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SOUTHEASTERN 
91 6 NO EAST AVENUE 

WISCONSIN 
P O  BOX 769 

REGIONAL 
WAUKESHA, WISCI 

October 11,1982 

TO: The Honorable Chairman and Members of the Racine County Board of Supervisors 

Ladies and Gentlemen: 

Racine County, in February 1981, submitted an application to  the Wisconsin Coastal Management Council for a grant in partial support 
of the conduct of a Lake Michigan coastal erosion management study and agreed to  provide the necessary matching funds and in-kind 
services. Upon notification of grant approval, Racine County retained the Southeastern Wisconsin Regional Planning Commission as 
a consultant to the County for the project. The study was subsequently carried out by the staff of the Regional Planning Commission, 
working in cooperation with the staff of the Racine County Planning and Zoning Department and a 12-member technical advisory 
committee consisting of representatives of Racine County, the Racine County Coastwatch Program, the local units of government in the 
Lake Michigan shoreland area of Racine County, concerned citizen groups, private engineering consultants, the University of Wisconsin 
Sea Grant Program, and the Wisconsin Department of Natural Resources. Work on the study was initiated in January 1982, and completed 
on August 31, 1982. This report sets forth the findings and recommendations of the Lake Michigan coastal erosion management study for 
Racine County. 

The erosion and attendant recession of the Lake Michigan coastal bluffs within Racine County constitute a serious threat to the valuable 
natural resources and to the real property and real property improvements lying near the bluff edge. The study indicates that bluff reces- 
sion rates in Racine County range up to  1 4  feet per year, and average about two feet per year along the unprotected reaches of shoreline. 
This bluff recession results in the loss of about 6.6 million cubic feet of shore material each year. The primary purpose of the study was to 
develop and recommend a coordinated set of structural and nonstructural measures which can reduce shoreline erosion and bluff reces- 
sion, and the resultant damages from such erosion and recession. 

The study identifies the extent of shoreline erosion and bluff recession which may be expected to  occur, over time, along the Lake 
Michigan shoreline of Racine County; quantifies the potential property losses which may be expected to result from continued shoreline 
erosion and bluff recession in the absence of a sound management program; identifies erosion risk distances and recommends associated 
setback distances for buildings along shoreline reaches not so protected; and recommends provisions which may be incorporated into 
existing shoreland regulations to restrict certain land uses and practices, as well as to guide the placement of new buidings, within those 
shoreland areas susceptible to erosion and bluff recession. Recommendations for both structural and nonstructural coastal erosion control 
measures previously made by the Racine County Technical Subcommittee on Shoreland Development Standards were adapted and incor- 
porated into the findings and recommendations of this study. 

Implementation of the recommendations presented in this report would, over time, provide shore protection with properly delineated 
setback distances from the bluff edge for new development for the entire county shoreline located south of Cliffside Park in the Town of 
Caledonia. For most of the county shoreline lying north of and including Cliffside Park, structural shore protection measures were not 
found to  be warranted. For this shoreland reach setback distances are recommended which include the area expected to  be affected by 
bluff recession during the next 50 years. These setback distance regulations are recommended to be incorporated as amendments to the 
county shoreland zoning ordinance, and may also be incorporated into local municipal ordinances. 

The Regional Planning Commission is pleased to  have been able to be of assistance to  the County in the completion of this study. The 
Commission stands ready, upon request, to assist the County and constituent affected local units of government in the County in 
presenting the information and recommendations contained in this report to the public for its review and evaluation, and in adopting and 
implementing the recommendations contained in this report. 

Sincerely, 

Kurt W. Bauer 
Executive Director 
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Chapter I 

l NTRODUCTION 

BACKGROUND 

In response t o  increasing public concern over the  many competing and f r e -  
quently conf l i c t ing  land uses within t h e  unique and l imited Lake Michigan 
shoreland area ,  Racine County recent ly  completed a shoreland development 
management study. ' The study, which was funded i n  pa r t  by a grant  under 
t he  Wisconsin Coastal Management Program and i n  pa r t  by Racine County, 
was intended t o  help shape and guide development and redevelopment i n  t he  
Lake Michigan shoreland area.  The study included an analys is  of shoreland 
development problems and resu l ted  i n  recommendations r e l a t i ng  t o  erosion 
hazard abatement, recreat ional  access, na tu ra l  resource preservation,  and 
land use regulat ion.  

The following recommendations r e l a t i n g  t o  t he  abatement of erosion hazards 
were made: 

1. Racine County should undertake a mapping program t o  iden t i fy  those Lake 
Michigan coasta l  reaches which may be expected t o  be subject  t o  severe 
erosion hazards. 

2 .  Racine County should incorporate erosion area setbacks i n to  the  County 
shoreland zoning regulat ions.  

3.  Racine County, a s s i s t ed  by the  Racine County Coastal Management Program 
Technical Advisory Committee, should modify i t s  shoreland zoning regula- 
t i ons  t o  ind ica te ,  i n  as much d e t a i l  as pract icable ,  the  design c r i t e r i a  
considered by t he  County i n  i t s  review of condit ional  use permits f o r  
shore protect ion a c t i v i t i e s .  

4 .  In  preparing i ts  new subdivision control  ordinance, Racine County should 
require  t h e  i den t i f i c a t i on  of shore erosion hazard areas on land d iv i -  
s ion p l a t  maps and the  preparation of erosion hazard abatement plans,  
where applicable.  

5 .  Racine County should continue t o  co l l e c t  and analyze information 
regarding Lake Michigan shorel ine  erosion hazards and erosion hazard 
abatement s t r a t e g i e s .  

6 .  The City of Racine and t he  Vil lages of North Bay and Wind Point should 
determine whether shorel ine  erosion-related zoning regulat ions a r e  
necessary a f t e r  an analysis  of t he  r e su l t s  of the  previously recom- 
mended County e f f o r t  t o  iden t i fy  and map ex i s t ing  and fu tu re  erosion 
hazard areas .  

'The f indings and recommendations of t h i s  study a r e  documented i n  SEWRPC 
Community Assistance Planning Report No. 73, A Shoreland Development Manage- 
ment Study f o r  Racine County, Wisconsin, January 1982. 



7. The Racine County Planning and Zoning Department should serve as the 
t t first contacttt agency for all riparian landowners proposing structural 
shore protection or other erosion-related work. 

In partial response to these recommendations concerning shoreland erosion 
control, Racine County, in 1981, requested and received a grant under the 
Wisconsin Coastal Management Program in partial support of a coastal erosion 
study. This study was subsequently carried out cooperatively by the staffs of 
the Regional Planning Commission and the Racine County Planning and Zoning 
Department and an advisory committee consisting of representatives from the 
University of Wisconsin Sea Grant Program, the City of Racine, the Town of 
Caledonia, the Racine County Coastwatch Program, the Racine Board of Realtors, 
Inc., the Wisconsin Department of Natural Resources, the Sierra Club, and 
private engineering consulting firms. A number of important studies regarding 
shoreline erosion and bluff recession rates, and erosion processes along the 
Racine County coastline have been completed, providing much of the basic 
information required to prepare an erosion management plan. In addition, 
Racine County has established the County Coastwatch Program as a means for 
continuously monitoring shoreland erosion. 

DEFINITION OF COASTAL EROSION MANAGEMENT 

Coastal erosion management may be defined as a coordinated set of measures 
designed to abate coastal erosion and reduce attendant property losses, 
aesthetic impacts, and risks to human safety which result from such erosion. 
Erosion management measures include both structural measures--such as the 
construction of revetments and bulkheads--and nonstructural measures--such as 
land use regulations which prohibit certain types of development in erosion- 
prone shoreland areas. The broad goal of coastal erosion management is the 
preservation of the overall quality of life of the residents of an area 
through the selective protection of high-value physical resources and those 
environmental values--recreational, aesthetic, ecological, and cultural-- 
normally associated with and concentrated in coastal areas. 

NEED FOR A COASTAL EROSION STUDY 

The erosion, and subsequent recession, of coastal bluffs constitutes one of 
the most adverse impacts of coastal erosion processes. Bluff recession rates 
in Racine County range up to 14 feet per year.2 This bluff recession 
results in the loss of approximately three acres of land each year containing 
6.6 million cubic feet of shore material. This annual amount of eroded mate- 
rial would fill over 1,500 railroad boxcars, which, if placed end to end, 
would form a line 16 miles long. This extremely severe erosion is concentrated 
within a narrow strip of shoreline which contains valuable man-made and 
natural resources. 

2 ~ .  P. Keillor, and R. DeGroot, Recent Recession of Lake Michigan Shorelines 
in Racine County, Wisconsin, University of Wisconsin Sea Grant College Program 
Advisory Services, April 1, 1978. 



The Racine County shoreland zoning ordinance was enacted t o  r egu la te  human 
a c t i v i t i e s  i n  shoreland areas which could have adverse e f f e c t s  on those shore- 
land areas  and t h e  associa ted  surface  waters .  The county 's  ordinance p resen t ly  
s p e c i f i e s  a uniform 400-foot setback from t h e  Lake Michigan shore l ine  f o r  a l l  
s t r u c t u r e s  except pub l i c  u t i l i t i e s ,  pub l i c  r ec rea t ion  f a c i l i t i e s ,  and most 
s ingle-family res idences .  In addi t ion ,  t r e e  and shrub c u t t i n g  and c lea r ing ,  
road and t r a i l  development, e a r t h  moving a c t i v i t i e s ,  sur face  water use o r  
discharge,  and c e r t a i n  a g r i c u l t u r a l  a c t i v i t i e s  a r e  regulated i n  t h e  shoreland 
a rea .  The spec i f i ed  setback d is tance  and regula t ions  may provide more than 
adequate p ro tec t ion  i n  some shoreland a reas ;  however, o the r  areas  may requ i re  
more s t r i n g e n t  regula t ions  i n  order  t o  provide a s u f f i c i e n t  l eve l  of shore 
p ro tec t ion .  The s i g n i f i c a n t  da ta  base which has now been acquired r e l a t i n g  t o  
t h e  c o a s t a l  e ros ion problems i n  t h e  County provides an opportunity t o  r e f i n e  
t h e  County shoreland zoning ordinance and o the r  pe r t inen t  County and l o c a l  
ordinances by e s t a b l i s h i n g  development setbacks and o ther  use r e s t r i c t i o n s  
which a r e  r e l a t e d  s p e c i f i c a l l y  t o  e x i s t i n g  and probable fu tu re  beach and/or 
b luff  recess ion r a t e s ,  a s  well  as  t o  an expected s t a b l e  s lope  conf igura t ion .  
Because t h e  Racine County shoreland represents  an extremely valuable resource,  
and because competition f o r  coas ta l  resources is  increas ing,  t h e  development 
of setback d is tances  and o ther  regula t ions  based upon c a r e f u l  analys is  of a l l  
ava i l ab le  p e r t i n e n t  d a t a  warrants a t t e n t i o n  a t  t h i s  time. 

REVIEW OF PREVIOUS S T U D I E S  

A major work element of t h i s  study i s  t h e  c o l l a t i o n  and analys is  of previously 
co l l ec ted  da ta  r e l a t i n g  t o  shoreland erosion and recess ion i n  Racine County. 
Data on coas ta l  erosion have been developed under t h e  Racine County Coast- 
watch Program, t h e  Wisconsin Coastal Management Program, t h e  Universi ty of 
Wisconsin Sea Grant College Program, and by t h e  firm Owen Ayres & Associates,  
I n c . ,  working under cont rac t  t o  Racine County. The following sec t ion  b r i e f l y  
descr ibes  each of t h e  pas t  coas ta l  s tud ies  conducted i n  Racine County: 

1. Racine County Coastwatch Program 
The Racine County Coastwatch Program was i n i t i a t e d  i n  1978 t o  monitor 
t h e  causes, occurrence, and ex ten t  of b lu f f  recess ion and r e l a t e d  
f a c t o r s .  Along t h e  coas t ,  16 coastwatch s t a t i o n s  were es t ab l i shed  and 
volunteer  coastwatchers s ince  1978 have observed coas ta l  erosion condi- 
t i o n s .  Data c o l l e c t i o n  sheets  were completed and photographs per iodi -  
c a l l y  taken of designated sec t ions  of t h e  coas t l ine .  Data were co l l ec ted  
on b luff  erosion and recession,  wave ac t ion ,  water l eve l  changes, pre-  
c i p i t a t i o n ,  su r face  runoff ,  placement of man-made s t r u c t u r e s ,  and 
various shoreland uses .  The f indings of t h e  program a r e  s e t  f o r t h  i n  t h e  
Racine County Coastwatch Program F ina l  Report (1981). This repor t  pro- 
v ides  important ins igh t s  i n t o  t h e  processes a f f e c t i n g  Lake Michigan 
shoreland erosion i n  Racine County and documents t h e  r e l a t i v e  b luff  
recess ion r a t e s  a t  severa l  locat ions .  

2 .  Universi ty of Wisconsin Sea Grant College Program 
The Universi ty of Wisconsin Sea Grant College Program undertook measure- 
ments of shore l ine  recession along t h e  Lake Michigan coast  over a period 
of e igh t  years  (1968-1976) during which water l eve l s  i n  Lake Michigan a t  
Milwaukee rose  gradually from t h e i r  lowest recorded l eve l s  i n  t h e  e a r l y  
1960's t o  t h e i r  highest  l eve l s  s i n c e  t h e  1870's.  Long-term recess ion 



rates were estimated. The study characterized the impacts of storm waves 
on recession rates. The study also characterized the general landforms 
along the Lake Michigan coast and discussed the causes of shoreline 
recession in the County. The findings of the study are documented in 
Recent Recession of ~ a k e  Michigan shoreline in ~acine County, Wisconsin, 
J. P. Keillor and R. DeGroot (1978). 

The largest bluff recession rates were recorded along the northern 
reaches of the County coastline. In this area, bluff recession rates 
were found to average 5.8 feet per year over the period of observation, 
with one site averaging 14 feet per year. Recession rates measured south 
of the City of Racine averaged only 1.4 feet per year over the period of 
observation. Nearly five million cubic feet per year of bluff material, 
or about 75 percent of the total County loss of 6.6 million cubic feet 
per year, is estimated to be eroded from the northern segment of the 
County coastline. The most probable cause of the large land losses in 
the northern part of the County is a combination of high, unstable 
bluffs with a perched watertable, a lack of structural protection, and 
high exposure to storm wave action. 

3. Wisconsin Coastal Management Program 
An inventory of shoreline conditions was completed in 1976 under the 
Wisconsin coastal Management Program. For each of four coastal reaches 
within the County, information assembled on short-term (10-year) and 
long-term (100-year) bluff recession rates; the physical characteristics 
of the bluffs, beach, and geologic formations present; observed shore 
damages; and known shore protection structures and boat ramps was pre- 
sented. The findings of this study are presented in Shore Erosion Study 
Technical Report, Appendix Two, Racine County, A. F. Schneider, T. Edil, 
and B. Haas, Wisconsin Coastal Management Program (1977). 

In the southern part of the County, numerous shore protection structures 
and artificial fill areas were noted. In unprotected areas, considerable 
property damage and shoreline recession were reported. Beach conditions 
and widths were extremely variable, depending upon the degree of struc- 
tural protection provided, and bluff heights ranged from less than 10 
feet to over 90 feet. Immediately north of the City of Racine, poorly 
protected areas were subject to severe wave erosion at the toe, or 
bottom, of the bluff, slumping at the top of the bluff, and material 
loss from the exposed face of the bluff , often due to groundwater dis - 
charge and surface water runoff. Bluff heights commonly ranged from 20 
to 30 feet. The reach of coastline north of Wind Point is rated as the 
third most critical erosion area along the entire coastline of Wiscon- 
sin. The severe erosion and bluff recession along this northern section 
is attributed to the following factors: 

0 Narrow--10 to 40 foot wide--beaches. 
0 Relative lack of structural shore protection. 
0 Intense wave action against the toe of the bluff. 
@ A northwest-southeast orientation of the coast and its gentle con- 

cavity towards the northeast, which makes the shoreline particularly 
vulnerable to attack by winter storm waves from the northeast. 

