water q u a l i t y  monitoring pro- 
gram. Based on t h e  expected 1985 popula- 
t i o n  of t h e  drainage a rea  d i r e c t l y  
t r i b u t a r y  t o  t h e  lakes ,  t h e  t o t a l  aver- 
age annual cost--$135,300--for each 
household i n  t h e  drainage a rea  would be 
about $81, o r  about $27 per  r e s i d e n t .  
The average annual l o c a l  pub l i c  s e c t o r  
cos t  of t h e  recommended plan is about 
$77,300, o r  about $46 f o r  each household 
i n  t h e  drainage a r e a ,  o r  about $15 per  
r e s i d e n t .  

Okauchee Lake i s  a valuable n a t u r a l  r e -  
source i n  t h e  Southeastern Wisconsin 
Region. There i s  a d e l i c a t e ,  complex 
r e l a t i o n s h i p  between t h e  water q u a l i t y  
condit ions of a lake  and t h e  land uses 
wi th in  t h e  d i r e c t l y  t r i b u t a r y  drainage 
a r e a  of t h e  lake.  Projected increases  i n  
populat ion,  urbaniza t ion ,  income, l e i -  
s u r e  t ime,  and individual  mobil i ty fo re -  
c a s t  f o r  t h e  Region w i l l  r e s u l t  i n  ad- 
d i t i o n a l  pressure  f o r  development i n  t h e  
d i r e c t  drainage a rea  of lakes i n  south- 
eas te rn  Wisconsin and f o r  water-based 
rec rea t ion  on t h e  lakes themselves. 
Without t h e  adopt ion and adminis t ra t ion  
of an e f f e c t i v e  water q u a l i t y  management 
program f o r  Okauchee Lake, based upon 
comprehensive watkr q u a l i t y  management 
and r e l a t e d  land use p lans ,  t h e  water 
q u a l i t y  p ro tec t ion  needed t o  maintain 
condit ions i n  Okauchee Lake s u i t a b l e  f o r  
r ec rea t iona l  use and f o r  maintenance of 
f i s h  and o the r  aqua t i c  l i f e  w i l l  not  be 
provided. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDICES 



Appendix A 

ILLUSTRATIONS OF REPRESENTATIVE BIOTA IN OKAUCHEE LAKE 

Appendix A-1 

REPRESENTATIVE MACROPHYTES FOUND IN SOUTHEASTERN WISCONSIN LAKES 

BLADDERWORT (Utricularia sp.) 

COMMON WATERWEED (Anacharis canadensis) 

Bladderwort i s  a carnivorous plant which occurs in shallow ponds 
and lakes or on wet soils. The small bladders are traps which catch 
tiny animal life, particularly crustaceans. Bladderwort provides some 
food and cover for fish. I t  is never abundant enough to become 
a nuisance. 

BUSHY PONDWEED (Najas flexilis) -- 

Common waterweed is a submerged plant which usually occurs in 
hard water. It provides cover for many small aquatic organisms 
which serve as food for the fish population. Waterweed is  an aggres- 
sive plant and may suppress the growth of other aquatic plants. 

Bushy pondweed i s  a common species in ponds, small lakes, and 
slow-moving streams in southeastern Wisconsin. It provides food and 
cover for fish. Bushy pondweed may become a nuisance during late 
summer in some lakes. 



COONTAI L (Ceratophyllum demersum) 

FLOATING LEAF PONDWEED (Potamogeton natans) 

Coontail is a submerged plant which prefers hard water. It supplies 
cover for shrimp and young fish and supports insects which are 
valuable as fish food. A heavy growth of coontail is an indication 
of very fertile lake conditions. 

CURLY LEAF PON DWEED (Potamogeton crispus) 

Floating leaf pondweed has leaves which float on the surface with 
the rest of the plant submerged. It provides food and shelter for  
fish and other aquatic species. 

Curly leaf pondweed is an introduced plant species which does well 
in  hard or brackish water which is usually polluted. However, curly 
leaf pondweed does provide good food, shelter, and shade for fish 
and is valuable for  early spawning fish. 



LARGE LEAF PON DWEED (Potamogeton amplifolius) 

PICKEREL WEED (Pontedera cordata) 

Large leaf pondweed is usually found in relatively hard water. Sub- 
mersed, it supports insects and provides a good food supply for  fish. 

NARROW-LEAVED CATTAIL (Typha angustifolia) 

Pickerel weed is common in shallow water with muddy shores. It 
provides shade and shelter for  fish but has only slight value as food 
and cover. Pickerel weed usually is not abundant enough t o  be 
a nuisance. 

Narrow-leaved cattail may appear in almost any wet place. I t  is used 
as a spawning area for sunfish and shelter for various species of 
young fish, as well as a variety of other forms o f  wildlife. Cattails 
often occur in dense stands and therefore may become a nuisance. 



RUSH (Juncus sp.) 

Rushes are an emergent aquatic plant with a widespread habitat 
which ranges from wet meadows and lakeshores to shallow pools. 
Thick growths of rushes often form spawning grounds for rock bass, 
bluegills, and other sunfish. 

Sago pondweed is found in hard or brackish water of lakes and slow- 
flowing streams. Sago pondweed provides food and shelter for 
young trout and other fish. 



STONEWORT (Chara aspera) -- 

SOFTSTEM BULRUSH (Scir~us validus) 

Stonewort is a t ype  o f  algae which usually occurs i n  hard water. It 
provides fair cover f o r  fish and produces excellent f o o d  f o r  young 
t rout ,  large and small m o u t h  bass, and black bass. 

VARIABLE PONDWEED (Potamogeton gramineus) 

Softstem bulrush is an emergent aquatic species. It supports insects Variable pondweed is a submergent species. However, it w i l l  occa- 
and provides f o o d  f o r  young f ish and many species o f  waterfowl. sionally grow o n  muddy  shores. Variable pondweed provides food  

and cover f o r  fish. 



WATER MILFOIL (Myriophyllum exalbescens) WATER SMARTWEED (Polygonurn natans) 

Water milfoil i s  a submergent plant which may cause extensive weed Water smartweed is found along the shoreline of shallow water. It 
problems in lakes and streams. However, when not overabundant, provides food and cover for fish and wildlife. Water smartweed is 
water milfoil provides cover for fish and is a valuable food source never abundant enough to cause aquatic nuisance problems. 
for many forms of aquatic life. 



W I L D  RICE (Zizania aquatica) -- 

Wl L D  C E L E R Y  O R  E E L  GRASS (Vallisneria americana) 

Eel grass is a submersed p lan t  which provides shade, shelter, and 
food  f o r  fish. It supports insects and is a valuable f o o d  source f o r  
waterfowl. Sometimes fo rm ing  dense growths, eel grass may  be 
undesirable i n  swimming areas. 

Wi ld  rice is a valuable emergent aquatic grass. Wi ld  rice prefers clean 
water w i t h  l o w  tu rb id i t y  dur ing the growing season. Wi ld  rice is an 
annual grass w i t h  seeds that  depend o n  suff icient l ight penetrat ion 
i n  spring and early summer f o r  germination. Wi ld  rice is an impor-  
tant  f o o d  source f o r  many species o f  fish and waterfowl. It is also 
a f o o d  source f o r  humans. 



YELLOW WATER Ll  LY  (Nuphar variegatum) 

Yellow water lily and white water lily are found in shallow portions 
of lakes and ponds. The leaves float on the surface of the water and 
algae and insects often grow under the leaves. Yellow and white 
water lilies provide shade and shelter for fish but may cause prob- 
lems because of the extensiveness of their beds in shallow portions 
of lakes. 



Appendix A-2 

REPRESENTATIVE PHYTOPLANKTON FOUND IN SOUTHEASTERN WISCONSIN LAKES 

Ana baena 

There are many individual species o f  the bluegreen algae, Anabaena. 
Some species are solitary while others form aggregated masses of 
indefinite shape. Anabaena seldom cause disagreeable conditions 
in  lakes and reservoirs when they bloom, as they remain suspended 
throughout the water column and do not form surface scums. How- 
ever, some species of Anabaena have been known t o  cause toxic 
water supplies which have caused animal fatalities. 

Anacystis 

Anacystis is a loose colony of small spherical bluegreen algae cells 
contained in a gelatinous mass. The colony floats in the water 
column and is visible t o  the naked eye. Like Anabaena, Anacystis 
have been known t o  cause toxic water supplies. 

Aphanizomenon 

Individual cells of Aphanizomenon form strands which lie parallel 
in  bundles and often occur so abundantly that the water appears t o  
be filled wi th bits of chopped grass. The individual cells contain air 
spaces which give the plants great bouyancy. This accounts for  the 
abundant growths of this bluegreen algae becoming concentrated on 
or near the surface where floating scum results. Dense growths may 
lead directly or indirectly to  the death o f  fish through oxygen deple- 
t ion or the secretion of toxins. 

131 

RETURN TO 
SOU~'H:A.STEEI~I i'! $?.70NSfM 

REGIONAL PL:ifil\;i,d!: crxu!xit~~nru 



Asterionella Oscillatoria 

The diatom, Asterionella, usually occurs as a member of lake Oscillatoria is a filamentous bluegreen algae that grows in dense 
plankton. It prefers hard-water lakes and is readily identified by the darkly colored clumps or mats. A characteristic of this bluegreen 

spoke-like arrangement of the rectangular arms about a common algae is the active oscillating movement for which it is named. 

center. Asterionella may be so abundant that lake water used for 
domestic water supplies may have a fishy taste. 

Dinobryon Microcystis 

Dinobryon typically inhabit hard water lakes and, under certain The cells of Microcystis, a bluegreen algae, are closely compacted 
conditions, may bloom. Dinobryon may produce disagreeable odors and irregularly arranged in colonies enclosed in mucilage. Where 
and tastes in domestic water supplies. some species of Microcystis occur, the habitat is completely domi- 

nated by this algae to  the exclusion of all other forms of algae. 
Dense growths o f  Microcystis may cause oxygen depletion or secrete 
toxins which cause fish kills. 



YELLOW GREEN ALGAE (Chrysophyta) 

Many freshwater Chrysophyta are restricted to cold brooks, especi- 
ally mountain streams, springs, and lakes duirng cool seasons. Most 
thrive in water relatively free of pollution. 



Appendix A 3  

A FORM OF ZOOPLANKTON FOUND IN SOUTHEASTERN WISCONSIN LAKES 

COPEPODS (Diacyclops thomasi) 

A common example of copepods found in permanent bodies of 
water of all types from shallow ponds and marshes to lakes is 
Diacyclops thomasi. The adults are predaceous on other zooplank- 
ton and can injure fish fry. 



Appendix A-4 

A FORM OF BENTHIC OR BOTTOM DWELLING ORGANISM 
FOUND IN SOUTHEASTERN WISCONSIN LAKES 

CADDISFLIES (Trichoptera) 

Caddisfly Larvae and Case 

Adult Caddisfly 

Caddisflies are found in most types of freshwater habitat, including 
streams, spring seepages, rivers, lakes, marshes, and temporary .pools. 
Their tolerance t o  organic pollution varies widely, wi th some species 
being quite tolerant. Caddisflies are a food source for many species 
of fish. 



Appendix A-5 

REPRESENTATIVE FISH SPECIES FOUND IN SOUTHEASTERN WISCONSIN LAKES 

BLACK BULLHEAD (Ictalurus melas) 

The black bullhead is common i n  shallow lakes and muddy  streams. 
It nests i n  shallow water o n  either a sand o r  m u d  bot tom. Bullheads 
are scavengers and w i l l  eat whatever f o o d  is available, such as m in -  
nows. leeches, crayfish, and amphipods. 