0 Steep, high--over 80 feet--bluffs. 
A high content of easily eroded, fine-grained materials in the bluff. 



@ Permeable layers in the bluff which allow rapid groundwater flow- 
through. 

@ The massive groin structure at the Wisconsin Electric Power Company 
Oak Creek Power Plant that probably interrupts the prevailing long- 
shore current and leads to increased net erosion along the predomi- 
nant downcurrent side. 

4. University of Wisconsin-Extension Report 
The University of Wisconsin-Extension developed, for the Wisconsin 
Coastal Management Program, proposed regulations to reduce coastal 
erosion losses. The report suggests methods of determining erosion 
hazard areas, describes ways to reduce shoreline erosion, presents 
the rationale for developing zoning and subdivision regulations which 
adjust land use and development to the erosion hazard, and includes 
sample ordinance provisions for zoning ordinances and subdivision 
ordinances which take the shoreline erosion hazard into account. The 
report is set forth in Regulations to Reduce Coastal Erosion Losses, 
D. A. Yanggen (1981). 

5. Racine County Erosion Control Study 
In 1979, Racine County retained the firm of Owen Ayres & Associates, 
Inc., to prepare a combined lake access, ecological management, recrea- 
tional activity and management, and coastal zone erosion study to help 
guide the future development of the county's Cliffside Park, the Town of 
Caledonia's Lake Michigan Park area, and adjacent areas in the Town of 
Caledonia. The study area consisted of the entire coastal region north 
of Six Mile Road in the Town of Caledonia, an area containing the most 
severe coastal erosion problems in Racine County. Bluffs range from 40 
to more than 80 feet in height and beach widths are generally less than 
30 feet. Soil boring logs indicated a zone of perched groundwater lying 
from three to eight feet below the ground surface. Strata of permeable 
sand and gravel were also located along the bluff face. These conditions 
allow groundwater to discharge at the bluff face, causing material flows 
and slumps. Toe erosion of the bluffs was also very common. The report 
cites references which state that the long-term (110-year) recession 
rate ranged from one to four feet per year. During the period of 1967 to 
1975, recession rates ranged up to 12.5 feet per year. An estimated 
300,000 cubic yards of material is eroded into the lake annually from 
the study area. The study evaluated alternative structural measures to 
reduce shoreline erosion. It was recommended that the bluff be regraded 
to a stable slope, that the bluff face be revegetated, that a granular 
bluff drain be constructed, that armor stone revetments be provided for 
bluff toe protection, and that overland flow and perched groundwater 
flow be collected and diverted to the stone revetments. 

6. Racine County Shoreland Cadastre 
In 1981, Racine County completed a multipurpose cadastre for that por- 
tion of Racine County perceived to have special Lake Michigan shoreland 
management needs. The cadastre file included real property boundaries, 
land use data, real estate tax information, parcel size, local zoning 
classification, and soil types. The area for which the cadastre was 
developed includes all real properties in Racine County abutting Lake 
Michigan, as well as properties between Lake Michigan and the first 



major man-made or natural feature west of Lake Michigan. This area 
ranges in width from about 200 feet to 4,800 feet, and approximates the 
coastal erosion study area. 

COASTAL EROSION STUDY AREA 

For the purposes of this study, the shoreland area of Lake Michigan was 
defined as that area of Racine County lying within approximately 1,000 feet of 
the ordinary high water mark of Lake Michigan, as well as certain lands along 
the Root River east of the Marquette Street bridge (see Map 1). The study 
area thus includes lands subject to County shoreland zoning regulations, one 
of the most important of all shoreland development management mechanisms. In 
general, the study area includes those lands which most directly affect, 
and are most affected by, Lake Michigan resources and processes. The Racine 
County cadastral map was prepared for the shoreland area covering an area 
ranging in width from 200 feet to 4,800 feet. The area covered by the cadas- 
tral mapping program approximates the coastal erosion study area. 

S Ll MMA RY 

Several previous studies on shoreland development and shoreline erosion in 
Racine County have been prepared in response to increasing public concern over 
land use in the shoreland area and the erosion of that area. A recently com- 
pleted shoreland development management study for Racine County analyzed 
shoreland development problems, including shore erosion, recreational access, 
natural resource preservation, and land use regulations. 

Coastal erosion management may be defined as a coordinated set of measures-- 
both structural and nonstructural--designed to abate shoreline erosion and 
reduce damages which result from such erosion. Currently, shoreland develop- 
ment in the unincorporated portions of Racine County is regulated by the 
county shoreland zoning ordinance. Because of the extremely valuable resources 
contained within the shoreland area and the increasing demand for these 
coastal resources, there is a need to establish development setbacks and other 
use restrictions which are related specifically to existing and probable 
future bluff recession rates and stable slope configurations. 

Previous studies pertinent to coastal erosion in Racine County have been 
prepared by the Racine County Coastwatch Program, the University of Wisconsin 
Sea Grant College Program, the Wisconsin Coastal Management Program, the 
University of Wisconsin-Extension, and Racine County. These studies provide 
much of the basic data needed to prepare an erosion management plan. 

3 ~ h e  actual study area boundary is the man-made or natural physical feature 
lying closest to a line 1,000 feet from the ordinary high water mark of Lake 
Michigan. Along several reaches of the study area in the northern portion of 
the County, real property lines had to be used as the study area boundary, 
owing to absence of major physical features near the shoreline in this area. 



Map 1 

COASTAL EROSION 
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Chapter I I 

PURPOSE AND SCOPE 

INTRODUCTION 

The purpose and scope of the Racine County coastal erosion study were devel- 
oped on the basis of the knowledge and experience of persons who were well 
informed and intimately familiar with the coastal area of the County, as well 
as the knowledge of persons who possess the technical skills important to good 
coastal zone erosion management. To place such knowledge and experience at the 
disposal of the study, the Racine County Board established the Coastal Erosion 
Technical Advisory Committee, the composition of which is given on the inside 
front cover of this report. One of the important functions of this Committee 
was to articulate the purpose and define the scope and content of the study, 
so that the findings and recommendations would be relevant and useful to the 
public officials and private interests concerned with the development and 
redevelopment of the coastal area, providing a sound guide to decision making 
over time related to such development and redevelopment. 

RELATION TO OTHER STUDIES 

As noted in Chapter I, several previous studies have addressed coastal erosion 
in Racine County and the findings and recommendations of these studies con- 
stituted important considerations in defining the purpose and scope of this 
study. The recommendations for both structural and nonstructural coastal 
erosion control measures made by the Racine County Technical Subcommittee 
on Shoreland Development Standards were incorporated into this study and 
used to estimate potential future coastal conditions, to coordinate the non- 
structural control measures developed in this study to potential structural 
control measures, and to reflect the coastal erosion control objectives of 
the local agencies of government concerned. ' The Technical Subcommittee 
made recommendations for three subareas of the coastal zone: 1) the "undevel- 
oped area," that is, the subareas of the coastal zone not yet developed for 
intensive urban uses; 2) the "undeveloped coastal strip" located adjacent 
to the developed areas of the coastal zone; and 3) the "developed area," 
that is, the subareas of the coastal zone developed for intensive urban uses. 
The recommendations made by the Technical Subcommittee are summarized in 
the following paragraphs. 

The "undeveloped area" was defined as the coastal area from the northern 
County boundary to the southern boundary of Cliffside Park. This area consists 
of about 1.8 miles of coastline not yet developed for intensive urban use. 
Nonstructural measures were generally recommended for this area to reduce 
losses by shore erosion. These measures included: beach nourishment, sand 
bypassing at the Oak Creek Power Plant, acquisition of additional land for 

'~acine County Technical Subcommittee on Shoreland Development Standards, Rec- 
ommendations of the Racine County Technical Subcommittee on Shoreland Develop- 
ment Standards for the Racine County Land Use Committee, 1982. 



Cliffside Park, setback restrictions on new buildings and public roads, and 
the use of relocatable structures for any planned development in this subarea 
of the coastal zone. These measures recognized and sought to protect the 
natural resource-related values and use opportunities in the coastal areas, 
and recognize that structural shore protection measures and bluff stabiliza- 
tion efforts are generally very costly. 

The "undeveloped coastal stripw located adjacent to developed areas was 
defined as the coastal area from the southern edge of Cliffside Park to Six 
Mile Road. This area is generally undeveloped except for a few residences. 
Recommended measures to reduce losses by shore erosion in this area included 
bluff stabilization and structural shore protection measures to reduce the 
erosion hazard; private relocation, or public acquisition and removal of 
existing structures; application of minimum setback distances to proposed new 
structures where predictable; and adequate shore protection measures for 
proposed new facilities which are not relocatable and do not meet minimum 
setback distances. 

The "developed area" was defined as the coastal area from Six Mile Road to 
the southern County line. The coastline in this area is generally developed 
for intensive urban uses except for occasional vacant lots and municipal 
parkland. In this area structural measures were considered the only feasible 
means of reducing losses by shore erosion. The recommended measures for this 
area include structural protection, prohibition of new facilities vulnerable 
to erosion damage in the erosion hazard area, special public review pro- 
cedures for proposed bluff stabilization and shore protection measures to 
ensure proper design and sound land management practices to reduce erosion 
potential, continued use of conditional use permit application procedures, 
encouragement of cooperative structural protection and bank stabilization 
measures, use of minimum setback requirements with a required justification 
by the owners concerned of the use of subminimal setback distances, and the 
provision of shore protection measures for all new major facilities which 
are not relocatable. 

PURPOSE AND SCOPE 

The primary purpose of the Racine County coastal erosion management study is 
to identify and map high erosion risk areas along the Lake Michigan shoreline 
of Racine County and to develop a coordinated set of land use regulations 
properly related to existing and probable future bluff recession rates within 
the identified high-risk areas. The study is thus intended to provide a sound 
technical basis for providing information to the public and for amending the 
County shoreland zoning ordinance and other local land use regulations in 
order to more effectively reduce erosion hazards, and to guide and shape 
future coastal development in the public interest. To accomplish this purpose, 
the following specific work elements were undertaken as part of the coastal 
erosion management study: 

1. The collation of all existing pertinent data on Lake Michigan coastal 
erosion processes, problems, and rates in Racine County; pertinent 
land use regulations; and structural and nonstructural erosion con- 
trol measures ; 



2. The collection of additional data, as necessary, to verify or update the 
results of previous studies; 

3. The identification and mapping of high erosion risk areas and the estab- 
lishment of coastal recession rates, stable slope angles, and areas 
of impact; 

4. The formulation of recommendations to amend the County shoreland zoning 
ordinance and other applicable local land use regulations to better meet 
the agreed-upon coastal management objectives; 

5. The conduct of special evaluations of critical high erosion risk areas 
to provide additional data needed to define alternative erosion con- 
trol measures. 

The results of this study represent an important step towards the development 
of a total coastal erosion management program for Racine County. Control of 
coastal erosion in Racine County requires an integrated approach involving 
both structural and nonstructural measures. The degree of erosion and the 
effectiveness of erosion abatement measures are highly site specific and may 
vary over time. Factors such as Lake Michigan water elevations, upcurrent 
erosion control measures, and changing wind and wave characteristics con- 
tribute to and complicate this variability. Therefore, structural erosion 
control measures, as well as a continuing program of data collection and 
refinement, will be needed in addition to nonstructural measures to fully 
attain an effective coastal erosion control program in Racine County. 

SUMMARY 

The purpose and scope of the Racine County coastal erosion study was developed 
under the guidance of the Coastal Erosion Advisory Committee established by 
the Racine County Board. As a basis for estimating future coastal conditions 
and to coordinate the nonstructural control measures developed in this study 
to potential structural control measures, recommendations for structural 
measures made by the Racine County Technical Subcommittee on Shoreland Devel- 
opment Standards were incorporated into this study. These structural control 
recommendations were prepared for developed and undeveloped reaches of the 
coast. Generally, structural control measures were not found to be cost- 
effective for undeveloped coastal areas, with the exception of a small area 
south of Cliffside Park adjacent to an urban development. For the remaining 
coastal area developed for intensive urban uses, the consideration of struc- 
tural control measures was recommended. 

The primary purpose and scope of this study is to identify and map high 
erosion risk areas along the Lake Michigan shoreline of Racine County and to 
develop a coordinated set of land use regulations properly related to existing 
and probable future bluff recession rates within the identified high-risk 
areas. Work elements undertaken as part of this study include the collection, 
verification, and updating of existing coastal erosion data, the mapping of 
high erosion risk areas based on coastal recession rates and stable slope 
angles, the formulation of recommendations to amend the County shoreland 
zoning ordinance and other applicable local land use regulations, and the 
conduct of special evaluations of critical high-risk areas. 



 

 

(This page intentionally left blank) 



Chapter I I I 

INVENTORY FINDINGS 

INTRODUCTION 

The formulation and application of land use regulations t o  reduce ex is t ing  and 
probable future  losses due t o  shoreline erosion requires the  delineation of 
high-risk erosion areas;  and careful  consideration of the  ex is t ing  land use 
pa t te rn ,  of the  natural  resource base of the  shoreland area,  and of coasta l  
erosion processes, r a t e s ,  and control  measures. Accordingly, t h i s  chapter pro- 
vides a description of the  shoreland study area,  per t inent  information on the  
natural  resource base elements relevant t o  coasta l  erosion management, a sum- 
mary of exis t ing land use and zoning pat terns ,  and information spec i f ic  t o  
coasta l  erosion i n  Racine County. 

Much of the  data presented herein,  including most of the  spec i f ic  coasta l  ero- 
s ion data ,  were or ig ina l ly  col lected i n  the  previous s tudies  referenced i n  
Chapter I.  Other data  were col lected spec i f ica l ly  fo r  t h i s  study; these data 
were used t o  ver i fy  and extend the  r e su l t s  of previous s tud ies .  Ful l  use was 
a l so  made of the  findings of the  recently completed Racine County shoreland 
development management study. ' 
The study area was defined i n  Chapter I and shown on Map 1. Some of the  inven- 
tory data ,  such as land use, surface water drainage, and s o i l s ,  are  presented 
fo r  the  e n t i r e  study area.  Other inventory information, par t i cu la r ly  t ha t  
spec i f ica l ly  re la ted  t o  coasta l  erosion processes, r a t e s ,  problems, and control  
measures, i s  presented only fo r  the  immediate shoreland area.  As appropriate, 
other data ,  such as  c l imat ic  and groundwater data a re  presented for  adjacent 
inland portions of Racine County as well as  fo r  the  shoreland area .  

This chapter consis ts  of s i x  sect ions .  The f i r s t  sect ion presents data  on the  
natural  resource base per t inent  t o  coasta l  erosion management. The second 
sect ion concerns the  ex is t ing  land use pa t te rn  and zoning d i s t r i c t  regula- 
t ions  and boundaries within the  study area.  The t h i r d  sect ion addresses coasta l  
erosion processes. The fourth sect ion concerns shoreland development regula- 
t ions .  Structural  shore protection measures a re  discussed i n  t he  f i f t h  sect ion,  
and the  s i x t h  sect ion addresses coasta l  erosion problems. 

NATURAL RESOURCE BASE 

This sect ion presents data  on those aspects of the  natural  resource base which 
a f f e c t ,  o r  may be affected by, coasta l  erosion management. Data a re  pre- 
sented on the  geology, s o i l s ,  beach and bluff  charac te r i s t i cs ,  surface water 
resources, groundwater resources, and climate of the  shoreland and re la ted  
areas.  

'see SEWRPC Community Assistance Planning Report No. 73, A Shoreland Develop- 
ment Management Study fo r  Racine County, Wisconsin, 1982, pp. 90. 



Geology - 
The consolidated bedrock underlying Racine County generally dips eastward at 
a rate of 10 to 15 feet per mile. Precambrian age crystalline rock formations 
generally lie between 2,000 to 3,000 feet below the surface. Cambrian sandstone 
rock formations imbedded with shale and dolomite lie above the crystalline rock 
formations and generally range in thickness up to 2,000 feet. Above the Cam- 
brian rock formations lie Ordovician sandstone, dolomite, and shale formations 
which vary in thickness from 500 to 850 feet. The bedrock closest to the sur- 
face is comprised of Silurian rock formations, primarily Niagara dolomite, 
which ranges up to 350 feet in thickness. 