BLUEGILL (Lepomis macrochirus) 

BLACK CRAPPIE (Pomoxis nigromaculatus) 

The  black crappie prefers large streams and mediumsized lakes. It 
nests i n  water between three and six feet deep w i t h  a somewhat 
m u d d y  bo t tom.  Crappies feed o n  aquatic insects, small crustaceans, 
minnows, and other  small fish. 

The bluegill is found  in  nearly al l  clear water lakes and streams. It 
nests i n  shallow areas w i t h  sandy bottoms; nests are o f ten  crowded 
together. Bluegills feed o n  small aquatic insects, worms, snails, 
and amphipods. 



BLUNTNOSE MINNOW (Pimephales notatus) 

The bluntnose minnow is  common in lakes and streams, but not in 
large rivers. The nest is built under an object, such as a rock or log. 
Bluntnose minnows feed mainly on algae. 

BROWN TROUT (Salmo trutta) -- 

The brown trout is an introduced trout species which has become 
common in cold water streams. Nests or redds are built on sand and 
gravel bars at the mouths of tributaries. Young brown trout feed on 
small crustaceans and aquatic insects. Adults eat small fish, snails, 
crayfish, and terrestrial insects. 

BROOK TROUT (Salvelinus fontinalis) 

The brook trout, a native species in southeastern Wisconsin, prefers 
clear brooks and rivers in which the mean annual temperature rarely 
exceeds 50'~. The nest or redd i s  built on gravel bottoms in shal- 
low riffle areas. Brook trout feed on adult aquatic insects and 
their larvae. 

CARP (Cyprinus carpi01 - 

The carp is an introduced species which is tolerant of low dissolved 
oxygen conditions and prefers warm waters, with shallow mud- 
bottom lakes. Carp eat a wide variety of food. The uprooting of 
vegetation during feeding results in suspension of bottom sediments 
into the water column and a loss of aquatic plant beds which other 
fish species depend on. 



CENTRAL MUDMINNOW (Umbra limi) -- 

The central mudminnow prefers bog habitats, ditches, and streams 
with mud bottoms supporting dense aquatic vegetation. Spawning 
occurs in late spring and early summer. Mudminnows feed on 
insects, small crustaceans, and worms. COMMON SHINER (Notropis cornutus) 

CREEK CHUB (Semotilus atromaculatus) 

The common shiner occurs in habitats ranging from intermittent 
streams to large rivers and lakes. Common shiners are a forage fish 
that have value as a food source for game species. Shiners feed on 
small insects, crustaceans, and some algae. 

The creek chub prefers small streams and rivers but occasionally 
is found in lakes and large rivers. Creek chubs are quite common in 
beaver dam Pools and may compete with trout for food. Chubs 
feed on all types of insects, amphipods, vegetation, and other, 
smaller fish. 

FATHEAD MINNOW (Pimphales promelas) 

The fathead minnow prefers shallow lakes, ponds, and ditches. 
Nests are built on the underside of sticks, boards, and rocks in water 
between 3 and 12 inches deep. The fathead minnow can withstand 
very low oxygen conditions and, therefore, are very tolerant to 
pollution. Young fathead minnows feed on algae, while adults 
feed on a variety of aquatic insects, worms, and plants. The fathead 
minnow is a forage species and serves as a food source for many 
types of game fish. 



GRASS PICKERAL (Esox americanus vermiculatus) - 

The grass pickerel is common in  weedy por t ions o f  lakes and rivers. 
Pickerels are predators and as such feed almost exclusively o n  other 
fish. Grass pickerel are t o o  small t o  have much  value as a game fish. GREEN SUNFISH (Lepomis cyanellus) 

JOHNNY DARTER (Etheostoma nigrum) 

The green sunfish prefers small, shallow lakes and is common i n  
creeks. Green sunfish feed o n  aquatic insects and any f l y ing  insects 
that  happen t o  fal l  I n to  the water. Large numbers o f  stunted adults 
may occur i n  some lakes and as such may  decrease the viabi l i ty o f  
the existing fishery. 

The johnny darter occurs i n  relatively clean lakes and streams. Nests 
are b u i l t  under sticks and stones. The johnny darter feeds o n  algae 
and small, immature insects. 

LARGEMOUTH BASS (Micropterus salmoides) 

The largemouth bass prefers small- t o  medium-sized hardwater lakes 
w i t h  clear water, sandy shores, and marginal weed beds. The large- 
m o u t h  bass is carnivorous and as an adul t  feeds o n  perch, minnows, 
and small sunfish. 



LONGNOSE GAR (Lepisosteus osseus) - 

The longnose gar is a warmwater fish that often can tolerate surface 
waters which are too polluted for other species. Gars feed on game 
and forage fish and in some instances may alter fish populations 
enough t o  damage a fishery resource. 

MUSKELLUNGE (Esox - masquinongy) 

NORTHERN PIKE (Esox lucius) -- 

The muskellunge is common in  lakes but is seldom abundant 
because i t  requires a large area of water to  supply enough food for 
its voracious appetite. Spawning occurs in early May in tributary 
streams and shallow lake channels. Muskellunge are strictly carni- 
vorous, feeding primarily on perch and suckers. A hydrid strain 
(tiger muskie) is stocked in many lakes in southeastern Wisconsin. 

The northern pike is common in southeastern Wisconsin lakes. I t  
feeds on a variety of fish, including perch, small suckers, sunfish, 
and even smaller northern pike. Spawning occurs immediately 
after the ice melts in April or early May in wetlands adjacent to  
lakes and streams. 

PUGNOSE SHINER (Notropis anogenus) -- 

The pugnose shiner is threatened in Wisconsin. This small fish-up 
t o  two inches in length-prefers weedy waters in streams and lakes. 
Litt le is known about its life history as i t  is one o f  the rarest shiners. 
Changes by man in streams, rivers, and lakes have been responsible 
for  its disappearance and resulting inclusion on the threatened 
species list in Wisconsin. 



WALLEYE (Stizostedion vitreum vitreum) -- 

The walleye prefers clean and moderately warm t o  co ld  lakes and 
rivers. Spawning occurs i n  early spring o n  sand bars and shoals. 
Walleye feed o n  small minnows, small bullheads, and leeches. 
Walleye are a very desirable game fish. 

WHITE BASS (Morone chrysops) -- 

The whi te bass occurs in  large rivers and connected lakes. White bass 
usually travel i n  large schools near the surface. Eggs are scattered 

WHITE SUCKER (Catostomus commersoni) randomly o n  shallow bars and gravelly reefs. White bass feed o n  
insects and small fish. 

The  whi te  sucker occurs i n  almost every permanent body  o f  fresh 
water, f r o m  small streams t o  large lakes. White suckers have an 
impor tant  role i n  cleaning lakes and streams. White suckers are 
a forage species and serve as a f o o d  source f o r  many other  species 
o f  fish. 

YELLOW PERCH (Perca flavescens) 

Ye l low perch are schooling f ish common t o  lakes and streams which 
d o  n o t  experience winter  kills. Eggs are deposited in  a gelatinous, 
r ibbonl ike bank over submerged aquatic plants o r  branches. Perch 
are predaceous and feed o n  minnows, aquatic insects, crayfish, 
leeches, and snails. I n  addit ion, perch may compete w i t h  other game 
f ish f o r  food  and space i f  populat ions get t o o  large. 



Appendix B 

ANALYSIS OF STORM WATER MANAGEMENT ALTERNATIVES FOR 
STH-16 DRAINAGE AREA A T  ICE HOUSE BAY, OKAUCHEE LAKE 

INTRODUCTION 

One s p e c i f i c  s i t e  a t  which nonpoint po l lu t ion  con t ro l  p r a c t i c e s  were c l e a r l y  
i d e n t i f i e d  as  necessary was t h e  a rea  ly ing south of Okauchee Lake along t h a t  
por t ion  of STH 16 extending e a s t e r l y  approximately 2,,300 f e e t  from t h e  i n t e r -  
s e c t i o n  with CTH PP. The a rea  d ra ins  t o  I ce  House Bay a t  t h e  foot  of Jaeckles 
Boulevard. With t h e  reconst ruct ion  of t h i s  por t ion  of t h e  highway p a r t i a l l y  
completed i n  1979, l o c a l  r e s iden t s  reported severe  storm water management 
problems, including loca l i zed  s t r e e t  f looding,  damage t o  p r i v a t e  property due 
t o  t h e  f looding,  and s i g n i f i c a n t  cont r ibut ions  of sediment and associa ted  pol -  
l u t a n t s  t o  I ce  House Bay. 

A t  t h e  request  of t h e  Okauchee Lake Management D i s t r i c t  Commissioners, t h e  
problems and a s e r i e s  of a l t e r n a t i v e  measures t o  a l l e v i a t e  t h e  problems were 
analyzed j o i n t l y  by t h e  s t a f f s  of t h e  Wisconsin Departments of Transportat ion 
and Natural Resources, t h e  Waukesha County S o i l  and Water Conservation D i s  - 
t r i c t ,  and t h e  Regional Planning Commission. This appendix presents  t h e  
r e s u l t s  of those  analyses,  and includes an i d e n t i f i c a t i o n  of t h e  e x i s t i n g  
problems, an evaluat ion  of t h e  depth and volume of sediment deposi ted i n  I ce  
House Bay, a q u a n t i f i c a t i o n  of t h e  est imated peak r a t e s  of storm water runoff 
from t h e  t r i b u t a r y  a r e a ,  and an i d e n t i f i c a t i o n  and ana lys i s  of p o t e n t i a l  
measures t o  resolve  t h e  problems. The analyses took place  i n  two phases. The 
f i r s t  phase cons is ted  of an i d e n t i f i c a t i o n  of t h e  e x i s t i n g  storm water manage- 
ment problems and of t h e  h i s t o r i c  changes which have occurred i n  land use and 
i n  t h e  storm water drainage system which serves  t h e  a rea .  The second phase 
cons is ted  of t h e  i d e n t i f i c a t i o n  and ana lys i s  of a l t e r n a t i v e  storm water man- 
agement measures f o r  abat ing  t h e  problems of t h e  a rea .  