The Niagara dolomite formations are covered by unconsolidated glacial deposits 
which range up to 300 feet in thickness in the extreme northern end of the 
County. Glacial deposits in other portions of the County generally range from 
20 to 100 feet in thickness in the northern part of the County, and from 100 to 
200 feet in thickness in the southern part of the County. 

Materials directly deposited by glacial ice are called till. Although uncon- 
solidated, the till deposited over Racine County is relatively uniform in terms 
of physical and engineering properties. The till present in Racine County, 
called the Wadsworth till, is relatively fine-grained and interspersed with 
lake sediment deposits. The Wadsworth till is the most predominant material 
comprising the eroding bluff faces along the Lake Michigan shoreline in Racine 
County. Following the retreat of the glacier which deposited the Wadsworth 
till, a lake--called Glacial Lake Chicago--filled the southern part of the now 
Lake Michigan basin at an elevation of about 640 feet above National Geodetic 
Vertical Datum (NGVD), or about 60 feet above the present level of Lake Michi- 
gan. The remnants of this lake in Racine County consist of ridges of sand and 
other lake sediments which cover the Wadsworth till at an elevation of about 
640 feet NGVD. The present level of Lake Michigan is at an elevation of about 
580 feet NGVD. 

Soils - 
Soil properties influence the rate and amount of storm water runoff, thereby 
affecting the severity of surface erosion at the top of the lake bluffs. Soil 
properties also are an important consideration in the evaluation of shallow 
groundwater seepage from the bluff face. The angle of stable slope and the 
type of vegetative cover which can be supported along the shoreline are greatly 
in£ luenced by soil properties. 

In order to assess the significance of the diverse soils found in southeastern 
Wisconsin, the Southeastern Wisconsin Regional Planning Commission, in 1963, 
negotiated a cooperative agreement with the U. S. Soil Conservation Service 
under which detailed operational soil surveys were completed for the entire 
planning Region. The results of the soil surveys have been published in SEWRPC 
Planning Report No. 8, Soils of Southeastern Wisconsin. The regional soil sur- 
veys have resulted in the mapping of the soils within the Region in great 
detail. At the same time, the surveys have provided data on the physical, 
chemical, and biological properties of the soils and, more importantly, have 



provided interpretations of the soil properties for planning, engineering, 
agricultural, and resource conservation purposes. Detailed soils maps are thus 
available for the entire shoreland area for use in coastal erosion management. 

With respect to surface storm water runoff, which is a contributing factor to 
bluff erosion, the most significant soil interpretation is the categorization 
of soils into four hydrologic soil groups: A, B, C, and D. In terms of runoff 
characteristics, these four hydrologic soil groups are defined as follows: 

Hydrologic Soil Group A: Very little runoff because of high infiltration 
capacity, high permeability, and good drainage. Covers 180 acres, or about 
7 percent of the study area. 

H y d r o l o g i c  Moderate amounts of runoff because of moderate 
infiltration capacity, moderate permeability, and good drainage. Covers 
535 acres, or about 21 percent of the study area. 

Hydrologic Soil Group C: Large amounts of runoff because of low infiltration 
capacity, low permeability, and poor drainage. Covers 1,041 acres, or about 
41 percent of the study area. 

Hydrologic Soil Group D: Very large amounts of runoff because of very low 
infiltration capacity, low permeability, and poor drainage. Covers 362 acres, 
or about 14 percent of the study area. 

The remaining 434 acres, or about 17 percent, are covered by disturbed soils 
and man-made features. 

The spatial distribution of the four hydrologic soil groups within the study 
area is shown on Map 2. Hydrologic soil groups C and D soils may contribute 
substantial surface runoff from the top edge of the bluff and over the bluff 
face, causing severe surface erosion of bluffs. Soil groups A and B, due to 
increased infiltration capacity, may produce higher levels of groundwater seep- 
age from the bluff face, which also may cause severe bluff slumping. 

Bluff Characteristics 

The bluffs along the Racine County shoreline of Lake Michigan exhibit a range 
of height, composition, vegetative cover, level of structural protection, 
and recession rates. This section describes the physical characteristics--the 
height and composition--of the bluffs. Bluff erosion processes, structural pro- 
tection measures, and bluff recession rates are described in later sections of 
this chapter. 

Table 1 summarizes the length of shoreline within various bluff height ranges. 
Bluff heights are also shown on Map 3 and in Figure 1. South of the City of 
Racine Harbor, the bluffs generally range in height from 30 to 40 feet. Between 
the northern breakwater of the Racine harbor and Six Mile Road in the Town of 
Caledonia, the height of the coastal bluffs varies considerably, but is gen- 
erally less than 40 feet. North of Six Mile Road the bluff heights increase 
with bluffs of more than 80 feet in height found along the shoreline north of 
Cliffside Park. Typically, the coastal bluffs in Racine County extends to the 





County extend to the water's edge or to the edge of a narrow beach area paral- 
lel to the water's edge. Notable exceptions occur at Pershing Park, North 
Beach, the Racine sewage treatment plant, and the Wisconsin Electric Power 
Company site, where extensive areas of natural or man-made land exist between 
the base of the bluff and the water's edge. Only about 21 percent of the shore- 
line has bluffs equal to or less than 20 feet in height. Nearly 56 percent of 
the shoreline has bluff heights ranging from 2 1  through 40 feet in height, and 
about 22 percent of the shoreline has bluff heights ranging from over 40 to 
80 feet in height. Less than 2 percent of the shoreline has bluffs in excess 
of 80 feet in height. 

The Racine County bluffs are composed of a large variety of materials. Table 2 
indicates the predominance of various materials, and Figure 1 and Map 3 show 
the distribution of various types and combinations of materials along the 
shoreline. Till is the most predominant bluff material, comprising at least 
a portion of the bluffs along approximately 57 percent of the shoreline. Silt 
and clay are the second most predominant bluff materials, occurring in about 
48 percent of the bluff shoreline length, with the next most common material 
being sand, present in about 30 percent of the bluff shoreline length. Nearly 
65 percent of the bluffs contained portions, or strata, of an unknown composi- 
tion. Some of these unknown strata may be composed of artificial fill contain- 
ing gravel, stone, concrete, iron, glass, slag, asphalt, and solid waste. 

Table 1 Table 2 

SlJMMARY OF BLUFF HEIGHTS PREDOMINANCE OF BLUFF 
ALONG THE LAKE MICHIGAN COMPOSITION MATERIALS ALONG 

SHORELINE OF RACINE COUNTY THE LAKE MICHIGAN SHORELINE 
1978 ' OF RACINE COUNTY: 1977 

' 

a The shore l ine  length shown i s  the length o f  
the  b l u f f  which i s  a t  l eas t  p a r t i a l l y  com- 
posed o f  more than one materia I. There- 

Source: Ke i l l o r  and DeGroot ( 1979) and SEWRPC. fore, the  t o t a  1 s mmeed 100 Percent of  the  
county shorel ine. 

Mater ia l  

T i l l . . . . . . . . . . . . .  
Si I t  and Clay.. .. 
Sand............. 
Sand and Gravel.. 
Unknown ......... 

Usual l y  o n l y  c e r t a i n  por t ions ,  o r  s t ra ta ,  o f  
a b l u f f  a re  o f  unknown composition. 

B l u f f  
Yeight 
( f e e t )  

0-10 
11-20 
21-30 
3 1-40 
41 -50 
51-60 
61-70 
71-80 
81-90 
91-100 

Tota l 
L 

Source: Schneider, e t  a l .  (1977); and SEWRPC. 

Shorel ine 
Length Which 

Conta ins  
Mater ia l  
i n  B l u f f  
( f e e t  ) 

44,750 
37,250 
23,270 

1,800 
50,370 

Length o f  
Shorel ine  

( f e e t )  

7,280 
9,070 

12,790 
30,810 
6,020 
4,620 
4,160 
2,180 

680 
480 

78,090 

Percent 
o f  Tota l  

County 
Shorel ine 

Length 

57.3 
47.7 
29.8 

2.3 
64.5 

Percent o f  
Tota l  County 

Shorel ine Length 

9.3 
11.6 
16.4 
39.5 
7.7 
5.9 
5.3 
2.8 
0.9 
0.6 

100.0 







Beach Characteristics 

A beach may be defined as an area of unconsolidated material  which extends 
landward from the  ordinary low-water l i n e  t o  t he  l i n e  marking a d i s t i n c t  change 
i n  physiographic form o r  t he  beginning of permanent t e r r e s t r i a l  vegetat ion.  
The width of a beach and t he  s i z e  and character  of t he  sediments found on 
beaches vary widely i n  response t o  the  degree of wave act ion a f fec t ing  t he  
beach, t h e  slope of t he  beach face  and t he  nearshore lake bottom, t he  kinds 
of mater ia l  ava i l ab le  near t he  shore fo r  t he  formation of beaches, and man- 
made s t r uc tu r e s .  Table 3 s e t s  f o r t h  beach cha rac t e r i s t i c s  f o r  t he  Racine County 
shorel ine  of Lake Michigan. 

The t a b l e  indicates  t h a t  t he  beaches i n  t he  County a r e  composed primari ly of 
sand, gravel ,  cobbles, and pebbles; smaller pa r t i c l e s  l i k e  s i l t  and clay do 
not  usual ly  remain on t he  beach as do t he  large-s ize  mater ia ls ,  s ince  c lay 
and s i l t  a r e  more read i ly  kept i n  suspension and ca r r i ed  out i n to  the  lake. 
These f i n e r  mater ia ls  tend t o  u l t imate ly  s e t t l e  out i n  calmer, deeper, offshore 
waters. In  1977, about 32 percent of t he  county shorel ine  contained no beach-- 
t h e  lake reaches t h e  bluff  t o e  o r ,  i n  some cases,  a shore p ro tec t ive  s t r uc tu r e .  
Less than 3 percent of the  beach length was composed of a r t i f i c i a l  f i l l .  

Map 4 shows the  d i s t r i bu t i on  of various beach materials  along t he  county coast .  
Sand and gravel  a r e  predominant along t he  f a r  northern and southern coas ta l  
reaches i n  t he  County. The larger  cobble- and pebble-size materials  a r e  p r i -  
marily located near Wind Point--south of t he  Crestview subdivision and north 
of t h e  Vil lage of North Bay. The l a rges t  sand deposits  a r e  found adjacent t o  
t h e  northern sec t ion  of t he  City of Racine. Much of t he  remainder of t he  
coas ta l  area  through t h e  City of Racine contains no beach, largely  a r e s u l t  
of t he  p ro tec t ive  s t r uc tu r e s  present .  Beach materials  a r e  supplied by l i t t o r a l  
d r i f t  t ranspor t ing p a r t i c l e s  contributed t o  the  lake by watershed drainage and 
up-current shorel ine  erosion and bluff  recession.  

Table 3 and Map 4 a l so  ind ica te  the  beach widths along the  coast .  About 54  per- 
cent of t he  shorel ine  has a beach width equal t o  o r  l e s s  than 10 f e e t .  About 
25 percent of t h e  shorel ine  has a beach width ranging from 11 f e e t  through 

Table 3 

BEACH CHARACTERISTICS OF THE LAKE MICHIGAN 
SHORELINE OF RACINE COUNTY: 1977 

Source: Schnelder, e t  a l .  (1977). 

2 0 

Beach 
Cornpos~ t~on  

S a n d . . . . . .  ....... 
Grave I . .  . . . . . . . . . 
G r a v e l a n d s a n d . .  
Cobbles and 

P e b b l e s . . . . . . . .  
Sand, Cobbles, 

P e b b l e s . . . . . . . .  
A r t ~ f ~ c ~ a l  F o l l . .  
No Beach Area. .  . . 

Tota l 

Shorel ine 
Length 
( f e e t )  

9,145 
2,230 
20,515 

3,260 

16,160 
1,940 

24,840 

78,090 

Percent 
o f  To ta l  

County 
Shore l ine 

Length 

11.7 
2.9 
26.3 

4.2 

20.7 
2.5 
31.7 

100.0 

Beach Width ( f e e t )  

1-10 

1,460 
1,710 
8,610 

3,260 

355 
1,940 - - 
17.335 

Percent 
o f  To ta l  

County 
Shore l ine  

Length 

- - 
0.7 
2.7 

- - 
11.7 - - - - 
15.1 

31-75 

- - 
520 

2,050 

- - 
9,130 - - - - 
11,700 

Percent 
o f  To ta l  

county 
Shorel ine 

Length 

1.9 
2.2 
11.0 

4.2 

0.5 
2.5 - - 
22.3 

>75 

b ,  500 -- -- 
- - 
- - - - - - 

4,500 

11-30 

3,185 -- 
9,855 

-- 
- - - - - ., 

19,715 

Percent 
o f  To ta l  

County 
Shore l i ne 

Length 

5.7 - - - - 
- - 
- - - - --  
5.7 

Percent 
o f  To ta l  

County 
Shore l i ne 

Length 

4.1 - - 
12.6 

- - 
8.5 - - 
-- 
25.2 





30 f e e t ,  and about 15 percent has a beach width ranging from 31 f e e t  through 
7 5  f e e t .  Only about 6 percent of t he  shorel ine ,  located j u s t  north of t he  
Racine harbor breakwater, has a beach over 75 f e e t  wide, and t h i s  beach is 
composed e n t i r e l y  of sand. 

Su rface Water Resou rces 

Surface water resources i n  the  coas ta l  zone of Racine County cons i s t  primari ly 
of Lake Michigan but a l so  include t he  Root River and ce r t a i n  minor streams 
t r i bu t a ry  t o  Lake Michigan, and form a pa r t i cu l a r l y  important element of t h e  
na tu ra l  resource base of t he  study area .  In  some areas ,  surface  runoff has 
an important e f f e c t  on bluff  recession by eroding material  from the  face  of 
t he  bluff  and by forming g u l l i e s  and ravines a t  t he  edge of t he  b lu f f .  The 
Lake Michigan shorel ine  through Racine County measures 14.8 miles i n  length.  
The shoreland area  a l so  contains a por t ion of the  Root River estuary as  well 
as a l l  o r  port ions of two unnamed perennial  streams and seven unnamed i n t e r -  
mi t tent  streams (see Map 5 ) ,  a l l  of which discharge i n to  Lake Michigan. 
Within t he  study area ,  the re  is a t o t a l  of 1 . 6  miles of perennial  streams and 
5 . 1  miles of in te rmi t t en t  streams. There a r e  a l so  a few small ponds within t h e  
study area .  

The qua l i t y  of both the  inland surface  waters and Lake Michigan a r e  suscept ib le  
t o  de te r io ra t ion  as a r e s u l t  of t he  a c t i v i t i e s  of man. The qua l i ty  of surface  
waters is  influenced by po l lu tan t  contr ibut ions  from sewage treatment p lan t  
o u t f a l l s ,  separa te  and combined sewer f low-rel ief  devices, storm sewer out-  
f a l l s ,  d i r e c t  surface  runoff from adjacent lands, and coasta l  beach and bluff  
erosion.  Coastal b luff  erosion contr ibutes  a subs tan t ia l  amount of sediment 
t o  the  lake; about 6 . 6  mil l ion cubic f e e t  of shore material  is estimated t o  
be eroded i n t o  t he  Lake each year i n  Racine County. By comparison, l e s s  than 
0.8 mil l ion cubic f e e t  of sediment is  transported annually by t h e  Root River 
a t  the  City of ~ a c i n e . '  A more de ta i l ed  discussion of t he  water qua l i t y  and 
sources of po l lu t ion  of Lake Michigan and of t he  streams and r i ve r s  t r i b u t a r y  
t o  t h e  lake is found i n  t he  Lake Michigan Estuarv and Direct  Drainage Area 

Groundwater Resources 

The occurrence, d i s t r i bu t i on ,  d i rec t ion ,  and quant i ty  of flow of groundwater 
resources have important impacts on t h e  s t a b i l i t y  of b luff  s lopes.  Along t he  
Racine County shorel ine ,  groundwater generally flows towards t he  lake and d i s -  
charges e i t h e r  a t ,  o r  below, the  base of t h e  bluff  i n t o  t he  lake,  o r  seeps out 
of t he  bluff  s lope a t  some e levat ion above lake l eve l .  The presence of ground- 
water reduces t he  f r i c t i o n a l  r es i s t ance  t o  s t r e s s ,  c rea tes  a seepage pressure 
i n  t he  d i rec t ion  of water flow, adds weight t o  t h e  b lu f f ,  and causes under- 
cu t t i ng  of b luff  mater ia ls .  A U. S. Geological Survey repor t  noted t h a t  within 
Racine and Kenosha Counties, surface  water runoff contributes about 125 cubic 

'see SEWRPC Technical Report No. 21, Sources of Water Pol lu t ion i n  South- 
eas te rn  Wisconsin: 1975, 1978, pp. 791. 





f ee t  per second t o  Lake Michigan, while groundwater contributes only about 
f ive  cubic f ee t  per second t o  the  lake. 

Three major aquifers underlying the  study area y ie ld  water t o  wells ,  spr ings ,  
lakes, and streams. These aquifers a re  commonly cal led the  deep sandstone aqui- 
f e r ,  the  shallow Niagara dolomite aquifer ,  and the  shallow sand and gravel 
aquifer.  The sandstone aquifer underlying the  e n t i r e  County and comprised of 
the  Cambrian and Ordovician s t r a t a  is  used primarily as an indus t r ia l  water 
supply source i n  t he  study area.  About 80 percent of the  recharge of t he  sand- 
stone aquifer occurs i n  a corridor which runs through western Washington, Wau- 
kesha, and Walworth Counties. Wherever the  water t ab l e  level  of the  sandstone 
aquifer l i e s  beneath the  level  of Lake Michigan, some recharge from the  lake 
i s  induced. 

The Niagara dolomite, of Si lur ian age, i s  the  pr incipal  shallow aquifer i n  
the  area.  This aquifer,  which underlies the  e n t i r e  study area,  produces water 
yie lds  which a re  somewhat e r r a t i c ,  depending upon the  s i z e  and number of 
crevices and solut ion cav i t i es  i n  t he  portion of the  aquifer contributing 
t o  the  well .  Recharge of the  aquifer is  by the  downward seepage of precipi-  
t a t i o n  which f a l l s  i n  the  immediate area.  Some recharge i s  a l so  induced from 
Lake Michigan. 

Water-saturated sand and gravel deposits above the  bedrock form a t h i rd  source 
of groundwater i n  Racine County. The sand and gravel aquifer i s  discontinuous. 
Where the  sand and gravel deposits a re  deep and over l ie  the  Niagara dolomite, 
the  two aquifers  a re  hydraulically connected, and the  l a t e r a l  movement of water 
within t he  two aquifers i s  s imilar .  The recharge of the  sand and gravel aqui- 
f e r  i s  by local  downward percolation of p rec ip i ta t ion .  However, because of 
the  hydraulic interconnection between the  Niagara dolomite and the  sand and 
gravel deposi ts ,  groundwater seepages from the  sand and gravel deposits could 
occur even during periods of low prec ip i ta t ion .  The groundwater discharges 
and seepages from the  bluff  slopes are  primarily contained within t he  sand 
and gravel aquifer .  

Climate 

A i r  temperature and the  type, in tens i ty ,  and duration of p rec ip i ta t ion  events 
a f f ec t  the  degree and extent of erosion. Climate impacts on coasta l  erosion 
include freeze-thaw actions caused by water contained within the  bluff  mate- 
r i a l ,  high surface runoff from frozen s o i l s  i n  ear ly  spring, the  reduction of 
wave act ion due t o  i c e  formation on the  lake, high levels  of surface runoff, 
and s o i l  erosion following periods of heavy r a i n f a l l .  

A i r  temperature impacts are  primarily re la ted  t o  the  formation of i c e  on the  
lake, t h e  i n i t i a t i o n  of freeze-thaw actions on s o i l s ,  and the  high runoff 
r a t e s  from frozen s o i l s .  Table 4 presents average monthly a i r  temperature 
var ia t ions  a t  the  Racine National Weather Service Station.  A s  shown i n  t he  
tab le ,  winter temperatures, as  measured by the  monthly means fo r  December, 
January, and February, range from 1 7 ' ~  t o  26 '~ .  Summer temperatures, as  mea- 

3 ~ .  D .  Hutchinson, Water Resources of Racine and Kenosha Counties, Southeastern 
Wisconsin, U .  S .  Geological Survey Water Supply Paper No. 1878, 1970. 



sured by t he  monthly means fo r  June, July ,  and August, average from 6 6 ' ~  t o  
7 7 ' ~ .  

The depth and duration of ground f r o s t ,  o r  frozen ground, influences hydrologic 
and s o i l  erosion processes, pa r t i cu l a r l y  t he  proportion of r a i n f a l l  o r  snowmelt 
t h a t  w i l l  run off  of the  land and freeze-thaw a c t i v i t y .  The amount of snow 
cover i s  a major determinant of f r o s t  depth. Since the  thermal conductivi ty 
of snow cover is  l e s s  than one- f i f th  t h a t  of moist s o i l ,  heat  loss  from the  
s o i l  t o  the  colder atmosphere is g rea t ly  inh ib i t ed  by t he  insu la t ing  snow 
cover. Snow cover is most l i ke ly  during t he  months of December, January, and 
February, during which a t  l e a s t  a 40 percent probabi l i ty  e x i s t s  of having one 
inch o r  more of snow cover, as measured a t  the  Milwaukee weather s t a t i o n .  
Frozen ground is l i ke ly  t o  e x i s t  throughout the  study area fo r  approximately 
four months each winter season, extending from l a t e  November through March, 
with more than s i x  inches of f r o s t  occurring i n  January, February, and t he  
f i r s t  hal f  of March. A s  frozen ground on t he  slopes thaws, it frequently is 
suscept ib le  t o  a c t i ve  slumping of the  b lu f f ,  as  observed by Racine County 
coastwatchers. Streams and lakes begin t o  f reeze  over i n  l a t e  November, and 
i c e  breakup normally occurs i n  l a t e  March o r  ea r ly  April .  

P rec ip i t a t ion  within t h e  study area  takes t he  form of r a i n ,  s l e e t ,  h a i l ,  and 
snow, and ranges from gen t le  showers of t r a c e  quan t i t i e s  t o  b r ie f  but in tense  
and po ten t ia l ly  des t ruc t ive  thunderstorms o r  major rainfall-snowmelt events 
causing severe bluff  and beach erosion.  Average monthly and annual t o t a l  
p rec ip i t a t ion  and snowfall f o r  t he  Racine National Weather Service S ta t ion  
a r e  presented i n  Table 5 .  The average annual t o t a l  p rec ip i t a t ion  i n  t he  Racine 
area  i s  34.19 inches d u r i n g t h e  period of 1970 through 1980. The average annual 
snowfall and s l e e t  measured as snow and s l e e t  a l so  over t he  period of 1970 
through 1980 i s  43.43 inches. Assuming t h a t  10 inches of measured snowfall 

Table 5 
Table 4 

AVERAGE MONTHLY 
AVERAGE MONTHLY AIR PRECIPITATION AND SNOW 

TEMPERATURE A T  RACl NE AND SLEET A T  RACINE 
1970 THROUGH 1980 1970 THROUGH 1980 

Month 

January.. ... 
February.. .. 
March.. ..... 
Apri I . .  ..... 
May ......... 
June ........ 
July.  ....... 
August ...... . September.. ... October.. ... Novembe r .  
December. ... 

Yearly  
Average 

w 

Source: National Weather Service and SEWRPC. Source: Na t i ona l Weather Service and SEWRPC. 

Average Snow 
and S leet  
( inches) 

14.39 
8.50 
7.60 
1.63 - - -- - - - - - - 
0.38 
2.46 
8.47 

43.43 

Month 

January.. .. 
Feb rua ry.  .. 
March. . . . . .  
A p r i l  ...... 
May... ..... 
June. ...... 
J u l y . .  ..... 
August ..... 
September.. 
October.. .. .. November. .. December. 

Year ly  
Average 

, 
Average 

D a i l y  
Max i mum 

25 
3 1 
4 1 
5 4 
66 
7 6 
82 
80 
72 
6 1 
46 
33 

55.5 

Average Total  
P r e c i p i t a t i o n  

( inches ) 

1.34 
1.07 
2.98 
4.22 
2.79 
3.73 
3.81 
3.71 
4.13 
2.19 
1.98 
2.24 

34.19 

Average ' 
D a i l y  

M i n i mum 

8 
15 
26 
3 6 
46 
56 
7 2 
61 
54 
44 
3 1 
18 

38.9 

Mean 

17 
23 
34 
45 
56 
66 
77 
7 1 
63 
52 
3 9 
26 

46.2 



and s l e e t  a re  equivalent t o  one inch of water, the  average annual snowfall 
of 43.43 inches i s  equivalent t o  4.34 inches of water. Therefore, only about 
13 percent of the  average annual t o t a l  p rec ip i ta t ion  occurs as snowfall and 
s l e e t .  Average t o t a l  monthly prec ip i ta t ion  fo r  t he  Racine area ranges from 
1.07 inches i n  February t o  4.22 inches i n  April.  The pr incipal  snowfall months 
a re  December, January, February, and March, during which 90 percent of t he  
average annual snowfall may be expected t o  occur. 

Extreme prec ip i ta t ion  events may r e s u l t  i n  massive coasta l  losses due t o  high 
levels  of erosion, seepage, and slumping. A one-hour storm with an expected 
average recurrence in te rva l  of once every two years would have a t o t a l  ra in-  
f a l l  of about 1.2 inches.' A one-hour, 10-year recurrence in te rva l  storm would 
have a t o t a l  r a i n f a l l  of about 1.8 inches and a 24-hour, 10-year recurrence 
in te rva l  storm would have a t o t a l  r a i n f a l l  of about 3.7 inches. Extended wet 
periods may a l so  r e su l t  i n  unusually high coasta l  losses .  Over the  period 1895 
t o  1980, t he  maximum annual amount of p rec ip i ta t ion  a t  Racine was 48.33 inches 
i n  1954, o r  41 percent above the  1970 t o  1980 annual average. The maximum 
monthly prec ip i ta t ion  amount was 10.98 inches, which occurred i n  May 1933. 

MAN-MADE FEATURES 

An understanding of the  ex is t ing  c i v i l  d ivis ions ,  land use pat terns ,  and zoning 
i s  essen t ia l  t o  t he  sound formulation of p rac t ica l  development guidelines based 
upon ant ic ipated bluff  recession r a t e s .  Accordingly, t h i s  section describes the  
ex is t ing  c i v i l  d ivis ions ,  land use, and zoning within the  study area.  

Civil Divisions 

Local c i v i l  d ivis ion boundaries within t he  study area a re  shown on Map 6. The 
study area ,  which l i e s  en t i r e ly  within Racine County, contains portions of the  
City of Racine, the  Villages of North Bay and Wind Point, and the  Towns of 
Caledonia and M t .  Pleasant. The area and proportion of the  study area,  as well 
a s  t he  length of Lake Michigan shoreline lying within the  jur isdic t ion of each 
of these general-purpose local  un i t s  of government, a re  shown i n  Table 6. 

Existing Land Use 

The type and s p a t i a l  d i s t r ibu t ion  of major categories of land use ex is t ing  
within the  coasta l  erosion study area of Racine County i n  1980 a re  summarized 
on Map 7 .  The a r ea l  extent of the  land use categories within the  shoreland 
study area ,  which encompasses a t o t a l  of 2,552 acres,  i s  presented i n  Table 7. 
A s  shown on Map 7 ,  and indicated i n  Table 7 ,  a s ign i f ican t  portion of the  study 
area,  1,429 acres,  o r  56 percent of t he  t o t a l  area--was devoted t o  urban uses 
i n  1980, including res iden t ia l ;  commercial; i ndus t r i a l ;  t ransportation,  com- 
munication, and u t i l i t y ;  and governmental and in s t i t u t i ona l  uses. Of these 

'K. W .  Bauer, "Determination of Runoff fo r  Urban Storm Water Drainage System 
Design," SEWRPC Technical Record, Volume Two, Number Four, April-May 1965. 

5National Weather Service, Wisconsin S t a t i s t i c a l  Reporting Service, and SEWRPC. 



Map 6 

CIVIL DIVISION BOUNDARIES 
IN THE LAKE MICHIGAN 
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Table 6 

AREA AND SHORELINE LENGTH OF C I V I L  DIVISIONS 
WITHIN THE RACINE COUNTY LAKE MICHIGAN 

COASTAL EROSION STUDY AREA: 1982 

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

Town o f  Caledonia........ 
Town o f  M t .  Pleasant..... 
V i l l a g e  o f  Wind Point.... ... Vi  l lage o f  North Bay.. 
C i t y  o f  Racine........... 

Study Area Total  

Percent Lake Michigan 
o f  Shore l i ne 

Area Study Length 
(square m i  l es )  Area ( f e e t )  

- 
Percent 

o f  
county 
Tota l 

30.2 
17.1 
16.3 
4.2 

32.2 

Source: SEWRPC. 

Table 7 

EXISTING LAND USE I N  THE RACINE COUNTY 
LAKE MICHIGAN COASTAL EROSION STUDY AREA: 1980 

'includes o f f - s t r e e t  parking, terminals, communication f a c i l i t i e s ,  and u t i  l i t i e s .  

Land Use Category 

Residential......................... 
Commercial.......................... 
I n d u s t r i a l . .  ........................ 
Transportat  ion, Communication, 

and U t i l i t i e s a . . .  ................. 
Governmental and i ns t i t u t i ona l . . . . . .  

Urban Subtota l - 
Rec rea t i ona I b. ...................... ............................ Wetlands 
Woodlands...... ..................... 
A g r i c u l t u r a l  and Other Open Lands.. . 
Water............................... 

Rura l Subtota l 

Tota l 
I 

b ~ x c l u d e s  wet lands, wood lands, and o f f - s t r e e t  park ing w i t h i n  e x i s t i n g  park and outdoor 
recreat ion  s i t es .  

Source: SEWRPC. 

Land Use 

Pe rcent  
o f  Tota l  

27.3 
1.8 
5.1 

14.6 
7.2 

56.0 

16.2 
2.0 
5.7 

18.7 
1.4 

44.0 

100.0 

Ac re  s 

695 
47 

130 

373 
184 

1,429 

414 
50 

146 
476 

3 7 

1,123 

2,552 

Percent 
o f  Urban 
Subtota l 

48.6 
3.3 
9.1 

26.1 
12.9 

100.0 

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

Percent 
o f  Rural 
Subtotal 

- - -- -- 
- - - - 
- - 
36.9 
4.5 

13.0 
42.4 

3.2 

100.0 

-- 





urban land uses, residential uses comprise the largest proportion--695 acres, 
or 49 percent of the developed urban area. Recreational uses comprised an addi- 
tional 414 acres, or 16 percent of the total area. Of this recreational use 
total, 396 acres, or 96 percent, are in public ownership, while the remainder 
are in private ownership. Remaining undeveloped lands, including wetlands, 
woodlands, and agricultural and other open space lands, encompassed 672 acres, 
or 26 percent of the total area. Surface water, consisting primarily of the 
Root River, accounted for the balance--37 acres, or 1 percent of the total 
study area. 

Existing Zoning 

Zoning ordinances and attendant zoning district maps provide an important 
expression of community land use development objectives. Zoning ordinances 
are presently in effect in each of the five minor civil divisions which have 
jurisdiction in the Lake Michigan coastal erosion study area of Racine County. 
The City of Racine, the Villages of North Bay and Wind Point, and the Town of 
Mt. Pleasant have adopted and currently administer their own zoning ordinances. 
The Town of Caledonia has adopted the Racine County zoning ordinance, which is 
administered for the Town of Caledonia by the Racine County Planning and Zoning 
Department. The Village of Wind Point is currently in the process of preparing 
a new zoning ordinance and zoning district map. Generalized existing zoning 
districts within the study area are shown on Map 8. Table 8 presents the areas 
categorized into various zoning districts. 