BACKGROUND AND PROBLEM IDENTIFICATION 

I n  order  t o  provide an understanding of t h e  e x i s t i n g  storm water management 
system serving t h e  a rea  which d ra ins  t o  Ice  House Bay a t  t h e  f o o t . o f  Jaeckles 
Boulevard, and t h e  e x i s t i n g  storm water management problems i n  t h a t  a rea ,  t h e  
e x i s t i n g  system was analyzed and t h e  development decis ions  leading t o  t h e  
e x i s t i n g  s i t u a t i o n  were reviewed. The p r i n c i p a l  f ea tu res  and components of 
t h e  storm water management system f o r  t h e  drainage a rea  a r e  i l l u s t r a t e d  on 
Maps B - 1  and B-2. Table B - 1  summarizes se lec ted  c h a r a c t e r i s t i c s  of t h e  storm 
water management system serving t h e  a rea  under e x i s t i n g  and h i s t o r i c  condi- 
t i o n s .  The r e s u l t s  of these  analyses may be summarized as fol lows:  

1. The Wisconsin Department of Transpor ta t ion  (WisDOT), i n  converting 
STH 16 from a two-lane t o  a four- lane  divided l imi ted  access high- 
way, undertook a major highway reconst ruct ion  p r o j e c t  i n  por t ions  of 
t h e  Towns of Oconomowoc, Summit, Merton, and De la f i e ld .  P r i o r  t o  
reconst ruct ion  i n  1978, t h e  drainage a r e a  concerned discharged i n t o  
a 24-inch diameter storm sewer constructed of corrugated metal 
cu lve r t  pipe (CMCP) located on t h e  west s i d e  of Jaeckles  Boulevard, 
a s  shown on Map B - 1 .  The drainage a r e a  of approximately 26 acres  
t r i b u t a r y  t o  t h i s  storm sewer is  a l s o  shown on Map B - 1 .  A s  i n d i -  



Map B-1 

STORM WATER MANAGEMENT FACILITIES IN THE STH 16 AREA NEAR 
ICE HOUSE BAY, OKAUCHEE LAKE BEFORE 1978-1979 CONSTRUCTION 

LEOEND 

DIRECT DRAINAOE TO OKWIUCIIEE LAKE 

MLfl TRIWTARI  TO C A W  -IN AT ?ME PO07 OF J A E C I L E S  BDULEYaRD, 
SFORE 1478-1979 C O N S T R W I W  

m E A  TRIBUTMYTO OKAUCIIEE LAIKE THROUGH A 24 INCN CORRUBATED METAL CULVERT PlPE 
STORM SEWER ON WEST SIDE OF JAECKLES BOULEVARD, BEFORE 1978 - 1879 CONSTRUCTION - 24 lNCH CORRUGATED METAL CULVERT PlPE STORM SEWER 

--- 29 INCH BY 18 INCH C O R R U T E O  METAL PIPE ARCH STORM SEWER 
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Source: SEWRPC. 

cated  i n  Table B - 1 ,  t h e  peak r a t e  of storm water runoff  from t h e  26- 
a c r e  drainage a r e a  f o r  a 25-year recurrence i n t e r v a l  storm event-- 
normally used by t h e  WisDOT f o r  t h e  des ign  of t h i s  type  of drainage 
improvement--was est imated a t  16.2 cubic f e e t  per  second ( c f s ) .  The 
24-inch diameter CMCP storm sewer te rminates  about 200 f e e t  from I c e  
House Bay, a t  which po in t  storm water i s  p resen t ly  conveyed t o  I c e  
House Bay by a 29-inch by 18-inch storm sewer cons t ruc ted  of corru-  
gated metal p ipe  arch (CMPA) having a peak hydraul ic  capaci ty  of 



Map 8-2 

STORM WATER MANAGEMENT FACILITIES IN THE STH 16 AREA NEAR 
ICE HOUSE BAY, OKAUCHEE LAKE AFTER 1978 CONSTRUCTION 
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Table B-1 

SELECTED CHARAC-TERISTICS OF THE STORM WATER MANAGEMENT SYSTEM 
FOR THE DRAINAGE AREA DIRECTLY TRIBUTARY T O  ICE HOUSE BAY 

A T  JAECKLES BOULEVARD: HISTORIC AND CURRENT (1980) CONDITIONS 

1 I I I I I I I I I I 

Note: All d e s ~ g n  data obtained from Wlscons lr~  Department of Transportation. 

Description 

1941- 
1965 . . . . .  After west plpe was installed 

discharging to a rip-rapped 
ditch at the foot of Jaeckles 
Boulevard 

1965- 
1977 . . . . .  After west pipe was installed 

discharging to storm sewer 
with 29" x 18'' corrugated metal 
pipe arch storm sewer 

1978- 
Present.. After flrst stage of STH 16 recon- 

struct~on but based on topography 
prior to development of the Vlsta 
Park Subdivision 

Sourre :  W ~ s r o n s n u  Department of Transportation and SEWRPC 

only about 7.5 c f s .  This 29-inch by 18-inch CMPA storm sewer was 
i n s t a l l e d  i n  1965, replac ing an open drainage d i t c h  i n  t h e  same lo-  
ca t ion .  As shown on Map B - 1 ,  an add i t iona l  9 .2  acres  of land adja-  
cent  t o  Jaeckles Boulevard was a l s o  drained d i r e c t l y  t o  t h e  29-inch 
by 18-inch CMPA storm sewer. 

Drainage System Component Hydraulic Capacity, 
25-Year Recurrence Interval Flow Estimates and Acre%e--o_f Tributary Area 

In a d iscuss ion of poss ib le  causes f o r  t h e  storm water system f a i l -  
ures a s  a  r e s u l t  of a  s e r i e s  of p r e c i p i t a t i o n  events i n  1979, loca l  
r e s iden t s  ind ica ted ,  and t h e  WisDOT s t a f f  concurred, t h a t  t h e  pre-  
vious topography and drainage c h a r a c t e r i s t i c s  of t h e  t r i b u t a r y  
area--pr ior  t o  t h e  1978 const ruct ion  project--had served t o  r e t a i n  
and s t o r e  storm water ,  thereby reducing t h e  peak r a t e  of flows 
del ivered  t o  t h e  undersized 29-inch by 18-inch CMPA storm sewer a t  
t h e  foo t  of Jaeckles Boulevard during a major storm event .  The 
ava i l ab le  da ta  indica ted  t h a t  i n  t h e  p a s t - - p r i o r  t o  t h e  highway 
reconst ruct ion  project--storm water damage was prevented i n  p a r t  by 
t h e  n a t u r a l  r e t e n t i o n  capaci ty  of t h e  drainage system. I n  add i t ion ,  
it was indica ted  t h a t  a  lack of r egu la r  maintenance on t h e  storm 
water drainage system upstream from t h e  29-inch by 18-inch CMPA 
storm sewer may have r e s u l t e d  i n  a  reduced capaci ty  of t h e  upstream 
components of t h e  drainage system t o  d e l i v e r  storm water t o  t h e  
c u l v e r t .  This i s  bel ieved t o  have prevented t h e  maximum flow r a t e s  
from reaching t h e  29-inch by 18-inch CMPA storm sewer a t  t h e  foot  of 
Jaeckles Boulevard, r e s u l t i n g  ins tead  i n  t h e  water being backed up 
i n  t h e  pre-1978 STH 16 right-of-way i t s e l f ,  upstream from t h e  i n l e t  
t o  t h e  storm sewer where f looding problems were experienced a f t e r  
t h e  1978 reconst ruct ion  of STH 16. 

24-Inch Diameter Storm Sewer 
(RCCP) and 28" x 20" Storm 

Sewer (CMPA) Along 
East Side of Jaeckles Boulevard 

20.0 

-- 

24-Inch Diameter Storm 
Sewer (CMCP) Along West 

7.5 

Estimated 
Hydraulic 
Capacity 

(cfs) 

.- 

-- 

Channel (Pre-1965), or 
29" x 18" Storm Sewer (CMPA) at 
Foot-_ofJaeckles Boulevard 

17.7 
1978- 
Present.. After first stage of STH 16 recon- 

structlon based on topography after 
development of the Vista Park Sub- 

Boulevard 

Tributary 
Area 

(acres)  

26.0 

26.0 

Side 
Estimated 
Hydraulic 
Capac~ty 

(cfs) 

19.0 

19.0 

19.0 27.6 

Estimated 
Flow 
(cfs) 

-- 

-- 

Tributary 
Area 

(acres)  

35.2 
(26.0 + 
9.2) 

20.0 7.5 

- 

Estimated 
- 

Hydraul~c 
Capacity 

(cfs) 

19.0 

7.5 

of Jaeckles - 
Estimated 
Flow 
(cfs) 

16.2 

16.2 

19.0 

Tributary 
Area 
(acres)' 

- - 
(26.0 t 
9.2) 

27.6 

-- 

Estimated 
Flow 
(cfs) 

16.2 

23.8 

17.7 

--- 
27.0 35.0 39.8 32.0 



2. Upon completion of t h e  1978 reconst ruct ion  p r o j e c t ,  t h e  t r i b u t a r y  
drainage a rea  was modified, a s  shown on Map B-2, with t h e  a r e a  
t r i b u t a r y  t o  t h e  then-ex i s t ing  24-inch diameter CMCP storm sewer 
being reduced from approximately 26.0 acres  t o  approximately 20.0 
ac res .  In  add i t ion ,  approximately 7.0 acres  of land adjacent  t o  
Jaeckles Boulevard was drained d i r e c t l y  t o  t h e  29-inch by 18-inch 
CMPA storm sewer, a s  shown on Map B-2. 

As p a r t  of t h e  1978 reconst ruct ion  p r o j e c t ,  a new 24-inch diameter 
storm sewer constructed of re inforced concrete cu lve r t  p ipe  (RCCP) 
was l a i d  along t h e  eas te rn  s i d e  of Jaeckles Boulevard p a r a l l e l  t o  
t h e  e x i s t i n g  24-inch diameter CMCP storm sewer from t h e  STH 16 
frontage road t o  a point  about 250 f e e t  south of I c e  House Bay. A t  
t h i s  po in t ,  a new 28-inch by 20-inch CMPA storm sewer was i n s t a l l e d  
t o  convey storm water t o  the  shore l ine  of I ce  House Bay, adjacent  t o  
t h e  point  of discharge of t h e  29-inch by 18-inch CMPA storm sewer 
located t o  t h e  west.  This new sewer was designed t o  d r a i n  approx- 
imately 23.0 ac res ,  a s  shown on Map B - 1 ,  and was designed t o  convey 
an estimated 31.8 c f s  peak flow during a 25-year recurrence i n t e r v a l  
storm event.  The a c t u a l  capaci ty  of t h e  new storm sewer, a s  con- 
s t r u c t e d ,  i s  est imated t o  have been 35.0 c f s .  Thus, a t o t a l  of 
about 50.0 acres  was then t r i b u t a r y  t o  I ce  House Bay a t  t h e  point  of 
discharge.  Immediately following i n i t i a l  cons t ruct ion  of t h i s  new 
24-inch diameter RCCP storm sewer, and p r i o r  t o  completion of t h e  
STH 16 reconst ruct ion  p r o j e c t ,  two major storm events occurred. A t  
t h e  time, t h e  i n s t a l l a t i o n  of s o i l  erosion contro l  measures--includ- 
ing re-vegeta t ion  of t h e  cons t ruct ion  area--had not been completed. 
These events were estimated by WisDOT s t a f f  t o  have been g r e a t e r  
than 50-year recurrence i n t e r v a l  events .  The r e s u l t i n g  f looding 
damage t o  property and t h e  sediment load t o  I ce  House Bay aroused 
s i g n i f i c a n t  publ ic  concern, and resu l t ed  i n  a request  t o  t h e  Okau- 
chee Lake Management D i s t r i c t  t o  address t h i s  problem. That agency, 
i n  t u r n ,  contacted t h e  Wisconsin Department of Natural Resources 
(DNR) and WisDOT. 

3 .  A t  t h e  request  of t h e  DNR,  WisDot-District 2 obtained a s e r i e s  of 
sediment core samples on January 25 and March 6 ,  1980, i n  order  t o  
i d e n t i f y  t h e  depth and d i s t r i b u t i o n  of t h e  sediments derived from 
t h e  storm water runoff from t h e  STH 16 p r o j e c t  a rea .  The r e s u l t s  
a r e  reported i n  a WisDOT s t a f f  f i l e  memorandum dated Apri l  21, 1980, 
from Mr. Lewis H .  Updike, C i v i l  Engineer. As indica ted  on Map B-3, 
an estimated 175 cubic yards of sediment were deposi ted a t  depths 
ranging up t o  3.0 f e e t  and over an area  of about 0.5 ac re .  A t  an 
interagency meeting held  on Ju ly  8 ,  1980, t h e  WisDot s t a f f ,  with t h e  
concurrence of t h e  DNR Southeast D i s t r i c t  s t a f f ,  agreed t o  seek t o  
have t h e  cont rac tor  remove approximately 110 cubic yards of sediment 
from t h a t  a rea  shown on Map B-3 having a sediment deposi t  of g r e a t e r  
than 0 . 1  foot  i n  depth. 