A large portion of the study area has been placed in zoning districts which 
permit urban development--a finding which is not surprising, given the highly 
urbanized character of the study area. As indicated in Table 8, a total of 
2,331 acres, or 91 percent of the study area, have been placed in zoning dis- 
tricts which permit residential, commercial, industrial, and governmental and 
institutional development. The largest single zoning category is residential 
which accounts for 1,094 acres, or 43 percent of the study area. Lands placed 
in districts which allow urban development account for 13.6 linear miles, or 
95 percent of the total Lake Michigan shoreline in Racine County. 

COASTAL EROSION PROCESSES 

Erosion of the Racine County Lake Michigan coast is a natural process which 
can be accelerated or decelerated by human activities. Coastal erosion includes 
two processes, bluff erosion and beach erosion, but bluff erosion is of par- 
ticular concern because it poses a threat to human life and property. Various 
factors contribute to bluff erosion and beach erosion. These factors include: 
wave action, groundwater seepage, precipitation runoff, lake level elevation, 
freeze-thaw actions, lake ice movement, and the type of vegetative cover. 

Bluff Erosion 

Bluff erosion occurs in the form of toe erosion, slumping, sliding, flow, 
surface erosion, and solifluction, and results in the intermittent, sometimes 
massive, recession of the bluff. On all slopes gravity acts to move material 
on the slope to a lower elevation. On most slopes which are undisturbed by 





Table 8 

EXISTING ZONING I N  THE RACINE COUNTY 
LAKE MICHIGAN COASTAL EROSION STUDY AREA: 1981 

Genera l 
Zoning D i s t r i c t a  - 

D i s t r i c t s  Which Permi t  
Urban Deve l opment 

R e s i d e n t i a l . . . . . . . . . . .  .. 
Commercial .............. 
I n d u s t r i a  I . .  ............ 
Gove rnmenta l and .......... I n s t i t u t i o n a l  
A g r i c u l t u r a  I . .  .......... 

.......... Subto ta l  

D i s t r i c t s  Which P r o h i b i t  
Urban Development 

A g r i c u l t u r a l - U r b a n  
Ho ld ing  D i s t r i c t  ....... 

Recreat iona I . .  .......... 
S u b t o t a l  

Tota I 

Genera l 
Zoning Districts 

D i s t r i c t s  Which Permi t  
Urban Deve l opment ............. R e s i d e n t i a l  

Comme r c  i a l .............. 
I n d u s t r i a l . .  ............ 
Governmenta l and ......... I n s t i t u t i o n a l  
A g r i c u l t u r a l . .  .......... 

Subtota l 

D i s t r i c t s  Which P r o h i b i t  
Urban Development 

A g r i c u l  t u r a  I-Urban 
H o l d i n g  D i s t r i c t . .  ..... 

Recreat  iona I . .  .......... 
Subtota l 

Tota l 

Town o f  Caledonia Town o f  M t .  P leasan t  

C i t y  o f  Racine 

Area 

V i l l a g e  o f  Wind P o i n t  

Area 

Acres 

343 
6 -- 

77 
546 

972 

- - 
214 

214 

1,186 

Frontage on 
Lake Mich igan  

Area 

Acres 

179 
7 

106 

14 -- 
306 

7 -- 
7 

313 

Frontage on  
Lake Mich igan  

Percent  

29.0 
0.5 - - 
6.5 

46.0 

82.0 

- - 
18.0 

18.0 

100.0 

L i n e a r  
Mi l e s  

1.91 -- - - 
0.45 
1.10 

3.46 

- - 
0.71 

0.71 

4.17 

Area 

Acres 

321 
6 4 

136 

145 - - 
666 

-- -- 
-- 
666 

Frontage on 
Lake Mich igan  

Percent  

57.2 
2.2 

33.9 

4.5 - - 
97.8 

2.2 - - 
2.2 

100.0 

L i n e a r  
M i l e s  

1.64 - - 
0.61 

0.15 - - 
2.40 

0.08 - - 
0.08 

2.48 

Percent  

45.8 -- -- 
10.8 
26.4 

83.0 

- - 
17.0 

17.0 

100.0 

Acres 

210 - - -- 
- - 
136 

346 

- - - - 
- - 

346 

Frontage on 
Lake Mich igan  

Percent  

48.2 
9.6 

20.4 

21.8 - - 
100.0 

-- -- 
- - 

100.0 

L i n e a r  
M i l e s  

2.82 
0.28 
0.66 

1.19 - - 
4.95 

-- -- 
-- 

4.95 

Percent  

66.1 - - 
24.6 

6.1 - - 
96.8 

3.2 -- 
3.2 

100.0 

Percent  

60.7 - - - - 
- - 

39.3 

100.0 

- - - - 
-- 

100.0 

L i n e a r  
Mi l e s  

1.48 - - - - 
- - 

0.98 

2.46 

-- -- 
-- 

2.46 

Percent  

57.0 
5.7 

13.3 

24.0 - - 
100.0 

-- -- 
- - 

100.0 

Percent  

60.7 - - -- 
- - 

39.8 

100.0 

- - - - 
- - 

100.0 



Table 8 (continued) 

Genera l L i n e a r  I I Zoning ~ i s t r i c t ~  I Acres I Percent  1 M i l e s  Percent  I Acres I pe rcen t  1 k r  I percen t  I 
I I  1 I  I  I  I  I  

D i s t r i c t s  Which Permi t  

V i l l a g e  o f  N o r t h  Bay 

Urban Development 
R e s i d e n t i a l .  . . . . . . . . . . . .  100.0 0.30 100.0 1,094 42.9 8.15 56.8 
Commercial .............. 0.28 
I n d u s t r i a l  . ............. 1 !f I 1: 1 1: I 1: 1 2;: 1 ::Y 1 1.27 1 ::I 1 

Study Area T o t a l  

Area 

Governmenta I and 
I n s t i t u t i o n a l  . . . . . . . . .  

A q r i c u l t u r a l . .  .......... 

Area 
Frontage on 

Lake Michigan 

I Subtota I  1 41 1 100.0 1 0.30 1 100.0 1 2 , 3 3 1  1 91.3 1 1 3 . 5 7 1  94.5 1 

Frontage on 
Lake Mich igan  

D i s t r i c t s  Which P r o h i b i t  
Urban Deve lopment 

A g r i c u l  t u r a  I-Urban 
Ho ld ing  D i s t r i c t  ....... 

Rec rea t i ona I .  ........... 
........ Subtota I . .  

T o t a l  ............ 

a ~ h e  zoning d i s t r i c t  c a t e g o r i e s  a r e  g e n e r a l i z e d  c a t e g o r i e s .  The r e s i d e n t i a l  c a t e g o r y  on Map 8 i n c l u d e s  t h e  
R1, R2, R3, R4, and R5 D i s t r i c t s  o f  t h e  C i t y  o f  Racine zoning ordinance; t h e  R2, R3, R4, R5, R7, and R8 D is -  
t r i c t s  o f  t h e  Racine County zoning ordinance; t h e  R40E, R100, and RM2 D i s t r i c t s  o f  t h e  Town o f  Mt. P leasant  
zoning ord inance;  and t h e  r e s i d e n t i a l  d i s t r i c t s  o f  t h e  zoning o rd inance  o f  t h e  V i  l lages o f  N o r t h  Bay and 
Wind P o i n t .  The commercial c a t e g o r y  on Map 8 inc ludes  t h e  61, 82, 83, 84, 85, and 0 D i s t r i c t s  o f  t h e  C i t y  
o f  Racine zoning ord inance;  t h e  B1 D i s t r i c t  o f  t h e  Racine County zoning ordinance; and t h e  81, 82, and 63 
D i s t r i c t s  o f  the  Town o f  M t .  P leasant  zoning ord inance.  The i n d u s t r i a l  c a t e g o r y  on Map 8 i n c l u d e s  t h e  
12 D i s t r i c t  o f  t h e  C i t y  o f  Racine zoning ord inance;  and t h e  M I  and ME D i s t r i c t s  o f  t h e  Town o f  M t .  P leasan t  
zoning ord inance.  The governmental and i n s t i t u t i o n a l  c a t e g o r y  on Map 8 inc ludes  t h e  0/1 D i s t r i c t  o f  t h e  
C i t y  o f  Racine zoning ord inance;  t h e  PI D i s t r i c t  o f  t h e  Racine County zoning ord inance;  and t h e  PUL D i s -  
t r i c t  o f  t h e  Town o f  Mt. P leasant  zoning ord inance.  The r e c r e a t i o n a l  c a t e g o r y  on Map 8 inc ludes  t h e  P2 D i s -  
t r i c t  o f  t h e  Racine County zoning ord inance.  The a g r i c u l t u r a l  c a t e g o r y  on Map 8 inc ludes  t h e  A2 D i s t r i c t  
o f  t h e  R a c ~ n e  County zoning o rd inance  and t h e  a g r i c u l t u r a l  d i s t r i c t  o f  t h e  V i l l a g e  o f  Wind P o i n t  zon ing  
ord inance.  The a g r i c u l t u r a l - u r b a n  h o l d i n g  c a t e g o r y  on Map 8 inc ludes  t h e  AUH D i s t r i c t  o f  t h e  Town o f  

M t .  P leasant  zoning ord inance.  

Source: Racine County Planning and Zoning Department and SEWRPC. 



man, and where waves a r e  not eroding t he  base of the  slope,  an equilibrium is  
es tabl ished over a r e l a t i ve ly  long period of time between the  s t r e s s e s  ac t ing 
t o  move material  down the  slope and t h e  res is tance  of the  materials  i n  t he  
slope t o  those s t r e s s e s .  The shear s t r e s s  of t he  materials  i n  t h e  b lu f f s  is 
primari ly determined by t he  weight of t he  s o i l  and water mass i n  t he  bluff  , 
water pressures i n  t he  b lu f f ,  external  loads such as  buildings,  v ibra t ions ,  
and t he  degree of l a t e r a l  support from the  bluff  s lope.  Bluff mater ia ls  have 
a shear s t reng th  which is normally g rea te r  than these  s t r e s s e s .  Shear s t reng th  
depends on t he  proper t ies  of t he  s o i l ,  t h e  loading on t he  s o i l ,  and the  mois- 
t u r e  content ,  which is i n  pa r t  determined by the  degree of s o i l  drainage. 
Bluffs  erode when e i t he r  the  shear s t r e s s  i s  increased o r  the  shear s t reng th  
decreased, a l t e r i ng  the  balance of forces u n t i l  the  s t r e s s e s  exceed t he  r e s i s t -  
ing s o i l  s t rength .  Undercutting a t  t he  t oe  of t he  slope by waves steepens t he  
bluff  and increases the  shear s t r e s s .  

One major type of slope f a i l u r e  i s  s l i d ing .  In  t h i s  type of f a i l u r e  t h e  mate- 
r i a l  generally moves along a s ing le  s l i d e  plane. The two forms of s l i d e s  common 
along t he  Racine County coast  a r e  t r an s l a t i ona l  s l i d e s  and slumps. On many 
slopes which have very l i t t l e  o r  no vegetat ion,  t r an s l a t i ona l  s l i d e s  occur. 
This type of f a i l u r e  involves a surface  layer several  inches t o  one o r  two f e e t  
th ick  s l i d i n g  e i t he r  rapidly o r  f a i r l y  slowly down the  b l u f f .  The term slump 
is  used when s l i d ing  of a f a i r l y  large  mass takes place along a curved surface .  
The s l i d e  mass i s  ac tua l ly  ro ta ted and o f ten  the  top of t he  slump block is 
t i l t e d  back and toward t he  h i l l  s lope.  Slumps u sua l l y t ake  place f a i r l y  rapidly  
and can cause extensive damage. 

A second major type of slope f a i l u r e  is  flow. With t h i s  kind of slope f a i l u r e  
large  amounts of water a r e  present  and t he  s o i l  mass ac tua l ly  l i q u i f i e s  and 
moves l i k e  a f l u i d .  Some flow commonly occurs a t  the  toe  of slump blocks during 
and r e l a t i ve ly  soon a f t e r  f a i l u r e .  Since slump blocks undergo ro t a t i on  and t he  
top of t he  block i s  of ten  t i l t e d  back toward t he  b lu f f ,  surface  water can 
accumulate i n  these  depressions and s a tu r a t e  the  underlying s o i l .  Flows a l so  
occur when in tense  ra ins  s a tu r a t e  t he  surface  layer of s o i l  o r  i n  t he  spr ing 
as in tergranular  i c e  melts near t he  s o i l  surface  and verywet  conditions occur. 
Flows can a l so  occur where groundwater discharges along t he  bluff  face through 
s i l t s  o r  f i n e  sands. I f  these  more permeable s o i l  layers a r e  located between 
l e s s  permeable c lay  layers ,  t h i s  removal of sediment by flow due t o  groundwater 
seepage i s  referred t o  as sapping, and can cause undercutting which c rea tes  an 
unstable s lope i n  which slumps o r  s l i d e s  w i l l  occur. 

A t h i r d  type of slope f a i l u r e ,  r e la ted  t o  flow, is so l i f l uc t i on .  So l i f luc t ion ,  
o r  s o i l  flow r e su l t i ng  from freeze-thaw a c t i v i t y  occurring both i n  f a l l  and 
spr ing,  can reduce the  s t a b i l i t y  of b luff  s lopes.  During t he  thawing period, 
the re  is a buildup of excess pore pressure within t he  s o i l  mass. Because of 
underlying impermeable frozen ground, t he  pore pressures cannot be diss ipated 
and thus ,  shear res is tance  decreases. Also, t he  growth of i c e  c ry s t a l s  within 
t he  s o i l  during winter months weakens t h e  s t r uc tu r e  of t h e  s o i l .  The amount 
of moisture i n  a s o i l  p r i o r  t o  freezing w i l l  a f f e c t  t h e  shear s t rength  a f t e r  
it is thawed; t h e  higher t he  moisture content before freezing t he  g rea te r  t h e  
reduction i n  shear s t rength  a f t e r  thawing. The net  r e s u l t  i s  a shear res i s t ance  
o r  s t rength ,  which i s  l e s s  than t he  shear s t r e s s ,  and therefore ,  even gen t le  
slopes may erode. 



A fourth type of slope failure is sheet wash and rill and gully erosion. Both 
sheet wash and rill and gully erosion result from surface water runoff flowing 
over the top of the bluff, and over the slope face itself. Sheet wash is the 
unconfined flow of water over the soil surface during and following a rainfall. 
Depths of flow are generally only a few millimeters. Raindrop impact is the 
dominant factor in the detachment of soil particles and once the particles are 
detached, they are transported downslope at a rate determined by the water 
runoff rate, slope steepness, vegetative cover, roughness of the surface, and 
the transportability of the detached soil particles. Rills and gullies are 
formed by the concentrated, channelized, flow of water on the surface. Rill 
and gully formation tends to follow zones of weakness established by desicca- 
tion cracking and differences in soil expansion due to freeze-thaw and wetting 
and drying. On the lake bluffs, the rills are generally destroyed over the 
winter months by freeze-thaw activity and solifluction, whereas, gullies may 
exist for years. 

A fifth type of slope failure is rock or soil fall. This type of failure takes 
place when undercutting is extreme and near vertical cliffs are produced. Even 
though some such segments of bluff are present along the Racine County coast, 
these are generally fairly small and rock or soil fall from vertical faces 
plays only a small role in the overall coastal erosion of the County. 

Because slope stability is influenced by dynamic factors, slope failure is 
a process that occurs in an unpredictable, abrupt fashion as opposed to a uni- 
form, relatively continuous, fashion. After each incremental slope failure, the 
soil masses tend to temporarily assume a stable configuration until the net 
effect of the many influencing factors once again decreases slope stability, 
thus precipitating another incremental failure . 
Several factors affect the type of slope failure which occurs and the severity 
of that failure. The physical characteristics of the beach and bluff, as pre- 
viously discussed in this chapter, have a major influence on the resistance of 
the slope to failure. Numerous other factors affect the external stresses which 
are placed upon the slope, resulting in various types of failure. 

The degree of wave energy affecting toe erosion is related to the slope of the 
beach and offshore areas, the orientation of the beach in relation to storm 
wind and waves, the lake distance over which waves can develop, and the eleva- 
tion of the water surface relative to the elevation of the base of the bluff. 
Most of the strong lake winds over Lake Michigan near Racine Countylapproach 
from a direction of 10' to 20' east of north.6 As these wind-generated waves 
approach the coast, wave refraction in shallow water bends the waves more 
perpendicular to the shore. Almost half of the major storm events approaching 
the Racine County coast from this direction during the period of 1968 through 
1973 generated waves 10 feet or more in height. A wave refraction pattern 
analysis indicated that for the shoreline north of Wind Point, which exhibits 
the highest bluff recession rates in the County, storm waves were concentrated 
due to the alignment of the coast to the waves and to the nearshore bathymetry. 
South of Wind Point, the waves were dispersed, losing 40 to 75 percent of their 

'J. P. Keillor and R. DeGroot, Recent Recession of Lake Michigan Shorelines in 
Racine Countv. Wisconsin. Volume 1. Text. A~ril 1. 1978. 



deep water wave energy. This may p a r t i a l l y  account f o r  t he  lower bluff  reces-  
s i on  r a t e s  exhibited south of Wind Point .  Wave information col lec ted under t h e  
Racine County Coastwatch Program a l so  indicates  t h a t  s ign i f i can t  waves o f ten  
approach the  county shorel ine  from the  southeast .  

Lake water l eve l  f luctuat ions  a f f ec t  r a t e s  of wave-induced toe  erosion.  High 
water levels  r e s u l t  i n  more rapid  recession of t h e  b l u f f s .  When t he  water l eve l  
is  low, wave energy i s  expended as waves break along t h e  beach. When water 
l eve l s  r i s e ,  waves can break d i r e c t l y  on t he  t oe  of t h e  bluff  and erode t h e  
b lu f f  mater ia l .  The base of t he  bluff  i s  then undercut, c rea t ing  unstable 
condit ions i n  t he  slope above. This i s  eventually followed by s lope f a i l u r e  
and t he  movement of material  down t o  the  base of t he  b lu f f .  A s  water l eve l s  
decrease, t h e  beach again widens and much of t he  wave energy i s  d i s s ipa ted .  
There is a time lag,  however, between bluff  recession r a t e s  and t he  decl ine  
i n  lake l eve l  because materials  i n  t he  bluff  take  time t o  form a s t a b l e  slope.  
Thus, even a f t e r  water levels  decl ine  and wave erosion i s  decreased, b luff  
recession continues a t  a f a i r l y  high r a t e  u n t i l  t h e  b lu f f s  have reached 
a s t a b l e  s lope angle. 

Since 1860, average annual surface e levat ions  of Lake Michigan a t  Milwaukee 
have ranged from a low of 577.06 f e e t  above National Geodetic Ver t ica l  Datum 
(NGVD) i n  1964, t o  a high of 582.24 f e e t  above NGVD i n  1886 (see Figure 2 ) .  
The l eve l  of Lake Michigan is  a function of i n£  low from Lake Superior, storm 
water runoff from the  t r i bu t a ry  land surface ,  p r ec ip i t a t i on  f a l l i n g  d i r e c t l y  
on the  Lake, outflow from Lake Michigan through t he  S t r a i t s  of Mackinac, 
evaporation from the  lake surface ,  and changes i n  t he  storage--volume of 
water-- in t h e  Lake. Seasonal water l eve l  changes a l so  occur, with generally 
t h e  highest  water l eve l  elevations occurring during June, July ,  and August, 
and t he  lowest l eve l s  occurring i n  January and February. ' 
The ant ic ipated occurrence of high Lake Michigan water levels  was presented i n  
a repor t  prepared by t he  U .  S. Army Corps of Engineers.' For various reaches 
of t h e  Lake Michigan coast ,  t h e  repor t  includes est imates of t he  highest  water 
l eve l s  along t he  open coast  expected t o  be equalled o r  exceeded f o r  various 
recurrence i n t e rva l s .  Estimates were made of t he  highest  water l eve l s  t o  be 
expected on an average of once every 10 years ,  as well  as once every 50 years ,  
100 years ,  and 500 years.  These l eve l s  were based on water l eve l  frequency 
curves derived by t he  Corps from the  maximum instantaneous water l eve l s  
recorded each year by t he  National Oceanic and Atmospheric Administration over 
an approximately 70-year period,  adjusted t o  current  o u t l e t  condit ions.  Lake 
Michigan l eve l s  on the  Racine County coast  may be expected t o  equal o r  exceed 
maximum leve l s  of 582.7 f ee t  NGVD an average of once every 10 years,  583.6 f e e t  
NGVD every 50 years,  583.9 f e e t  NGVD every 100 years ,  and 584.5 f e e t  NGVD every 
500 years.  Even t he  10-year recurrence i n t e rva l  maximum water l eve l  i s  higher 
than t he  maximum leve l  shown i n  Figure 2, because t h e  values shown i n  Figure 2 

'c. H .  Mortimer, Environmental Sta tus  of t h e  Lake Michigan Region, Volume 2, 
Physical Limnology of Lake Michigan, Par t  1, Physical Character is t ics  of Lake 
Michigan and i ts  Responses t o  Applied Forces, 1975. 

'u. S .  Army Corps of Engineers, Report on Great Lakes Open Coast Flood Levels, 
February 1977. 
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are average annual surface water elevations while the predicted recurrence 
interval elevations are derived from maximum instantaneous levels. Prolonged 
storm periods of several days duration may raise water levels by a foot or more 
along the county coast line. 

Ice formation influences bluff erosion and tends to contribute to a seasonal 
cycle in erosion. When ice develops along the shore in winter, it serves as 
a temporary protective barrier against wave action associated with winter 
storms, thereby reducing bluff erosion. When ice is not stationary against the 
shore, floating ice chunks can scour the beaches and the bluff toe, thereby 
reducing the ability of the beach to dissipate wave energy and contributing 
to toe erosion. Floating ice fields, depending on wind conditions, may develop 
along the coast. Ice can also cause damage to structures which have been pro- 
vided to protect the beach and bluff. 

Groundwater seepage can also affect bluff stability in several ways. In most 
areas along the Racine County coast groundwater moves toward the lake and, in 
some places, discharges either at the toe of the bluff or from the bluff face. 
Saturated soil conditions decrease the grain-to-grain contact pressure in the 
soil and reduce the frictional resistance of the material to stress. Ground- 
water also adds weight to the bluff, further increasing stress on the slope. 
In addition, groundwater seepage creates a seepage pressure in the direction 
of water flow. This pressure is especially important in granular soils such 
as sands and silts and is less important when the content of clay is fairly 
high. If groundwater actually discharges along the bluff face, some under- 
cutting of materials also occurs. Removal of bluff materials by groundwater 
is especially important when sand layers are either interbedded with fine 
grained materials or are present at the bluff top. When present on the top of 
the bluff, large amounts of water percolate through the sand until a less 
permeable material is reached and the water then travels laterally towards the 
bluff face. Sapping of material may occur at the top of this impermeable layer. 

Vegetation can also have an effect on bluff stability and erosion. The above- 
ground portion of the vegetation physically intercepts raindrops, thereby 
reducing their potential to loosen particles on the bluff face, reducing the 
impact of wind, and serving to trap windblown sediment. The underground por- 
tion of vegetation serves to bind the unconsolidated material in place, to 
prevent slippage between soil layers parallel to the bluff face, and to retard 
surface wash and filter out the sediment carried by that wash. The roots of 
vegetation, however, may induce infiltration by slowing runoff and providing 
infiltration passages into the bluff face, thereby possibly contributing to 
a decrease in bluff stability as a result of increased groundwater content 
and level. Transpiration through vegetation can also help to remove ground- 
water from the bluff, however, and thereby contribute to its stability. Vege- 
tation on the top of the bluff may serve to intercept and divert some surface 
runoff, thus preventing it from moving down the bluff face. Probably one of 
the most significant aspects of the lack of vegetation on a bluff face is that 
it serves as an effective indicator of recent erosion. 

'J. P. Keillor and R. DeGroot, Recent Recession of Lake Michigan Shorelines in 
Racine County, Wisconsin, Volume 1, Text, April 1, 1978. - 



Beach Erosion 

The fea tu res  of a beach and the  materials  composing the  beach a r e  continuously 
i n  a s t a t e  of f lux  as a r e s u l t  of the  onshore o r  offshore t ranspor t  of sand 
and gravel  primari ly i n  response t o  wave act ion.  There is a constantly changing 
in te rp lay  between t he  forces t h a t  br ing sand ashore and those t h a t  move it 
lakeward, with the  posi t ion and configuration of t he  main mass of sand a t  any 
time serving as an index of t he  dominant forces .  High, s t eep  waves--typical of 
storm events within t he  coas ta l  area  of southeastern Wisconsin--tend t o  t e a r  
beaches down by removing material  from them and t ranspor t ing it i n  a lakeward 
d i rec t ion .  In  con t ras t ,  t h e  small waves--characterist ic  of periods between 
storm events--tend t o  bui ld  beaches up through a net  landward t ranspor t  of 
sediment. Thus, the  beaches exhibi t  a continuous cyc l i c  pa t t e rn  of erosion 
and accre t ion i n  response t o  t he  nature of t he  waves impinging on t h e  beach. 
Figure 3 shows t h e  process of beach erosion i n  response t o  the  impact of high, 
s t eep  waves. A beach is  s a id  t o  be s t ab l e ,  even though subject  t o  storm and 
seasonal changes, when the  long-term--several years o r  more--rates of supply 
and loss  of material  a r e  approximately equal. 

Sediment i s  a l s o  transported p a r a l l e l  t o  t he  shorel ine  along t he  beach by 
longshore currents .  Longshore currents  a r e  currents  i n  t he  breaker zone run- 
ning general ly  p a r a l l e l  t o  the  shorel ine  and usually caused by waves breaking 
a t  an angle t o  t he  shorel ine .  Longshore currents  t ranspor t  sediment and other  
p a r t i c u l a t e  matter--which is suspended i n  t he  current  o r  bounced and ro l l ed  
along t he  lake bottom--parallel t o  t he  shore. While the  longshore currents  
within t he  coas ta l  zone of Racine County may move i n  e i t he r  a nor ther ly  o r  
souther ly  d i rec t ion  i n  response t he  d i rec t ion  of t he  incident  waves, t he  ne t  
sediment t r anspor t  is  t o  the  south. Evidence of t h i s  f a c t  i s  t he  tendency fo r  
beaches t o  exhibi t  accre t ion on t he  nor th  s i de  of groins,  p i e r s ,  and other  
s t r uc tu r e s  while erosion occurs on t he  southerly s i de  of such s t r uc tu r e s .  The 
U .  S .  Army Corps of Engineers has estimated t h a t  from 50,000 t o  75,000 cubic 
yards of sediment a r e  annually transported along t he  l i t t o r a l  area  of Lake 
Michigan a t  t he  southern boundary of t he  S t a t e  of Wisconsin. 

EXISTING REGULATIONS PERTAINING 
TO SHORELAND DEVELOPMENT 

The S t a t e  of Wisconsin and t he  federa l  government have long been involved 
i n  t he  protect ion of publ ic  r i gh t s  on navigable waters, while more recent ly  
water qua l i t y  has become an important management concern. Of pa r t i cu l a r  con- 
cern fo r  coas ta l  erosion management a r e  t he  means by which s t a t e  and federal  
agencies regula te  various a c t i v i t i e s  a f fec t ing  t he  protect ion of the  Lake 
Michigan shorel ine .  

The U .  S .  Army Corps of Engineers is t h e  primary federa l  agency responsible 
f o r  t h e  regula t ion of s t ruc tu res  and work re la ted  t o  surface waters. I n i t i a l  
Corps a u t h o r i t y t o  regula te  s t ruc tu res  o r  work i n  o r  a f fec t ing  navigable waters 
stems from the  River and Harbor Act of 1899. Corps regulatory author i ty  was 
expanded with t he  passage of t h e  Federal Water Pol lu t ion Control Act amendments 
of 1972.  Section 404 of t h i s  a c t  authorized t he  Corps t o  administer a permit 
program t o  regula te  t h e  deposit ion of dredged and f i l l  materials  i n t o  waters 
and r e l a t ed  wetlands of t he  United S ta tes .  



Figure 3 

BEACH EROSION IN RESPONSE TO WAVE ACTION 
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The S t a t e  of Wisconsin, through t h e  Wisconsin Department of Natural Resources 
(DNR), regula tes  shore p ro tec t ion- re la t ed  a c t i v i t i e s  under t h e  provisions of 
Chapter 30 of t h e  Wisconsin S t a t u t e s .  S t a t e  regula tory  au thor i ty  with respect  
t o  shore protec t ion  and erosion contro l  p ro jec t s  is  l a rge ly  confined t o  pro- 
j e c t s  i n i t i a t e d  a t  o r  below t h e  ordinary high-water mark. For example, Chap- 
t e r  30 provides f o r  t h e  establishment of bulkhead l i n e s  by l o c a l  u n i t s  of 
government and p roh ib i t s  t h e  deposi t  of mater ia ls  o r  f i l l i n g  a t  o r  below t h e  
ordinary high-water mark o r  beyond an es t ab l i shed  bulkhead l i n e .  Under Chap- 
t e r  30, t h e  i n s t a l l a t i o n  of r i p r a p  and shore p ro tec t ion  s t r u c t u r e s  on t h e  
bed and bank of t h e  water--or t h e  unbroken s lope  from t h e  ordinary high-water 
mark--requires a DNR permit.  DNR permits a r e  a l s o  required t o  grade o r  o ther-  
wise remove s o i l  from t h e  bank of any navigable body of water where t h e  a rea  
exposed would exceed 10,000 square f e e t ;  t h i s  provision,  it should be noted, 
a f f e c t s  t h e  grading of t h e  bank below and above t h e  ordinary high-water mark 
and underscores t h e  importance of county and loca l  management of shore pro- 
t e c t i o n  a c t i v i t i e s .  

Under Wisconsin S t a t u t e s ,  county and l o c a l  u n i t s  of government a l s o  have been 
granted a v a r i e t y  of regula tory  powers which can be used t o  guide development 
wi th in  t h e  Lake Michigan shoreland area  i n  t h e  publ ic  i n t e r e s t .  Among t h e  most 
important of these  a r e  t h e  shoreland zoning, comprehensive zoning, and land 
subdivision regula t ions .  The e x i s t i n g  zoning and subdivision regula t ions  i n  
Racine County were described previously i n  t h i s  chapter .  This sec t ion  d iscusses  
how t h e  regula t ions  p e r t a i n  t o  shoreland development and erosion management. 

A s  previously indica ted ,  Racine County present ly  exerc ises  shoreland zoning 
powers wi th in  s t a tu to r i ly -de f ined  shoreland zoning j u r i s d i c t i o n  areas  of t h e  
Towns of Caledonia and M t .  P leasant ,  including the  area  lying within 1,000 f e e t  
of t h e  ordinary high-water mark of Lake Michigan. Cer ta in  provisions of t h e  
county shoreland zoning ordinance serve  t o  minimize erosion hazards along t h e  
Lake Michigan shore l ine .  Most importantly,  t h e  county shoreland ordinance has 
t h e  e f f e c t  of making v i r t u a l l y  a l l  man-made a l t e r a t i o n s  of a shoreland zoning 
a rea  a condi t ional  use subjec t  t o  county review and approval.  S p e c i f i c a l l y ,  
e a r t h  movements such a s  grading, top  s o i l  removal, f i l l i n g ,  root  c u t t i n g ,  
cons t ruct ion ,  a l t e r i n g  o r  enlargement of waterways, removal of stream o r  
lakebed mate r i a l s ,  excavation, and s o i l  and water conservation s t r u c t u r e s - -  
among o the r  a c t i v i t i e s - - a r e  designated as  condi t ional  uses wi th in  t h e  shoreland 
area .  A s  a r e s u l t ,  condi t ional  use permits must be obtained f o r  t h e  construc-  
t i o n  of new bui ld ings ,  t h e  i n s t a l l a t i o n  of shore p ro tec t ion  s t r u c t u r e s ,  and 
most o the r  a l t e r a t i o n s  of t h e  shoreland a rea .  I n  i t s  shoreland condi t ional  
use review process,  Racine County at tempts t o  ensure t h a t  new s t r u c t u r e s  are 
s a f e l y  s i t e d  with respect  t o  erosion hazards, t h a t  shore p ro tec t ion  s t r u c t u r e s  
a r e  well  designed and environmentally sound, and t h a t  a l t e r a t i o n s  of t h e  shore- 
land, i n  genera l ,  do not increase  shore erosion hazards. A l l  appl ica t ions  f o r  
condi t ional  use permits wi th in  t h e  shoreland area  a r e  r e fe r red  as  a matter  
of course t o  t h e  Racine County Land Conservation Committee. I n  addi t ion ,  Racine 
County may seek review comments from t h e  Wisconsin Department of Natural 
Resources, t h e  Universi ty of Wisconsin Sea Grant I n s t i t u t e ,  t h e  U .  S. Army 
Corps of Engineers, t h e  Technical Subcommittee of t h e  Racine County Coastal 
Management Program Technical Advisory Committee, and t h e  Southeastern Wisconsin 
Regional Planning Commission. 