4 .  Upon f u r t h e r  ana lys i s  of t h e  storm water drainage system, it became 
apparent t h a t  a s e r i e s  of development decis ions  i n  t h e  areas  t r i b u -  
t a r y  t o  t h e  newly constructed 24-inch diameter RCCP storm sewer on 
t h e  e a s t  s i d e  of Jaeckles  Boulevard had r e s u l t e d  i n  approximately 
32.0 ac res - - ra the r  than t h e  23.0 acres  o r i g i n a l l y  assumed i n  t h e  
design--being t r i b u t a r y  t o  t h i s  storm sewer. This incremental 
t r i b u t a r y  a rea  of about 9 .0  acres  i s  shown on Map B-2. Table B - 1  



Map B-3 

SURVEYED SEDIMENTATION IN ICE HOUSE BAY 
A T  THE FOOT OF JAECKLES BOULEVARD 

Source: Wisconsin Department of Transportation. 



r e f l e c t s  t h e  increased peak flow estimated t o  be associa ted  with 
t h i s  new condi t ion .  A s  shown, t h e  estimated peak flow during t h e  
25-year recurrence i n t e r v a l  storm event increased by 8 .0  c f s ,  from 
31.8 c f s  t o  39.8 c f s .  This flow exceeds t h e  35.0 c f s  design capac- 
i t y  of t h e  24-inch diameter RCCP storm sewer. 

5 .  Based upon t h e  inves t iga t ions  and analyses conducted, it was con- 
cluded t h a t  a combination of seve ra l  f a c t o r s ,  including t h e  occur- 
rence of storms l a r g e r  than t h e  design storms, lack of cons t ruct ion  
eros ion con t ro l  p r a c t i c e s ,  and l o c a l  ac t ion  t o  i n s t a l l  a c u l v e r t  
p ipe  i n  p lace  of an open d i t c h ,  thereby reducing t h e  hydraul ic  
capaci ty  of t h e  drainage system on t h e  west s i d e  of Jaeckles  Boule- 
vard,  together  were t h e  causes of the  f looding and sediment problems 
associa ted  with t h e  drainage area  adjacent  t o  Jaeckles Boulevard and 
I c e  House Bay. 

ALTERNATIVES ANALYSIS 

A s  an outgrowth of t h e s e  analyses which i d e n t i f i e d  t h e  e x i s t i n g  problems, t h e  
Okauchee Lake Management D i s t r i c t  requested t h a t  t h e  Commission.staff, a s  p a r t  
of t h e  ongoing Okauchee Lake management p lan ,  review t h e  e x i s t i n g  problems and 
i d e n t i f y  a l t e r n a t i v e  measures which could be considered t o  abate  t h e  i d e n t i -  
f i e d  problems. In  response t o  t h i s  l o c a l  concern, an ana lys i s  was conducted 
of seve ra l  a l t e r n a t i v e  courses of ac t ion .  These a l t e r n a t i v e s  a r e  intended t o  
reduce t h e  nonpoint source p o l l u t a n t  loadings t o  t h e  lake s i g n i f i c a n t l y ,  a s  
wel l  as  t o  reduce t h e  t h r e a t  of storm water damage. 

More s p e c i f i c a l l y ,  a systems ana lys i s  was conducted f o r  t h e  purpose o f :  1)  
determining volumes and r a t e s  of storm water runoff and po l lu tan t  loadings 
associa ted  with t h a t  runoff;  2 )  i den t i fy ing  a l t e r n a t i v e s  f o r  reducing t h e  
nonpoint source p o l l u t a n t  loads t o  t h e  lake;  3) iden t i fy ing  poss ib le  locat ions  
o r  s i t e s  f o r  t h e  storm water management system components of each a l t e r n a t i v e ;  
and 4) es t imat ing  t h e  cos t - -as  well  a s  o ther  cons idera t ions--associa ted  with 
each a l t e r n a t i v e .  The ana lys i s  was made i n  s u f f i c i e n t  depth t o  permit com- 
par ison of a l t e r n a t i v e s .  However, more d e t a i l e d  engineering w i l l  be needed 
p r i o r  t o  implementation of a se lec ted  a l t e r n a t i v e .  

A s  noted,  t h e  ana lys i s  conducted and the  a l t e r n a t i v e s  considered were d i r e c t e d  
c h i e f l y  toward reducing t h e  po l lu tan t  loads t o  Okauchee Lake from nonpoint 
sources.  However, most of t h e  s t r u c t u r a l  components of t h e  a l t e r n a t i v e s  w i l l  
a l s o  a f f e c t  t h e  hydraulics  of t h e  storm water drainage system serv'ing t h e  a rea  
under cons idera t ion .  Thus, t h e  impact of t h e  a l t e r n a t i v e s  on t h e  hydraul ics  
of t h e  drainage system and t h e  r e l a t e d  f looding problems were a l s o  considered 
i n  t h e  ana lys i s .  

The a l t e r n a t i v e s  considered consis ted  of storm water s to rage  and conveyance 
components, a s  well  a s  of bas ic  land management p r a c t i c e s .  The s torage-  
o r i en ted  components of t h e  a l t e r n a t i v e s  were s i zed  t o  con t ro l  2.3 inches of 
runoff ,  which corresponds t o  approximately a f ive-year  recurrence i n t e r v a l  
p r e c i p i t a t i o n  event with a minimum antecedent dry period of from 12 t o  24 
hours and minimum subsequent dry period of from 12  t o  24 hours.  Analyses 
i n d i c a t e  t h a t  only l imi ted  add i t iona l  benef i t  f o r  cont ro l  of p o l l u t a n t s  would 
be obtained by s i z i n g  storage-sedimentat ion f a c i l i t i e s  f o r  l a r g e r  recurrence 
i n t e r v a l  s torms. '  

'See SEWRPC Technical Report No. 18,  State of the Ar t  of Water Pollution 
Control in  Southeastern Wisc~ns in ,  Volume Three ,  Urban Storm Water Runoff .  



Design of t h e  conveyance-oriented components of t h e  a l t e r n a t i v e s  was based 
upon a 25-year recurrence i n t e r v a l  p r e c i p i t a t i o n  event ,  i n  order  t o  be cons is -  
t e n t  with t h e  b a s i s  of design used by t h e  Wisconsin Department of Transpor- 
t a t i o n  i n  s i z i n g  t h e  STH 16 storm water drainage system i n t o  which t h e  
a l t e r n a t i v e  components a r e  t o  be in teg ra ted .  Refinements i n  t h e  s to rage  ca- 
p a c i t y  should be considered i n  subsequent f i n a l  designs t o  optimize t h e  s i z e  
of t h e  s to rage  f a c i l i t i e s  i n  r e l a t i o n  t o  o ther  components of t h i s  storm water 
drainage system. The es t imates  of p o l l u t a n t  loadings and of l e v e l s  of con t ro l  
associa ted  with da ta  developed f o r  t h e  regional  water q u a l i t y  management p lan  
a r e  documented i n  SEWRPC Planning Report N;. 30, A ~ e ~ i d n a l  Water ~ u a l i t ~  Man- 
agement Plan f o r  Southeastern Wisconsin: 2000, Volume One, Inventory Find- 
ings ,  and Volume Two, Al te rna t ive  Plans ,  and presented i n  more d e t a i l  i n  - 
SEWRPC Technical Report No. 18, Volume Three, Urban Storm Water Runoff, and 
Volume Four, Rural Storm Water Runoff. 

A s  p a r t  of t h e  a n a l y s i s ,  drainage areas  were del ineated  and measured on, where 
ava i l ab le ,  1" = 100' s c a l e  2 '  contour i n t e r v a l  topographic maps and, where 
such maps were not  ava i l ab le ,  on 1" = 400' r a t ioed  and r e c t i f i e d  a e r i a l  
photographs. The drainage a rea  de l inea t ions  were f ield-checked i n  order  t o  
r e f l e c t  proper ly  land development decis ions  made through January 1981, and 
thus  represent  f u r t h e r  refinements t o  t h e  de l inea t ions  of t h e  drainage l i m i t s  
u t i l i z e d  i n  previous analyses.  

The Commisision analyzed four ac t ion  a l t e r n a t i v e s  f o r  reducing t h e  i d e n t i f i e d  
problems i n  t h e  STH 16 a rea  near I ce  House Bay, a s  well  as  a "No Action" 
a l t e r n a t i v e .  The p r inc ipa l  components of these  a l t e r n a t i v e s  a r e  shown on Maps 
B-4, B-5, and B-6. The p r i n c i p a l  f ea tu res  and c o s t s  of these  a l t e r n a t i v e s  a r e  
summarized i n  Table B-2, and each a l t e r n a t i v e  i s  b r i e f l y  described below. 

Alternative 1 : "No Action" Beyond Planned Highway Drainage Design Changes 
The f i r s t  a l t e r n a t i v e  i s  considered t h e  "No Action" a l t e r n a t i v e .  This a l t e r -  
n a t i v e  incorporates committed storm water management proposals  t h a t  a r e  
included i n  t h e  current  WisDOT designs f o r  STH 16 which would be i n s t a l l e d  
when t h e  remaining segment of t h e  proposed STH 16 reconst ruct ion  i s  completed. 
A t  t h a t  t ime t h e  WisDOT would incorpora te  i n t o  t h e  cons t ruct ion  p r o j e c t  ce r -  
t a i n  conventional storm water management p rac t i ces  provided f o r  under t h e  
highway improvement design.  As p resen t ly  planned by WisDOT, t h e  drainage 
p a t t e r n  i n  t h e  a rea  would be modified as shown on Map B-4, including diverson 
of storm water from about 1 2 . 7  acres  of t h e  46.0-acre area  now t r i b u t a r y  t o  
I ce  House Bay v i a  the  two 24-inch storm sewers located a t  t h e  i n t e r s e c t i o n  of 
Jaeckles Boulevard and t h e  STH 16 frontage road. Following const ruct ion ,  
about 3 3 . 3  acres  would be drained t o  these  two storm sewers. Erosion con t ro l s  
would be provided during and a f t e r  cons t ruct ion .  These components of t h e  
a l t e r n a t i v e  would be implemented a t  t h e  time t h a t  funding f o r  t h e  next phase 
of t h e  STH 16 const ruct ion  p r o j e c t  became ava i l ab le .  The p r i n c i p a l  components 
of t h i s  a l t e r n a t i v e  a r e  shown on Map B-4. Under t h i s  a l t e r n a t i v e  no addi-  
t i o n a l  cons t ruct ion  eros ion con t ro l  measures would be provided f o r  i n  t h e  
in ter im period u n t i l  t h e  next phase of t h e  STH 16 reconst ruct ion  p r o j e c t .  