The county shoreland zoning ordinance a l s o  es t ab l i shes  a setback of 400 f e e t  
from t h e  ordinary high-water mark f o r  a l l  s t r u c t u r e s  except publ ic  u t i l i t i e s ,  



rec rea t iona l  f a c i l i t i e s ,  single-family homes, and ex i s t ing  water-oriented com- 
mercial uses.  The r e s iden t i a l  uses and t he  water-oriented commercial uses 
allowed within t h i s  400-foot setback a r e  subject  t o  the  100-foot minimum shore 
yard requirement of t he  comprehensive county zoning ordinance. The comprehen- 
s i ve  zoning ordinance a l so  spec i f i e s ,  however, t h a t  shore yards may be reduced 
t o  t he  average of t he  shore yards ex i s t ing  on abutt ing proper t ies ,  but t o  not 
l e s s  than 50 f e e t .  The 50-foot minimum a l so  applies t o  shore yards on substan- 
dard l o t s .  The shore yard i s  defined as t he  dis tance  between the  average annual 
high-water l i n e  and t he  neares t  pa r t  of t he  p r inc ipa l  building on a l o t .  

In addit ion t o  shoreland zoning regula t ions ,  Racine County has adopted spec ia l  
floodland regulat ions which serve t o  l i m i t  f i l l i n g  and development within 
100-year recurrence i n t e rva l  flood hazard areas .  Racine County floodland regu- 
l a t ions  apply t o  floodlands throughout the  e n t i r e  unincorporated area  of t he  
County. One hundred-year recurrence i n t e rva l  flood hazard areas along t he  Root 
River were i den t i f i ed  by t he  Regional Planning Commission under t he  Root River 
watershed planning program, while flood hazard areas along other  streams i n  
t h e  study area  have been del ineated under flood insurance s tud ies  conducted 
by p r i va t e  consult ing firms fo r  the  Federal Emergency Management Agency f o r  
t he  City of Racine, t he  Vil lage of Wind Point ,  and t he  unincorporated areas of 
Racine County. These f lood insurance s tud ies  a l so  iden t i fy  a narrow band along 
t he  Lake Michigan shorel ine  which i s  subject  t o  inundation by t h e  lake on t he  
average of once every 100 years,  and which i s  a l so  subject  t o  ex i s t ing  county 
and loca l  floodland regula t ions .  

The zoning ordinances of the  City of Racine and the  Villages of North Bay and 
Wind Point a r e  generally devoid of provisions per ta in ing t o  Lake Michigan 
shorel ine  erosion hazards. These municipali t ies have not adopted spec ia l  shore- 
land zoning regula t ions ,  as Racine County has done, nor have they incorporated 
spec ia l  erosion hazard regulat ions i n to  t h e i r  comprehensive zoning ordinances. 
The City of Racine and t he  Vil lage of Wind Point ,  however, have each adopted 
floodland zoning regulat ions which r e s t r i c t  f i l l i n g  and development within 
100-year recurrence i n t e rva l  flood hazard areas within t he  respective communi- 
t i e s .  The regulat ions apply t o  t he  Lake Michigan shorel ine  below the  highest  
lake l eve l  e levat ion t h a t  may be expected during a 100-year period. These regu- 
l a t i ons  provide a bas i s  f o r  t he  local  regulat ion of f i l l i n g  o r  development-- 
including t he  i n s t a l l a t i o n  of shore protect ion devices such as groins o r  
revetments--below t h i s  e levat ion.  

There being r e l a t i v e l y  l i t t l e  undeveloped land within t he  shoreland area  of 
t he  City of Racine and t h e  Vil lages of Wind Point and North Bay, land subdivi-  
s ion regulat ions have, as a p r ac t i c a l  matter ,  l i t t l e  appl ica t ion t o  the  control  
of erosion hazards i n  t h e  incorporated port ion of t he  study area .  I t  should be 
noted, however, t h a t  a review of t h e  subdivision control  ordinances of t he  City 
of Racine and t he  Vil lage of Wind Point indicates  t h a t  the re  a r e  no spec i f i c  
provisions i n  these  ordinances f o r  t he  minimization of Lake Michigan shorel ine  
erosion hazards. 

EXIST1 NG STRUCTURAL EROSION CONTROL MEASURES 

Shoreland s t r u c t u r a l  erosion control  measures a r e  intended t o  reduce coas ta l  
erosion by providing an a r t i f i c i a l  protect ive  ba r r i e r  against  d i r e c t  wave and 
i c e  a t t acks  on t h e  beach and bluff  toe ,  by increasing t h e  extent  of the  beach 



t o  absorb wave energy before t he  water reaches t he  b lu f f ,  by d i s s ipa t ing  wave 
energy, and/or by s t a b i l i z i n g  bluff  s lopes.  However, s t r uc tu r a l  p ro tec t ive  
measures i n s t a l l e d  by both public agencies and by p r iva te  shorel ine  property 
owners a r e  cos t ly  and have had varying degrees of success. In addi t ion,  many 
s t r uc tu r e s  were not properly designed nor constructed, and many a r e  not 
properly maintained, r e su l t i ng  i n  severe de te r io ra t ion  o r  disappearance 
wi thin  a period of time much shor te r  than t he  l i f e  of the  f a c i l i t i e s  they were 
designed t o  p ro tec t .  

Onshore p ro tec t ive  s t ruc tu res  include bulkheads, revetments, and seawalls con- 
s t ruc ted  a t  o r  near the  base of a b lu f f .  Bulkheads serve primari ly as b lu f f -  
r e ta in ing  s t ruc tu res  and support t he  bluff  against  gravi ty  forces.  Seawalls, 
on t he  other  hand, serve t o  support a  b luff  as well as e f fec t ive ly  absorb t h e  
force  of impinging waves. The most common type of onshore protect ive  s t r uc tu r e  
i s  t he  revetment--a f l a t t ened  slope surface  armored with e ros ion- res i s t ive  
mater ia ls ,  such as concrete o r  na tu ra l  rock r ip rap ,  and underlaid by f i l t e r  
c l o th ,  o r  gravel .  

A type of onshore and nearshore protect ive  s t r uc tu r e  is  t he  groin,  which is  
connected t o  and b u i l t  perpendicular from the  beach and is  intended t o  p a r t i -  
a l l y  obst ruct  t he  longshore current  which r e s u l t s  i n  t he  accumulation of t r ans -  
ported sand on the  beach up-current of a s t r uc tu r e .  A s imilar  but temporary 
r e s u l t  may be achieved with a r t i f i c i a l  beach nourishment, although t h i s  
approach is s t i l l  under study--and not generally permitted--by t he  Wisconsin 
Department of Natural Resources. The resu l t ing  beach absorbs wave energy and 
reduces t oe  erosion along t he  adjacent b lu f f s .  I t  should be noted t h a t  t he  
i n s t a l l a t i o n  of groins i n  t he  coasta l  system of southeast  ern Wisconsin can 
lead t o  erosion of t he  beach and bluff  immediately downdrift of groins o r  
groups of groins i f  the re  is too much blocking of t he  l i t t o r a l  d r i f t .  Within 
t h e  Wisconsin shorel ine  of Lake Michigan, the  l a rges t  number of groins a r e  
located i n  Racine and Kenosha Counties. Groins, as well as near ly  a l l  other 
shore protect ion s t r uc tu r e s ,  require per iodic  maintenance, extension, and 
sometimes replacement. 

Breakwaters a r e  protect ive  s t ruc tu res  b u i l t  out from the  shore i n to  deeper 
water and sometimes p a r a l l e l  t o  the  shore. They provide d i s s ipa t ion  of wave 
energy, thus reducing bluff  toe  erosion while reducing the  s t rength  of t he  
longshore current  immediately landward of t he  s t r uc tu r e s .  Like groins ,  how- 
ever,  breakwaters may accelera te  beach and bluff  erosion downdrift of t he  
protected areas ,  a s  sediments s e t t l e  i n  t he  she l t e red  water behind the  break- 
water. Breakwaters cur ren t ly  protect  t he  entrance t o  t he  Racine Harbor and 
a r e  a l so  located p a r a l l e l  t o  the  coast south of t he  harbor fo r  a d is tance  of 
about 1 . 4  miles. 

Slope s t a b i l i z a t i o n  can be accomplished by using earth-moving equipment t o  
regrade t he  face of the  s lope t o  a f l a t t e r ,  more s t a b l e  p ro f i l e ,  thus acceler-  
a t i ng  t he  na tu ra l  s t a b i l i z a t i o n  process. This approach is  p r ac t i c a l  only i f  
su f f i c i en t  vacant land is avai lable  a t  t he  top of t he  b lu f f .  Another s lope 
s t a b i l i z a t i o n  procedure involves t h e  i n s t a l l a t i o n  of in te rna l  dra ins  t o  main- 
t a i n  a lowered water t a b l e  within t he  bluff  face and thus reduce the  l i ke -  
lihood of sl ippage along bluff  surfaces .  Slope s t a b i l i z a t i o n  can a l so  be 
accomplished through maintenance of a p ro tec t ive  cover of vegetat ion.  Slope 
s t a b i l i z a t i o n  measures usually include a combination of these  methods. 



A variety of shoreline protection structures have been installed by public 
agencies and by private property owners, thereby reducing shoreline erosion 
along certain portions of the Racine County coastal area. For example, the 
Racine Harbor breakwater and the breakwater south of the harbor serve to mini- 
mize erosion problems relating to existing development in the Racine central 
business district and the portion of the City of Racine to the south. Many 
structures protecting individual properties have also been installed. For 
example, about 85 structures, including a number of groins, have been con- 
structed along the coastal reach between the Racine Zoological Gardens and 
Shoop Park. In contrast, with the exception of the Wisconsin Electric Power 
Company bulkhead, shoreline protection structures are virtually nonexistent in 
the northernmost portion of the Racine County coastal area--from Cliffside Park 
to the Milwaukee County line--the reach which experienced the highest shoreline 
recession rate in the County in the recent past. l o  

The quality and effectiveness of shoreline protection structures varies consid- 
erably. An inventory of shoreline protection structures in existence in 1976 
along Lake Michigan, including the Racine County coastal area, was conducted 
as part of the shoreline erosion study sponsored by the Wisconsin Coastal Man- 
agement Program.ll This inventory was supplemented by a Regional Planning Com- 
mission staff review of 29 approved shoreline protection structure permits 
filed with the Wisconsin Department of Natural Resources (DNR) between December 
1977 and September 1980. The combined inventories are presented in Appendix A. 
It should be noted that the DNR permit files do not indicate whether proposed 
structures were actually constructed, but are based on the applications and 
plans for such structures. 

Appendix A lists a total of 216 shoreline protection structures of which 78, 
or 36 percent are groins; 71, or about 33 percent are revetments; 39, or about 
18 percent are bulkheads; 6, or less than 3 percent are piers; and 1, or less 
than 1 percent is a breakwater. The remaining 21 structures, or about 10 per- 
cent of the total listed as other, include boathouses, boat launching ramps, 
slag heaps, debris, and concrete sections. Of the total, 136, or about 63 per- 
cent of the shoreline protection structures are located in the Town of Cale- 
donia--Township 4 North, Range 23 East--and 80 structures, or about 37 percent 
of the shoreline protection structures are located in the Town of Mt. Plea- 
sant--Township 3 North, Range 23 East. 

Bluff heights at the structure sites range up to 65 feet. The average bluff 
height at structure sites is 27.4 feet. Bluff slopes range up to 52' for 
a bluff located in Township 3 North, Range 23 East, Section 32. The average 
bluff slope is 29'. Beach widths at structure sites range up to 97 feet. The 
average beach width at structure sites is 14 feet. 

Table 9 presents a summary of the condition of various types of shoreland pro- 
tection structures and the types of failure affecting these structures. The 
inventory of the condition of structures and failure types was conducted in 

OD. M. Mickelson, et a1 . , Shore Erosion Study: Technical Report --Shoreline 
Erosion and Bluff Stability Along Lake Michigan and Lake Superior Shorelines 
of Wisconsin, 1977. 



Table 9 

SURVEY OF SHORE PROTECTION STRUCTURE TYPE, 
CONDITION, AND FAILURE TYPE I N  RACINE COUNTY: 1976-1980 

St ruc ture  
Type 

Revetment.... 
Groin.. ...... 
Bulkhead ..... 
Pier . .  ....... 
Breakwater.. . 
Other. ....... 

Tota l 

A 

a Funct iona l s t ruc tures  a  re  operat iona l and e f fec t i ve ,  but  some p o r t  ions may be 
f a i l i n g .  F a i l i n g  s t ruc tures  are o f  questionable e f fec t iveness  and have moderate 
s t r u c t u r a l  de f ic ienc ies .  Nonfunctional s t ruc tu res  are i n e f f e c t i v e  and have major 
s t r u c t u r a l  de f ic ienc ies .  

Conditions 

1 

Struc ture  
Type 

Revetment .... 
Groin.. ...... 
Bulkhead ..... 
Pier . .  ....... 
Breakwater.. . 
Other.. ...... 

Tota l 

St ruc ture  
Type 

Revetment.... 
Groin.. ...... 
Bulkhead ..... 
Pier . .  ....... 
Breakwater.. . 
Other.. ...... 

Tota l 

The f a i l u r e  type percents are ca lcu la ted  from the t o t a l  number o f  s t ruc tures  
evaluated. Percents may add up t o  more than 100 percent because many s t ruc tu res  
exh ib i t ed  more than one type of f a i l u r e .  

Source : 

Fa i l u re  Typeb 

Fa i l u re  Typeb 

Wisconsin Coastal Management 
Resources, and SEWRPC. 

Nonf unct  i ona l Functional 

Program, 

Number 

13 
9 
2  
2  
1  

12 

39 

Number 

35 
50 
3  4  
3  -- 
7  

----, 

129 

Fai l ing 

W i scons i n  

Percent 
o f  Tota l  

22.8 
13.8 
5.6 

33.3 
100.0 
60.0 

21.1 

Percent 
o f  Total 

61.4 
77.0 
94.4 
50.0 -- 
35.0 

69.7 

Number 

9  
6  - - 
1  - - 
1  

17 

None Flanked 

Col lapsed Other 

Department o f  Natura l 

Percent 
o f  Tota l  

15.8 
9.2 - - 

16.7 - - 
5.0 

9.2 

Number 

7  
15 
22 - - -- 

4  

48 

Number 

2  1  
23 

1 - - - - 
6  

51 

Overtopped 

Number 

13 
13 - - 
2  -- 
2  

3  0  

Number 

7  
15 
3  
1  
1  
8  

3  5  

Fau l t y  Mater ia l  

Percent 
o f  Tota l  

12.3 
23.1 
61.1 -- -- 
20.0 

25.9 

Percent 
o f  Tota l  

36.8 
35.4 
2.8 - - - - 

30.0 

, 27.6 

Number 

36 
33 
8  
2  - - 
7  

86 

Percent 
o f  Tota l  

22.8 
20.0 - - 
33.3 -- 
10.0 

16.2 

Percent 
o f  To ta l  

12.3 
23.1 

8 . 3  
16.7 

100.0 
40.0 

18.9 

Number 

14 -- 
1  
1  - - 
4  

20 

Pe rcent  
o f  Tota l  

63.2 
50.8 
22.2 
33.3 - - 
35.0 

46.5 

Percent 
o f  Tota l  

24.6 - - 
2.8 

16.7 - - 
20.0 

10.8 



1976 under the Wisconsin Coastal Management Program shore erosion study. 
Table 9 indicates that about 61 percent of the revetments, 77 percent of the 
groins, 94 percent of the bulkheads, 50 percent of the piers, and 35 percent 
of the other structures were classified as functional and effective. 