I t  should be noted t h a t  during t h e  in ter im period u n t i l  t h e  next phase of t h e  
STH 16 p r o j e c t ,  storm water runoff from approximately 46.0 acres of land would 
continue t o  be discharged t o  Okauchee Lake through t h e  e x i s t i n g  drainage 
system. Of t h i s  t o t a l  drainage a rea ,  approximately 6.9 acres p resen t ly  have 
no vegeta t ive  cover and have a high p o t e n t i a l  f o r  erosion due t o  t h e  previous 
cons t ruc t  ion  a c t i v i t y  . On t h e  next  phase of highway reconst ruct  ion,  t h e  
drainage system would be modified t o  d i v e r t  a por t ion  of t h e  drainage a rea  t o  



Map B-4 

ALTERNATIVE 1: "NO ACTION" AND ALTERNATIVE 2: 
SHORT TERM MEASURES TO PROVIDE IMMEDIATE NONPOINT 

SOURCE POLLUTION CONTROLS FOR THE STH 16 
DRAINAGE AREA A T  ICE HOUSE BAY, OKAUCHEE LAKE 
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Source: SEWRPC. 
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Map B-5. -- 

ALTERNATIVES 3 AND 3A: IN-BASIN STORM WATER STORAGE MEASURES 
TO PROVIDE LONG TERM NONPOINT SOURCE POLLUTION CONTROLS 

FOR THE STH 16 DRAINAGE AREA A T  ICE HOUSE BAY, OKAUCHEE LAKE 
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Source: SEWRPC. 



Map B-6 

ALTERNATIVE 4: DIVERSION WITH LIMITED IN-BASIN STORAGE MEASURES 
TO PROVIDE LONG TERM NONPOINT SOURCE POLLUTION CONTROLS 

FOR THE STH 16 DRAINAGE AREA A T  ICE HOUSE BAY, OKAUCHEE LAKE 
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Source: SEWRPC. 

EXISTING CATCH BAslN 

E X I S T I N O  MANHOLE 

PROPOSED CATCH B&51N 

-POSED WNHOLE 

P-OPOSED STORMWATER DE7?NTlOhl BASIN 

PROPOSED STDRMWaTER CHECK DAM 

PROPOSED DIVERSION JEWEII  

PROPOSED DlVERSlDN CATCH BASIN 



Table 8 -2  

PRINCIPAL FEATURES AND COSTS OF STORM WATER 
MANAGEMENT ALTERNATIVES FOR THE STH 16 DRAINAGE 

AREA A T  ICE HOUSE BAY, OKAUCHEE LAKE 

Alternative Number 

1 "No Act ion" d 
Pre-Construction STH 16 to CTH PP &... 
Post-Construction STH 16 to CTH PP ... 

Total 

2 Interim Erosion Control and Storm 
Water Management Measures d 
Pre-Construction STH 16 to CTH PP &.. 
Post-Construction STH 16 to CTH PP .. 

Total 

3 Maximum In-Basin Storage d 
Pre-Construction STH 16 to CTH PP &... 
Post-Construction STH 16 to CTH PP ... 

Total 
-- 

3A Limited In-Basin Storm 
Water Storage d Pre-Construction STH 16 to CTH PP &.. 
Post-Construction STH 16 to CTH PP .. 

Total 

4 Diversion With Limited In-Basin 
Storm Water Storage 
Pre-Construction STH 16 to CTH PP d e . .  
Post-Construction STH 16 to CTH PP .. 

Total 

Estimated 
Tributary 
Area 

Westb 

22.2 
7.4 

- 

22.2 
7.4 

-- 

22.2 
7.4 

-- 

22.2 
7.4 

-- 

22.2 
7.4 

-- 

Hydraulic 
Estimated Maximum 

Storm Water 
Discharge Rate 

(acres) 

~ast' 

23.8 
25.9 

-- 

23.8 
25.9 

-- 

23.8 
25.9 

-- 

23.8 
25.9 

-- 

23.8 
5.4 

-- 

Discharge 

Estimated 
Annual Average Total 
Discharge Volume 

Total 

46.0 
33.3 

-- 

46.0 
33.3 

-- 

46.0 
33.3 

- 

46.0 
33.3 

-- 

46.0 
12.8 

-- 

(cubic feet 

(million 

West 

4.2 
1.1 

-- 

2.9 
1.1 

-- 

2.9 
1.1 

- 

2.9 
1.1 

- 

2.9 
1.1 

- 

West 

5-Year 

24 8 
10.0 

-- 

23.1 
10.0 

-- 

23.1 
9.6 

-- 

23.1 
9.6 

-- 

23.1 
9.6 

-- 

per second) 

b 

25-Year 

33.6 
13.6 

-- 

31.8 
13.6 

-- 

31.8 
13.1 

-- 

31.8 
13.1 

-- 

31.8 
13.1 

-- 

5-Year 

20.3 
24.9 

- 

19.8 
24.9 

-- 

19.8 
21.4 

-- 

19.8 
21.4 

-- 

19.8 
8.2 

-- 

gallons) 

~ast' 

4.1 
3.3 

-- 

2.7 
3.3 

-- 

2.7 
3.0 

- 

2.7 
3.0 

-- 

2.7 
0.7 

- 

~ast' 

25-Year 

28.0 
34.3 

-- 

27.3 
34.3 

-- 

27.3 
28.2 

-- 

27.3 
28.2 

-- 

27.3 
11.4 

-- 

Total 

8.3 
4.4 

-- 

5.6 
4.4 

- 

5.6 
4.1 

-- 

5.6 
4.1 

- 

5.6 
1.8 

-- 
i 



Table B-2 (continued) 

:cost data are based upon January 1980 dollars. 
Designates area tributary to the west 24" diameter CMCP storm sewer at Jaeckles Boulevard and Frontage Road. 
>esignates area tributary to the east 24" diameter RCCP storm sewer at Jaeckles Boulevard and Frontage Road. 
Designates the existing drainage conditions prior to construction of the remaining segment of STH 16 to CTH PP 
but after the alternative measures are in place. For cost analysis purposes, it was assumed the project would be 
completed by 1986. 

;Designates the proposed drainage condition after completion of STH 16 to CTH PP (estimated to be in 1986). 
These costs are common to all alternatives and for comparison purposes, are not shown. 
g~omputed against loading resulting from alternative No. 1. 

Alternative Number 

1 "No Action" 
Pre-Construction STH 16 to CTH P P ~  . . . 
Post-Construction STH 16 to CTH PP'. . . 

Total 

2 Interim Erosion Control and Storm 
Water Management Measures 
Pre-Construction STH 16 to CTH ppd .. 
Post-Construction STH 16 to CTH PP'.. 

Total 

3 Maximum In-Basin Storage 
Pre-Construction STH 16 to CTH pPd . . . 
Post-Construction STH 16 to CTH PP'.. . 

Total 

3A Limited In-Basin Storm 
Water Storage 
Pre-Construction STH 16 to CTH ppd .. . 
Post-Construction STH 16 to CTH PP'.. . 

Total 

4 Diversion With Limited In-Basin 
Storm Water Storage 
Pre-Cot~struction STH 16 to CTH Ppd . . . 
post-~onetruction STH 16 to CTH PP'. . . 

Total 

Source: SEWRPC 

Estimated Total Annual Pollutant Loading 

Total 
sediment 
Loading 

(tonslyear) 

4 90 
175 

-- 

245 
175 

- 

245 
100 

-- 

245 
140 

- 

245 
6 5 

-- 

Estimated Costa Potential to 

Percent 
Eleductiong 

-- 
-- 
-- 

50 
0 

-- 

50 
43 

-- 

50 
20 

-- 

50 
63 

-- 

Total 
Capital 
Cost 

Economic Analysis 
- --- -- 

Present Worth 

Ice House Bay 

Total 
Phosphorus 
Loading 

(pounds/year) 

350 
34 

-- 

74 
34 

-- 

74 
28 

- 

74 
3 1 

-- 

74 
14 

-- 

Annual 
Operation and 
Maintenance Capital 

$ -- f 
-- 
-- 

21,OPO -- 
21,000 

21,000 
181.100 

202,100 

21.000 
15.600 

36,600 

21,000 
48,600 

$ 69,600 

~stimates~ 
- - - -- - - - -. . - 

Equivalent Annual 
Cost (1980-2000) 
Operation and 

Capital Maintenance 

$ --f 

Percent 
~eduction~ 

-- 
-- 
-- 

79 
0 

- 

7 9 
18 

-- 

79 
9 

-- 

7 9 
59 

-- 

20-Year 
Average 
Annual 

Operation and 
Maintenance 

-- 
-- 

1.9fO -- 

1,980 

1,980 
17,100 

19,080 

1,980 
1,470 

3,450 

1,980 
4,590 

$ 6.570 

$ --f -- 
-- 

275 
--f 

275 

275 
4,875 

5,150 

275 
750 

1.025 

275 
1,125 

$ 1,400 

(1980-2000) 
Operation and 
Maintenance 

$ --f 

-- 

-- 

4,5?0 -- 
4,500 

4,500 
42,200 

46,700 

4.500 
6,500 

11,000 

4,500 
9,700 

$14 200 

-- 
-- 

21,OPO 
-- 

21,000 

21,000 
254,000 

275,000 

21.000 
21,900 

42,900 

21,000 
68.200 

$ 89,200 

Total 

$ --f 

-- 

-- 

25,500 
- 

25,500 

25,500 
223,300 

248,800 

25,500 
22,100 

47.600 

25,500 
58,300 

$ 83.800 

-- 
- 

1,190 -- 

- 

1.100 
6,500 

- 

1,100 
1.000 

-- 

1,100 
1,500 

-- 

-- 

420 - 
420 

420 
4,000 

4,420 

4 20 
610 

1,030 

420 
910 

$1.330 

-- 
- 

2,490 - 

2,400 

2,400 
21,100 

23,500 

2,400 
2,080 

4,480 

2,400 
5,500 

$ 7.900 



t h e  smal l ,  i n t e r n a l l y  drained pond located south of t h e  Chicago, Milwaukee, 
S t .  Paul & P a c i f i c  Railroad Company ( t h e  Milwaukee Road) and e a s t  of CTH PP, 
r e s u l t i n g  i n  a reduction of about 12.7 acres  i n  t h e  a rea  t r i b u t a r y  t o  t h e  two 
24-inch storm sewers a t  t h e  i n t e r s e c t i o n  of Jaeckles  Boulevard and t h e  STH 16 
frontage road. A t  t h a t  time conventional erosion contro l  p r a c t i c e s ,  inc luding 
t h e  p lan t ing  of vegeta t ive  cover,  would a l s o  be implemented, abat ing  t h e  high 
eros ion p o t e n t i a l  i n  t h e  a r e a .  For purposes of es t imat ing  comparable c o s t s  
f o r  t h e  a l t e r n a t i v e s ,  it was assumed t h a t  t h e  next phase of STH 16 improvement 
p r o j e c t  would be completed by 1986. 

Under Al te rna t ive  1, t h e  average annual loading of sediment and phosphorus 
cont r ibuted  t o  Okauchee Lake from t h e  drainage a rea  being analyzed is  e s t i -  
mated t o  approximate 490 tons  and 350 pounds, r e spec t ive ly ,  u n t i l  completion 
of t h e  next phase of t h e  STH 16 reconst ruct ion  p r o j e c t .  The t o t a l  annual 
average storm water volume discharged from t h e  drainage a rea  t o  Okauchee Lake 
i s  est imated t o  be 8 . 3  mi l l ion  ga l lons ,  occurring i n  about 46 events .  The 
maximum discharge r a t e s  from t h e  drainage a rea  t r i b u t a r y  t o  t h e  24-inch d i -  
ameter CMCP storm sewer on t h e  west s i d e  of Jaeckles  Boulevard a r e  est imated t o  
be 24.8 c f s  f o r  a f ive-year  recurrence i n t e r v a l  r a i n f a l l  event ,  and 33.6 c f s  
f o r  a 25-year recurrence i n t e r v a l  event .  The maximum discharge r a t e s  from t h e  
a rea  t r i b u t a r y  t o  t h e  24-inch diameter RCCP storm sewer on t h e  e a s t  s i d e  of 
Jaeckles  Boulevard a r e  est imated t o  be 20.3 c f s  f o r  a f ive-year  recurrence i n -  
t e r v a l  r a i n f a l l  and 28.0 c f s  f o r  a 25-year recurrence i n t e r v a l  event .  

Following completion of t h e  next phase of t h e  STH 16 reconst ruct ion  p r o j e c t ,  
t h e  average annual loadings from t h e  drainage a rea  may be expected t o  approx- 
imate 175 tons of sediment and 34 pounds of phosphorus t o  t h e  lake ,  reductions 
of 64 and 91 percent ,  r e spec t ive ly ,  from e x i s t i n g  condi t ions .  The annual 
average storm water volume discharged from t h e  drainage a rea  t o  Okauchee Lake 
under those  condit ions i s  est imated t o  t o t a l  4 .4  mi l l ion  ga l lons ,  a reduction 
of 47 percent  from e x i s t i n g  condi t ions .  The maximum discharge r a t e s  a t  t h a t  
time from t h e  area  t r i b u t a r y  t o  t h e  west storm sewer a r e  est imated t o  be 10.0 
c f s  f o r  a f ive-year  recurrence i n t e r v a l  event and 13.6 c f s  f o r  a 25-year r e -  
currence i n t e r v a l  event ,  while t h e  maximum discharge r a t e s  from t h e  drainage 
a rea  t r i b u t a r y  t o  t h e  e a s t  storm sewer a r e  est imated t o  be 24.9 c f s  f o r  a 
f ive-year  recurrence i n t e r v a l  event and 3 4 . 3  c f s  f o r  a 25-year recurrence i n -  
t e r v a l  event .  

The monetary cos t s  associa ted  with Al te rna t ive  1 a r e  common t o  a l l  t h e  a l t e r -  
na t ives  analyzed and a r e  the re fo re  not included f o r  comparison purposes i n . t h e  
analys is  . 

Alternat ive 2 :  Interim Erosion Controls and Storm Water Management Measures 
The second a l t e r n a t i v e  considered i s  s i m i l a r  t o  Al te rna t ive  1 with t h e  addi- 
t i o n  of l imi ted  storm water s to rage  and nonpoint source p o l l u t i o n  con t ro l  
measures t o  reduce e x i s t i n g  erosion and associa ted  p o l l u t i o n  loadings wi th in  
t h e  drainage a rea .  These measures a r e  d i r e c t e d  toward reducing t h e  r e l a t i v e l y  
high p o l l u t a n t  loads during t h e  in ter im period u n t i l  t h e  completion of t h e  
next phase of the  STH 16 reconst ruct ion  p r o j e c t .  These in ter im measures con- 
s i s t  of eros ion con t ro l  procedures, such as covering with t o p s o i l  and seeding 
exposed s o i l  a reas ;  c r i t i c a l  a rea  p ro tec t ion ;  and provision of temporary check- 
dams as  sediment t r a p s  and s to rage  areas  i n  drainageways. These measures a r e  
designed t o  prevent add i t iona l  erosion of exposed and unprotected cut  and f i l l  
a reas  along STH 16 wi th in  t h i s  lake  drainage area .  In add i t ion ,  these  mea- 
su res  a r e  designed t o  enhance t h e  r e t e n t i o n  of storm water wi th in  t h e  d i r e c t  



drainage system during the  period u n t i l  t he  completion of t h e  next phase of 
t h e  STH 16 reconst ruct ion  p r o j e c t .  The p r i n c i p a l  components of t h i s  a l t e r n a -  
t i v e  a r e  shown on Map B-4. Spec i f i c  locat ions  of t h e  temporary check-dams a r e  
not  shown as  they would be more appropr ia te ly  located i n  an o n s i t e  inves t iga-  
t i o n  of e x i s t i n g  f i e l d  condit ions.  Selected c h a r a c t e r i s t i c s  and cos t s  of t h e  
storm water management measures included under t h i s  a l t e r n a t i v e  a r e  shown on 
Table B-2. 

Under t h i s  a l t e r n a t i v e ,  t h e  a rea  t r i b u t a r y  t o  Okauchee Lake both p r i o r  t o  and 
a f t e r  t h e  completion of t h e  next phase of t h e  STH 16 reconst ruct ion  p ro jec t  
would be t h e  same as  s e t  f o r t h  above f o r  Al ternat ive  1. I t  i s  est imated t h a t  
t h e  average annual loadings of sediment and phosphorus cont r ibuted  t o  Okauchee 
Lake from t h e  drainage area  being analyzed would be 245 tons  and 74 pounds, 
r e spec t ive ly ,  p r i o r  t o  t h e  completion of t h e  next phase of t h e  STH 16 recon- 
s t r u c t i o n  p r o j e c t .  When compared t o  t h e  po l lu tan t  loadings est imated f o r  t h e  

11 same time period under t h e  previously discussed No ~ c t i o n "  a l t e r n a t i v e ,  t h i s  
would represent  50 percent  and 79 percent  reductions i n  sediment and t o t a l  
phosphorus loads,  r e spec t ive ly .  P r i o r  t o  t h e  completion of t h e  next phase of 
t h e  STH 16 reconst ruct ion  p r o j e c t ,  it i s  estimated t h a t  t h e  t o t a l  average 
annual storm water volume discharged from t h e  drainage a r e a  t o  Okauchee Lake 
w i l l  be 5 .6  mi l l ion  ga l lons ,  occurring i n  46 events ,  and represent ing  a reduc- 
t i o n  of 32 percent  from t h e  volume est imated t o  be discharged f o r  t h e  same 
per iod  under t h e  "NO Action" proposal described i n  Al te rna t ive  1. The maximum 
storm water discharge r a t e s  from t h e  drainage area  t r i b u t a r y  t o  t h e  west storm 
sewer a r e  est imated t o  be 23.1 c f s  f o r  a  f ive-year  recurrence i n t e r v a l  r a i n f a l l  
event and 31.8 c f s  f o r  a  25-year recurrence i n t e r v a l  event .  The maximum d i s -  
charge r a t e s  from t h e  area  t r i b u t a r y  t o  t h e  e a s t  sewer a r e  est imated t o  be 
19.8 c f s  f o r  a  f ive-year  recurrence i n t e r v a l  event and 27.3 c f s  f o r  a  25-year 
event .  

Following completion of t h e  next phase of t h e  STH 16 reconst ruct ion  p r o j e c t ,  
t h e  p o l l u t a n t  loads and storm water discharge q u a n t i t i e s  from t h e  drainage 
a rea  a r e  expected t o  be t h e  same as estimated under Al te rna t ive  1, s ince  no 
add i t iona l  storm water management measures a r e  included under t h i s  a l t e r n a t i v e  
f o r  t h i s  period of time. 

The est imated c a p i t a l  cos t  associa ted  with t h e  in ter im nonpoint source pol lu-  
t i o n  con t ro l  measures i s  $21,000, including t o p s o i l  placement, with an average 
annual opera t ion  and maintenance cos t  over a  20-year period of $275. I f  
f u r t h e r  f i e l d  s t u d i e s  i n d i c a t e  adequate vegeta t ive  cover can be es t ab l i shed  
without t o p s o i l  placement, t h e  c a p i t a l  cos t  would be reduced t o  about $5,000. 
These opera t ion  and maintenance cos t s  would only be incurred u n t i l  t h e  comple- 
t i o n  of t h e  next phase of t h e  STH 16 reconst ruct ion  p r o j e c t .  Based upon the  
assumption t h a t  t h e  next  phase of t h e  highway reconst ruct ion  w i l l  t ake  p lace  
by 1986 and using an annual i n t e r e s t  r a t e  of 7 percent ,  an amort izat ion period 
of 20 yea r s ,  and an ana lys i s  per iod  of 20 yea r s ,  t h e  equivalent  annual cos t  of 
cons t ruct ion  and opera t ion  and maintenance of thzse  in ter im measures i s  e s t i -  
mated a t  $2,400. 

Al ternat ive  3: Maximum In -  Basin Storm Water Storage 
Al te rna t ive  3 includes t h e  same in ter im eros ion con t ro l s  as  Al te rna t ive  2, and 
t h e  permanent i n s t a l l a t i o n  of add i t iona l  storm water de ten t ion  f a c i l i t i e s .  A s  
shown on Map B-5, t h e s e  add i t iona l  f a c i l i t i e s  would cons i s t  of a  su r face  storm 
water de tent ion  bas in  with a capaci ty  of 3 .6  ac re - fee t  t o  be constructed adja-  
cent  t o  t h e  STH 16 f rontage  road a t  t h e  Vis ta  Park subdivis ion;  a  s e r i e s  of 
e igh t  channel check-dams designed t o  provide add i t iona l  s to rage  of storm water 
and t o  decrease t h e  v e l o c i t y  of storm water wi th in  t h e  channelized c o l l e c t i o n  
systems, thus  t rapping sediment p a r t i c l e s  t h a t  would be otherwise t ranspor ted  



through t h e  conveyance system; and a subsurface sediment t r a p  between t h e  
westbound lane  of STH 16 and t h e  nor th  f rontage  road a t  Jaeckles  Boulevard t o  
provide add i t iona l  sediment c o l l e c t i o n  p r i o r  t o  storm water d ischarge  t o  Okau- 
chee Lake. This a l t e r n a t i v e  r equ i res  high l e v e l s  of maintenance because of 
t h e  maximized p o l l u t a n t  t rapping e f f i c i e n c y .  The cos t  f o r  maintenance has 
been est imated and is  shown i n  Table B-2. A s  p a r t  of t h e  implementation ac- 
t i o n s ,  it would be necessary under t h i s  a l t e r n a t i v e  t o  i d e n t i f y  an appropr ia te  
agency t o  c a r r y  out  t h i s  maintenance, considering present  maintenance of road- 
way drainage systems and o the r  storm water management p r a c t i c e s  f o r  t h e  a rea .  
Selec ted  c h a r a c t e r i s t i c s  and cos t  of t h e  storm water management measures in -  
cluded under t h i s  a l t e r n a t i v e  a r e  shown i n  Table B-2. 

Under t h i s  a l t e r n a t i v e ,  t h e  a rea  t r i b u t a r y  t o  Okauchee Lake both p r i o r  t o  and 
a f t e r  t h e  completion of t h e  next  phase of t h e  STH 16 reconst ruct ion  p r o j e c t  
would be t h e  same as  s e t  f o r t h  above f o r  Al ternat ives  1 and 2. I t  i s  e s t i -  
mated t h a t  t h e  average annual loadings of sediment and phosphorus cont r ibuted  
t o  Okauchee Lake from t h e  drainage a r e a  being analyzed would be 245 tons and 
74 pounds, r e spec t ive ly ,  f o r  t h e  per iod  p r i o r  t o  t h e  completion of t h e  next  
phase of STH 16 recons t ruc t ion  p r o j e c t .  When compared t o  t h e  p o l l u t a n t  load- 
ings est imated f o r  t h e  same time per iod  under t h e  "No Action" p lan  previously 
discussed as  Al te rna t ive  1, t h i s  would represent  reductions of 50 percent  i n  
sediment and 79 percent  i n  phosphorus loads.  The t o t a l  average annual storm 
water volume discharged from t h e  drainage a rea  t o  Okauchee Lake i s  est imated 
t o  be 5 .6  mi l l ion  ga l lons ,  occurring i n  46 events ,  represent ing  a reduction of 
32 percent  from t h e  volume est imated t o  be discharged f o r  t h e  same per iod  
under t h e  "NO Action" p lan .  These reductions i n  p o l l u t a n t  and hydraul ic  load- 
ings a r e  t h e  same as  those  est imated t o  be achieved under Al te rna t ive  2, s i n c e  
t h e  measures proposed f o r  t h i s  time frame a r e  t h e  same. The maximum storm 
water d ischarge  r a t e  from t h e  drainage a rea  i s  a l s o  est imated t o  be t h e  same 
as  was est imated under Al te rna t ive  2 f o r  t h a t  period of time p r i o r  t o  comple- 
t i o n  of t h e  highway recons t ruc t ion  p r o j e c t  . 

Following t h e  completion of t h e  next phase of t h e  STH 16 reconst ruct ion  p ro j -  
e c t ,  it i s  est imated t h a t  t h e  average annual loadings from t h e  drainage a r e a  
would be 100 tons  of sediment and 28 pounds of phosphorus. This  represents  
reductions of 43 percent  i n  sediment and 18 percent  i n  t o t a l  phosphorus loads 
from t h e  loadings t h a t  would r e s u l t  from using t h e  conventional storm water 
management con t ro l  measures s e t  f o r t h  i n  Al te rna t ives  1 and 2 f o r  t h e  same 
per iod .  Following completion of t h e  STH 16 reconst ruct ion  p r o j e c t ,  it is es -  
t imated t h a t  t h e  t o t a l  average annual storm water volume discharged from t h e  
drainage a r e a  t o  Okauchee Lake would be 4 . 1  mi l l ion  ga l lons ,  o r  about 7 per-  
cent  l e s s  than est imated f o r  t h e  same time period under Al te rna t ives  1 and 2 .  
The maximum storm water d ischarge  r a t e s  from t h e  drainage a r e a  t r i b u t a r y  t o  
t h e  west storm sewer a r e  est imated t o  be 9 .6  c f s  f o r  a f ive -yea r  recurrence 
i n t e r v a l  event and 13 .1  c f s  f o r  a 25-year recurrence i n t e r v a l  event .  The 
maximum r a t e s  of storm water discharge from t h e  a r e a  t r i b u t a r y  t o  t h e  e a s t  
storm sewer a r e  est imated t o  be 21.4 c f s  f o r  a f ive-year  recurrence i n t e r v a l  
storm event and 28.2 c f s  f o r  a 25 -year event .  

The est imated c a p i t a l  c o s t  associa ted  wi th  t h e  Al te rna t ive  3 storm water man- 
agement measures i s  $275,000, wi th  an average annual opera t ion  and maintenance 
c o s t  of $5,150. Using an annual i n t e r e s t  r a t e  of 7 percent ,  an amort izat ion 
per iod  of 20 yea r s ,  and an ana lys i s  per iod  of 20 yea r s ,  t h e  equivalent  annual 
c o s t  of cons t ruct ion  and opera t ion  and maintenance of t h i s  a l t e r n a t i v e  i s  e s -  
t imated a t  $23,500. 



Al te rna t i ve  3 A :  Limited I  n-Basin Storm Water Storage 
Al te rna t ive  3A i s  t h e  same as  Al te rna t ive  3 ,  a s  shown on Map B-5, except t h a t  
t h e  subsurface sediment t r a p  proposed t o  be located  between t h e  westbound lane  
of STH 16 and t h e  frontage road a t  Jaeckles  Boulevard--and t h e  as soc ia ted  high 
maintenance costs--would be el iminated.  Selected c h a r a c t e r i s t i c s  and c o s t s  of 
t h i s  a l t e r n a t i v e  a r e  shown i n  Table B-2. 

Under t h i s  a l t e r n a t i v e ,  t h e  area  t r i b u t a r y  t o  Okauchee Lake both p r i o r  t o  and 
a f t e r  t h e  completion of t h e  next phase of t h e  STH 16 reconst ruct ion  p ro jec t  
would be t h e  same as  s e t  f o r t h  above f o r  Al ternat ives  1, 2, and 3 .  Under t h e  
proposal f o r  Al te rna t ive  3A, t h e  est imated average annual loadings of sediment 
and phosphorus cont r ibuted  t o  Okauchee Lake, a s  well  a s  t h e  est imated storm 
water volume discharged and t h e  storm water hydraul ic  flow r a t e s  from t h e  
drainage a rea  being analyzed, would be t h e  same as  est imated f o r  Al ternat ives  
2 and 3 f o r  t h a t  period p r i o r  t o  t h e  completion of t h e  next  phase of t h e  STH 
16 reconst ruct ion  p r o j e c t .  

Following t h e  completion of t h e  next phase of t h e  STH 16 reconst ruct ion  p ro j -  
e c t ,  t h e  average annual loadings from t h e  drainage area  would be 140 tons of 
sediment and 31 pounds of phosphorus. This would represent  reductions of 20 
percent  i n  sediment and 9 percent  i n  t o t a l  phosphorus loads from t h e  loadings 
t h a t  would r e s u l t  from using t h e  conventional storm water management con t ro l  
measures s e t  f o r t h  i n  Al ternat ives  1 and 2 f o r  t h e  same period of time. The 
t o t a l  average annual storm water volume discharged from t h e  drainage a rea  t o  
Okauchee Lake i s  est imated a t  4 . 1  mi l l ion  ga l lons ,  which i s  about 7 percent  
l e s s  than est imated f o r  t h e  same time period under Al ternat ives  1 and 2. The 
maximum storm water discharge r a t e s  from t h e  drainage a rea  t r i b u t a r y  t o  t h e  
west storm sewer a r e  'estimated t o  be 9 .6  c f s  f o r  a f ive-year  recurrence i n t e r -  
v a l  event and 13.1  c f s  f o r  a 25-year recurrence i n t e r v a l  event .  The maximum 
storm water discharge r a t e s  from t h e  a rea  t r i b u t a r y  t o  t h e  e a s t  storm sewer 
a r e  est imated t o  be 21.4 c f s  f o r  a f ive-year  recurrence i n t e r v a l  storm event 
and 28.2 c f s  f o r  a 25 -year event .  

The est imated c a p i t a l  cos t  associa ted  with Al te rna t ive  3A nonpoint source 
p o l l u t i o n  con t ro l  measures i s  $42,900, with an average annual opera t ion  and 
maintenance c o s t  of $1,025. Using an annual i n t e r e s t  r a t e  of 7 percent ,  an 
amort izat ion period of 20 years ,  and an ana lys i s  period of 20 yea r s ,  t h e  
equivalent  annual cos t  of cons t ruct ion  and operat ion and maintenance of t h i s  
a l t e r n a t i v e  i s  est imated a t  $4,480. 

Al te rna t i ve  4: Divers ion With Limited I n -  Basin Storm Water Storage 
Al te rna t ive  4 provides f o r  t h e  same in ter im eros ion con t ro l s  a s  Al ternat ives  
2,  3 ,  and 3A, and f o r  t h e  permanent i n s t a l l a t i o n  of storm water de tent ion  
f a c i l i t i e s  t o  d i v e r t  storm waters from approximately 21.7 acres  of the-subwa- 
te rshed away from discharge t o  I ce  House Bay i n t o  an i n t e r n a l l y  drained pond 
south of t h e  Chicago, Milwaukee, S t .  Paul & P a c i f i c  Railroad and e a s t  of CTH 
PP. As shown on Map B-6, these  f a c i l i t i e s  would cons i s t  of a su r face  s to rage  
bas in  wi th  a capaci ty  of 1 . 4  ac re - fee t  t o  be constructed adjacent  t o  t h e  STH 
16 f rontage  road a t  t h e  Vis ta  Park subdivis ion;  a s e r i e s  of s i x  channel check- 
dams designed t o  provide add i t iona l  s to rage  of storm water and t o  decrease t h e  
v e l o c i t y  of storm water wi th in  t h e  channelized c o l l e c t i o n  system, thus  t r a p -  
ping sediment p a r t i c l e s  t h a t  would otherwise be t ranspor ted  through t h e  con- 
veyance system; and a 30-inch diameter storm water d ivers ion  sewer t o  be 
constructed approximately 1,000 f e e t  e a s t  of Jaeckles Boulevard wi th in  t h e  STH 
16 right-of-way. The d ivers ion  would requ i re  t h a t  a storm sewer planned by 



WisDOT t o  be i n s t a l l e d  a t  t h e  CTH PP i n t e r s e c t i o n  with STH 16 be increased i n  
s i z e  t o  handle t h e  add i t iona l  d ive r t ed  storm water .  The p r i n c i p a l  components 
of t h i s  a l t e r n a t i v e  a r e  shown on Map B-6. Selected c h a r a c t e r i s t i c s  and c o s t s  
of t h i s  a l t e r n a t i v e  a r e  shown i n  Table B-2. 

Under t h i s  a l t e r n a t i v e ,  t h e  area  t r i b u t a r y  t o  Okauchee Lake p r i o r  t o  and a f t e r  
t h e  cons t ruct ion  of t h e  next phase of STH 16 would be 46.0 acres  and 12.8 
ac res ,  r e spec t ive ly .  The est imated average annual loadings of sediment and 
phosphorus cont r ibuted  t o  Okauchee Lake, a s  well  as  t h e  estimated storm water 
volume discharged and t h e  storm water hydraul ic  flow r a t e s  from t h e  drainage 
a rea  being analyzed, would be t h e  same as est imated f o r  Al ternat ives  2, 3, and 
3A f o r  t h e  period p r i o r  t o  t h e  completion of t h e  next phase of t h e  STH 16 re -  
cons t ruct ion  p r o j e c t .  Following the  completion of t h e  next phase of t h e  STH 
16 reconst ruct ion  p r o j e c t ,  it i s  est imated t h a t  t h e  average annual loadings 
from t h e  drainage a rea  would be 65 tons of sediment and 14 pounds of phos- 
phorus. For t h e  same time per iod ,  t h i s  would represent  reductions of 63 pe r -  
cent  i n  sediment and 59 percent  i n  t o t a l  phosphorus loads from t h e  loadings 
t h a t  would r e s u l t  from using t h e  conventional storm water management con t ro l  
measures s e t  f o r t h  i n  Al ternat ives  1 and 2 .  As shown i n  Table B-2, t h e  storm 
water management measures included under Al te rna t ive  4 a l s o  may be expected t o  
provide a reduction i n  t h e  p o l l u t a n t  loadings f o r  the  same time period when 
compared t o  Al ternat ives  3 and 3A. I t  is  est imated t h a t  t h e  t o t a l  average 
annual storm water discharged from t h e  area  t o  Okauchee Lake would be 1 . 8  m i l -  
l i o n  ga l lons ,  which i s  a  59 percent  reduction from t h e  volume est imated f o r  
t h e  same time period under Al ternat ives  1 and 2. The t o t a l  annual volume es -  
t imated t o  be discharged i s  a l s o  l e s s  than estimated under Al ternat ives  3 and 
3A, as shown i n  Table B-2. The maximum storm water discharge r a t e s  from t h e  
drainage area  t r i b u t a r y  t o  t h e  west storm sewer a r e  estimated t o  be 9 .6  c f s  
f o r  a  f ive-year  recurrence i n t e r v a l  event and 13.1  c f s  f o r  a  25-year recur-  
rence i n t e r v a l  event .  The maximum storm water discharge r a t e s  from t h e  a r e a  
t r i b u t a r y  t o  t h e  e a s t  storm sewer a r e  est imated t o  be 8 .2  c f s  f o r  a  f ive-year  
recurrence i n t e r v a l  storm event and 11.4 c f s  f o r  a  25-year storm event .  This 
a l t e r n a t i v e  w i l l  r equ i re  an ana lys i s  of l e g a l  implicat ions such as  t h e  poten- 
t i a l  need f o r  a  f u r t h e r  drainage easement from CTH PP e a s t  t o  t h e  point  of 
discharge.  

The c a p i t a l  cos t  associa ted  with t h e  in ter im nonpoint source po l lu t ion  con t ro l  
measures i s  est imated a t  $89,200, with an average annual opera t ion  and mainte- 
nance cos t  of $1,400. Using an annual i n t e r e s t  r a t e  of 7 percent ,  an amorti- 
z a t i o n  period of 20 yea r s ,  and an ana lys i s  period of 20 years ,  t h e  equivalent  
annual cos t  of cons t ruct ion  and opera t ion  and maintenance of t h i s  a l t e r n a t i v e  
i s  est imated a t  $7,900. I t  should be noted t h a t  t h i s  a l t e r n a t i v e  cos t  assumes 
t h e  f u l l  cos t  of a  storm sewer from S t a t i o n  186+00 on STH 16 t o  S t a t i o n  181+00 
cons i s t ing  of 550 f e e t  of 30-inch storm sewer and t h e  incremental cos t  of pro- 
v id ing add i t iona l  storm sewer capaci ty  a t  CTH PP t o  t h e  i n t e r n a l l y  drained 
pond. 

Comparison o f  A l te rnat ives  and Recommended Plan 
Four b a s i c  storm water management a l t e r n a t i v e s  were developed t o  r e f l e c t  vary- 
ing  degrees of nonpoint source po l lu t ion  cont ro l  f o r  t h e  area  d ra in ing  t o  I c e  
House Bay i n  t h e  v i c i n i t y  of STH 16. The components of each of t h e s e  a l t e r n a -  
t i v e s  a l s o  have an impact on t h e  hydraulics  of t h e  drainage systems serving 
t h i s  a r e a .  Each a l t e r n a t i v e  was considered t o  have two phases, t h e  f i r s t  
phase being t h e  in ter im period u n t i l  t h e  next phase of reconst ruct ion  of STH 
16 i s  completed. The second phase of each a l t e r n a t i v e  would address long term 
measures t o  be implemented during t h e  cons t ruct ion  of t h e  remaining por t ion  of 
STH 16 wi th in  t h e  drainage a r e a .  The p r i n c i p a l  f ea tu res  of these  a l t e r n a t i v e s  
a r e  summarized i n  Table B-2. 



A t o t a l  annual phosphorus loading from t h e  drainage a r e a  d i r e c t l y  t r i b u t a r y  
t o  Okauchee Lake of about 1,300 pounds was proposed i n  t h e  lake  management 
p lan ,  i n  order  t o  a t t a i n  t h e  e s t ab l i shed  water use ob jec t ives .  In order  t o  
l i m i t  t h e  phosphorus load t o  t h a t  l e v e l ,  bas ic  land management p r a c t i c e s  were 
recommended f o r  both urban and r u r a l  lands i n  t h e  drainage a r e a .  These mea- 
su res  would be designed t o  achieve about a  30 percent  reduction i n  p o l l u t a n t  
loadings from nonpoint sources o the r  than const ruct ion  s i t e s  and l ives tock  
opera t ions .  A p o l l u t a n t  reduction of about 90 percent  was recommended from 
those  sources.  Construction eros ion contro l  p r a c t i c e s  were a l s o  genera l ly  
recommended. 

When evaluat ing  water q u a l i t y  impacts, it should be noted t h a t  t h e  da ta  p re -  
sented  i n  Table B-2 only address t h e  l e v e l  of con t ro l  expected f o r  sediment 
and phosphorus. However, loadings of o the r  pol lu tants - - inc luding heavy metals 
and pest icides--which a r e  associa ted  with f i n e  sediments may a l s o  be expected 
t o  be reduced under a l l  of t h e  con t ro l  a l t e r n a t i v e s .  The degree of removal of 
o the r  p o l l u t a n t s  may be assumed t o  be approximately propor t ional  t o  t h e  per-  
cent  removal of sediments. With regard t o  water q u a l i t y  impacts, it can be 
noted by review of t h e  da ta  i n  Table B-2 t h a t  s i g n i f i c a n t  reductions i n  pol-  
l u t a n t  loads can be achieved by implementing t h e  in ter im storm water manage- 
ment measures s e t  f o r t h  i n  Al te rna t ive  2. These same in ter im measures were 
a l s o  included as a  component of Al ternat ives  3 ,  3A, and 4.  Because of t h e  
r e l a t i v e l y  low cos t  associa ted  with these  in ter im measures, t h e  s i g n i f i c a n t  
reduction i n  po l lu tan t  loads,  and t h e  previous recommendations f o r  implementa- 
t i o n  of erosion con t ro l  measures, i t  i s  recommended t h a t  t h e  s h o r t  term 
measures described i n  Al ternat ive  2 be implemented as  phase one of t h e  recom- 
mended plan .  The b e n e f i c i a l  impacts of these  in ter im (or  phase one) compon- 
e n t s  on t h e  hydraulics  of t h e  e x i s t i n g  system a r e  minimal, a s  can be noted by 
review of t h e  da ta  i n  Tables B - 1  and B-2. Interim eros ion con t ro l  measures 
a r e  not expected t o  resolve  hydraul ic  capaci ty  problems t h a t  w i l l  s t i l l  e x i s t  
i n  the  24-inch CMCP storm sewer and t h e  29-inch by 18-inch CMPA storm sewer 
located on t h e  west s i d e  of Jaeckles Boulevard f o r  storms with a recurrence 
i n t e r v a l  of 25 years  o r  longer. The o the r  major hydraul ic  elements of t h e  
drainage area  appear t o  have adequate capaci ty  f o r  design storms up t o  a  25- 
year  recurrence i n t e r v a l .  

With regard t o  t h a t  period following completion of t h e  next s e c t i o n  of t h e  STH 
16 reconst ruct ion  p r o j e c t ,  a  review of t h e  p o l l u t a n t  loading da ta  ind ica tes  
t h a t  t h e  most s u b s t a n t i a l  reductions i n  nonpoint source loads may be expected 
under t h e  proposal s e t  f o r t h  i n  Al te rna t ive  4 .  A s u b s t a n t i a l l y  lower degree 
of p ro tec t ion  would be afforded by t h e  proposals s e t  f o r t h  under Al te rna t ives  
3 and 3A. Since t h e  cos t  associa ted  with Al te rna t ive  3 i s  s u b s t a n t i a l l y  
higher than t h e  cos t  of Al te rna t ive  4 ,  Al t e rna t ive  3 was not given f u r t h e r  
cons idera t ion .  Although t h e  proposals s e t  f o r t h  i n  Al te rna t ive  3A aye l e s s  
c o s t l y  than those i n  Al ternat ive  4 ,  Al t e rna t ive  4 o f f e r s  improved p o l l u t a n t  
removal b e n e f i t s .  However, a  review of t h e  magnitude of t h e  amount of pol -  
l u t a n t  removed by these  a l t e r n a t i v e s  compared t o  t h e  t o t a l  loading--less  than 
2 percent of t h e  planned phosphorus loading--to Okauchee Lake ind ica tes  t h a t  
it would be d i f f i c u l t  t o  j u s t i f y  t h e  cos t s  involved i n  these  a l t e r n a t i v e s .  
However, it is  suggested t h a t  t h e  WisDOT review t h e  design of t h e  proposed 
next  phase of reconst ruct ion  of STH 16 t o  determine t h e  maximum amount of 
drainage a rea  which could be d ive r t ed  from Ice  House Bay with l i t t l e  or no 
increase  i n  t h e  cons t ruct ion  cos t s  f o r  t h e  drainage system. 

Thus, t h e  proposed ac t ion  can be considered t o  be a two-phase p r o j e c t ,  with 
t h e  f i r s t  phase being t h e  establishment of in ter im s h o r t  term eros ion con t ro l s  
i n  t h e  drainage a reas .  These con t ro l s  would cons i s t  of developing vegata t ive  



cover on a l l  a reas  wi th  exposed s o i l  and t h e  i n s t a l l a t i o n  and maintenance of 
temporary check-dams as  water and sediment t r a p s  i n  drainage ways. The second 
phase of t h e  proposed ac t ion  would cons i s t  of t h e  permanent i n s t a l l a t i o n  of 
f a c i l i t i e s  t o  d i r e c t  storm waters from I c e  House Bay t o  an i n t e r n a l l y  drained 
pond south  of t h e  Chicago, Milwaukee, S t .  Paul & P a c i f i c  Railroad and e a s t  of 
CTH PP. I t  i s  recommended t h a t  these  f a c i l i t i e s  be incorporated i n t o  t h e  de- 
s i g n  as  p a r t  of t h e  drainage system f o r  t h e  STH 16 p r o j e c t  and be s o  designed 
by t h e  WisDOT as t o  provide f o r  t h e  maximum p r a c t i c a l  degree of d ive r s ion .  

Following const ruct ion  of t h e  recommended plan elements, t h e  drainage system 
problems which e x i s t  i n  t h e  a rea  would be s i g n i f i c a n t l y  reduced. A l l  t h e  com- 
ponents would have capaci ty  t o  handle a 25-year recurrence i n t e r v a l  storm, 
with one exception.  That exception would be t h e  29-inch by 18-inch CMPA storm 
sewer a t  t h e  lower end of t h e  west p ipe  i n  Jaeckles  Boulevard. I t  is e s t i -  
mated t h a t  t h e  e x i s t i n g  capaci ty  of t h a t  storm sewer segment is  approximately 
7.5 c f s .  The est imated 25-year peak flow from t h e  a rea  t r i b u t a r y  t o  t h e  24- 
inch CMCP storm sewer i n  t h e  west s i d e  of Jaeckles Boulevard i s  13.6 c f s .  
However, t h i s  flow r a t e  may be reduced i f  t h e  WisDOT more d e t a i l e d  ana lys i s  
concludes t h a t  add i t iona l  a rea  could be d ive r t ed  from dra in ing t o  I ce  House 
Bay. This peak flow i s  t r a n s f e r r e d  d i r e c t l y  t o  t h e  29-inch by 18-inch CMPA 
storm sewer a t  t h e  foot  of Jaeckles Boulevard, which has a hydraul ic  capaci ty  
of only 7.5 c f s .  I f  no major change i n  drainage area  i s  planned, it i s  recom- 
mended t h a t  a p a r a l l e l  CMPA storm sewer segment be i n s t a l l e d  a t  t h e  foo t  of 
Jaeckles  Boulevard i n  order  t o  resolve  t h i s  problem. That pipe would c o n s i s t  
of approximately 200 f e e t  of 29-inch by 18-inch CMPA storm sewer segment, with 
an est imated hydraul ic  capaci ty  of 7.5 c f s .  These p a r a l l e l  storm sewer seg- 
ments w i l l  more c lose ly  match t h e  capaci ty  of t h e  upstream 24-inch CMCP storm 
sewer. 
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