Minor portions of many of these functional structures, however, may have been 
failing; about 63 percent of the functional structures exhibited some form 
of failure. Approximately 23 percent of the revetments, 14 percent of the 
groins, 6 percent of the bulkheads, 33 percent of the piers, the only inven- 
toried breakwater, and 60 percent of the other structures were classified 
as nonfunctional. These nonfunctional structures were ineffective and/or 
exhibited major failures. The remaining structures, classified as failing, 
had moderate structural deficiencies, but were still providing some level of 
structural protection. 

Only about 12 percent of the revetments, 23 percent of the groins, 61 percent 
of the bulkheads, none of the piers and breakwaters, and 20 percent of the 
other structures exhibited no failure of any kind. The predominant type of 
structural failure was overtopping, where the water level, or at least wave 
heights, exceeded the top of the structure. Overtopping affected nearly half 
of the structures inventoried, including about 63 percent of the revetments, 
51percent of the groins, 22 percent of the bulkheads, 33 percent of the piers, 
and 35 percent of the other structures. This indicates that many structures 
have either not been constructed large enough for their intended purpose, or 
that the structures have settled or partially collapsed. As overtopping occurs, 
small particles from the structure or its foundation are removed, and the 
foundation may eventually fail. Other failure types inventoried included 
flanking--where the sides of the structure are eroded--collapsing, and faulty 
design and selection of materials. 

EXIST1 NG COASTAL EROSION PROBLEMS 

The most important Lake Michigan coastal erosion problem existing in Racine 
County is recession of the bluffs. Of foremost concern regarding bluff reces- 
sion is the danger to the life of residents of homes located in close proxi- 
mity to the bluff edge and, therefore, subject to the consequences of major, 
unexpected, rapid slope failure by sliding or slumping. In addition, bluff 
recession has, and will continue to, damage or threaten private residences, 
commercial buildings, streets, parkland, and open natural areas, thereby 
depreciating or destroying real property values. The erosion or accretion of 
the beaches is a related process in that the extent of the beach affects the 
degree of wave erosion at the bluff toe. The failing or nonfunctional status 
of approximately 30 percent of the existing shoreline protection structures, 
previously noted in this chapter, is another factor affecting bluff reces- 
sion rates. 

Bluff Recess ion Rates 

The rate of bluff recession in Racine County has been documented in several 
studies. In particular, a shore erosion study by Schneider, et al., l 2  and 



a recent study by Keillor and ~ e ~ r o o t ' ~  of the University of Wisconsin Sea 
Grant Institute have presented detailed bluff recession rates. ~chneider's 
study presented short-term--10 to 15 year--and long-term--about 110 year-- 
recession rates. The Keillor-DeGroot study documents bluff recession over the 
period from 1968 through 1971 to 1976. It should be noted that the Keillor- 
DeGroot study period included the early and mid-1970 ' s when Lake Michigan water 
levels rose to near record heights. As previously discussed, high lake water 
levels result in the bluff toes being increasingly susceptible to wave attack. 
Moreover, the lake level was increasing between 1968 and 1971--the span of the 
baseline data--and, therefore, several coastal reaches in the County were not 
observed under identical conditions. 

In order to assess the impact of high water levels on bluff recession rates 
and to verify the Keillor-DeGroot rates, the Regional Planning Commission 
measured bluff recession rates in Racine County at the specific Keillor-DeGroot 
measurement sites for the period of 1975 through 1980--generally after the 
Keiller-DeGroot study period--and for the period of 1963 through 1980--thereby 
including the Keillor-DeGroot study period. A description of the methodologies 
used to measure bluff recession rates is presented in Appendix B. 

Both the Keillor-DeGroot and the Commission studies presented measured reces- 
sion rates at 101 locations along the county coastline. The midpoints between 
each measurement site were used to define the boundaries of coastal erosion 
analysis reaches which are shown on Map 9. Thus, recession rate data are pre- 
sented for a total of 101 analysis reaches which cover all but two areas of 
the coast. These two areas are the southernmost portion of the City of Racine 
shoreline and the northernmost shoreline--approximately 1,300 feet--of the Town 
of Caledonia. Recession rates were not measured in these areas because the por- 
tion of the City of Racine shoreline concerned is heavily protected by shore 
protection measures, and the northernmost shoreline of the Town of Caledonia 
is covered by fly ash and protected by a bulkhead. The shoreline length of 
the analysis reaches range from 220 feet to 1,160 feet and the combined length 
of the analysis reaches totals 58,150 feet, or 74 percent of the total Racine 
County shoreline length of 78,090 feet. The analysis reaches are numbered 
according to the U. S. Public Land Survey section numbers and the distance 
between the measurement site within each analysis reach and the south section 
line. For example, analysis reach 32:05 is located in Section 32 and the mea- 
surement site for that reach is located 500 feet north of the southern boundary 
of Section 32. 

Table 10 sets forth the measured recession rates for each analysis reach as 
determined by Schneider, et al., Keillor-DeGroot, and the Regional Planning 
Commission. Shoreline length and the volume of material lost for each reach are 
also presented. The recession rates are graphically illustrated in Figure 4. 
The Schneider long-term recession rates range from 0.8 feet per year to 
5.0 feet per year, with a shoreline length-weighted mean of 2.1 feet per year. 
The Schneider short-term recession rates range from 1.0 foot per year to 
9.0 feet per year, with a mean of 5.0 feet per year. The highest recession 
rates reported by Schneider were located within the City of Racine. 

The Keillor-DeGroot recession rates range from 3.1 feet per year of accretion 
to 14.2 feet per year of recession, with a length-weighted mean recession rate 

135. P.  Keillor and R. DeGroot, Recent Recession of Lake Michigan Shorelines 
in Racine County, Wisconsin, Volume 1, Text, and Volume 2, Appendix, 1978. - 
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Table 10 

Coasta l 
Erosion 

Analysis 
Reach 

Shorel ine 
Length 
( f e e t )  

BLUFF RECESSION RATES ALONG THE 
LAKE MICHIGAN SHORELINE OF RACINE COUNTY 

Annua l 
Vo l ume 

o f  B l u f f  
M a t e r i a l  

Loss ,, 
( feet31year)  

Annual Recession Rates ( f e e t / y e a r )  

Schne i d e r  
e t  a l .  

Short-Terma 
(10-15 years )  

SEWRPC 
( 1963 

t o  
1980) 

Schne i d e r  
e t  a l .  

Long-Term a 
(110 years )  

K e i l l o r a n d  
DeG root 

( 1968-1971 
t o  1975) 

SEWRPC 
(1975 

t o  
1980) 



Table 10 (continued) 

+ - Denotes accre t ion  o f  the b l u f f .  

a l t  should be noted t h a t  Schneider, e t  a l .  recession ra tes  shown exclude the p o r t i o n  o f  the C i t y  o f  Racine and 
the northernmost 1,300 f e e t  o f  the Town o f  Caledonia shorel ine,  which were not measured i n  the o t h e r  studies.  

b ~ s  estimated by K e i l l o r  and DeGroot (1978). 

Ann~la I 
Vo l ume 

o f  B l u f f  
M a t e r i a l  

Loss 
( f e e t 3 / y e a r l b  

- - 
5,800 -- 
18,200 -- 
87,400 -- 
11,900 
24,300 - - 

- - 
9,700 - - 
1,700 
10,900 
1,400 -- - - 
2,100 
4,200 - - 
6,900 - - 
40,500 
6,500 
28,800 
2,200 
9,800 -- 
46,100 - - 
34,600 
55,100 
25,100 
90,700 
12,100 
40,500 
6,100 
3,600 
1,700 - - 

25,000 
18,200 
14,200 

-- 

' ~ o t  including reaches which experience accre t ion .  

Source: SEWRPC. 

Coasta l 
Erosion 

Analysis 
Reach 

33:40 
33: 30 
33:27 
33:25 
33:20 
33: 15 
33: 10 
33:05 
33:OO 
4: 50 
11 : 45 
4:40 
4: 35 
4: 30 
4: 27 
4: 25 
4:20 
14: 15 
4: 10 
4:05 
4: 00 
9: 50 
9: 45 
28: 15 
28: 20 
28: 24 
28: 27 
28: 29 
28: 34 
29: 15 
29: 10 
29 : 05 
32:50 
32:45 
32:40 
32: 35 
32: 30 
32: 27 
32:25 
32:20 
32: 15 
32: 10 
32:05 
32:OO 

-- - 

Shore l ine 

Shore1 ine 
Length 
( f e e t )  

930 
730 
280 
380 
530 
520 
530 
530 
510 
490 
530 
540 
520 
410 
260 
360 
520 
520 
530 
530 
440 
430 
380 
460 
540 
400 
280 
410 
490 
480 
520 
720 
900 
550 
580 
540 
500 
300 
400 
560 
500 
520 
500 
250 

Length- 
Weighted Meanc 

SEWRPC 
( 1963 

t o 
1980) 

0.0 
0.4 
0.0 
1.7 
0.8 
0.8 

+ 0.2 
0.7 
0.2 
0.0 

+ 0.3 
+ 1.1 
0.0 
0.0 
0.0 

+ 0.8 
+ 0.7 
0.6 
0.0 

+ 0.3 
0.0 
0.3 

+ 0.2 
3.2 
2.9 
1.5 
1.1 
0.6 

+ 0.6 
1.5 
0.7 
1.3 
3.3 
1.6 
2.0 
2.2 
2.2 
0.4 
0.4 
0.5 

+ 0.4 
3.5 
2.7 
2.9 

1.5 

Schne i der  
e t  a l .  

Short-Terca 
(10-15 years)  

3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
9 
9 
9 
9 
9 
9 
9 
9 
9 
1 
1 
1 
1 
1 
1 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

5 

Rates ( f e e t / y e a r )  

Kei l l o r  and 
DeG root  

( 1968-1971 
t o  1975) 

+ 0.8 
0.4 

+ 2.1 
1.6 

+ 0.5 
5.6 

+ 0.8 
0.7 
1.4 

+ 0.8 
0.0 
0.6 

+ 0.4 
0.1 
1 .O 
0.1 

+ 0.1 
0.0 
0.1 
0.2 
0.0 
0.4 

+ 0.2 
2.2 
0.3 
1.8 
0.2 
0.6 

+ 0.4 
2.4 

+ 3.1 
1.2 
1.8 
1.2 
4.6 
0.7 
2.7 
0.6 
0.3 
0.1 

+ 0.4 
1.6 
0.8 
1.5 

2.5 

Annual Recession 

Schne i de r 
e t  a l .  

~ o n g - ~ e r m ~  
(110 years)  

3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
5 
5 
5 
5 
5 
5 
5 
5 
5 
2 
4 
4 
4 
4 
4 
4 
4 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 

2.1 

SEWRPC 
(1975 

t o 
1980) 

0.3 
0.2 

+ 2.7 
0.8 

+ 0.4 
5.1 
0.9 
0.7 
1 .O 
0.2 
0.0 
0.1 

+ 1.2 
0.9 
1 .O 
0.0 

+ 0.3 
0.2 

+ 0.3 
0.9 
0.0 
0.6 

+ 0.8 
3.1 
0.5 
2.2 
0.0 
1.6 

+ 0.4 
1.4 

+ 2.8 
0.6 
1.2 
1.6 
4.4 
1.2 
2.5 
0.4 
0.8 

+ 0.1 
+ 0.5 
2.2 
0.7 
1.9 

2.1 





of 2.5 feet per year. The highest recession rates measured by Keillor-DeGroot 
were for analysis reaches located in Section 6 of the Town of Caledonia, Town- 
ship 4 North, Range 23 East. Reaches with consistently low recession rates 
were located between the City of Racine and Wind Point. The Keillor-DeGroot 
study indicated that 21 analysis reaches, or 21 percent of the total, appar- 
ently exhibited accretion of the bluff over the study period. These apparent 
accretion areas may represent areas of artifical fill or may indicate errors 
in the measurements. 

The Commission recession rate measurements for the period of 1975 through 1980 
ranged from 2.8 feet per year of accretion to 10.2 feet per year of reces- 
sion, with a mean recession rate of 2.1 feet per year. For the period of 1963 
through 1980, the recession rates ranged from 2.2 feet per year of accretion 
to 10.2 feet per year of recession with a mean recession rate of 1.5 feet per 
year. Similar to the Keillor-DeGroot results, the highest recession rates 
measured by the Commission occurred in Section 6 of the Town of Caledonia, 
Township 4 North, Range 23 East. 

The Commission results are generally consistent with the Keillor-DeGroot mea- 
sured rates. The values derived in the two studies are similar throughout the 
coast, except in Township 4 North, Range 23 East, Section 6, where the Keillor- 
DeGroot rates are somewhat higher than those of the Commission. This is to be 
expected since Section 6 exhibits the most severe bluff erosion, and the high 
exposed bluffs located in that section would be the most susceptible to the 
increased wave attack generated during the high lake level period which occur- 
red during the Keillor-DeGroot study. 

A summary of measured recession rates and associated shoreline lengths and the 
volume of material loss to erosion is shown in Table 11. None of the Schneider 
recession rates were less than 0.5 foot per year; however, about 44 percent of 
shoreline as measured by Keillor-DeGroot, about 34 percent of the shoreline 
as measured by the Commission from 1975 through 1980, and about 38 percent of 
the shoreline as measured by the Commission from 1963 through 1980 had either 
accretion or recession rates equal to or less than 0.5 foot per year. On the 
other hand, about 48 percent of the shoreline as measured by Schneider on 
a short-term basis exhibited a recession rate exceeding 5.0 feet per year. 
None of the Schneider long-term rates, and only about 12 percent of the shore- 
line measured by Keillor-DeGroot, 9 percent of the shoreline measured by the 
Commission for 1975 through 1980, and 6 percent of the shoreline measured by 
the Commission for 1963 through 1980 exceeded 5.0 feet per year. It should be 
noted that according to Keillor-DeGroot, although only 12 percent of the shore- 
line exhibits a recession rate exceeding 5.0 feet per year, that 12 percent of 
the shoreline accounts for about 69 percent of the total bluff material loss 
in the County. 

These significant levels of bluff recession pose serious problems for both 
developed and undeveloped portions of the Racine County coastline. Some of the 
most severe erosion hazards in the coastal area are highlighted below: 

1. Lake Park Neighborhood--Town of Mt. Pleasant: Bluff erosion poses a - 
threat to public and private property in the Lake Park neighborhood in - - 
the Town of Mt. pleasant, including several residences; a town park and 
associated fire station; and street ends, including Larson Street, Kenil- 



Table 11 

SUMMARY OF BLUFF RECESSION RATES AND VOLUME OF MATERIAL 
LOSS ALONG THE RACINE COUNTY LAKE MICHIGAN SHORELINE 

a I t  should be noted t h a t  the Schneider, e t  a l .  recession ra tes  shown exclude the  p o r t i o n  
o f  the C i t y  o f  Racine and the northernmost 1,300 f e e t  o f  the  Town o f  Caledonia shorel ine, 
which were not  measured i n  the o the r  studies. 

b ~ s  estimated by Kei l l o r  and DeGroot (1978). 

Source: SEWRPC. 

Recess ion 
Rate , ( f e e t  per year)  

Acc r e t  ion 
0.0 - 0.50 
0.51 - 2.00 
2.01 - 5.00 
5.01 - 15.00 

Tota 1 

Recess ion 
Rate 

( f e e t p e r y e a r )  

Acc r e t  ion 
0.0 - 0.50 
0.51 - 2.00 
2.01 - 5.00 
5.01 - 15.00 

Tota l 

Shore l i ne Extent 

SEWRPC 
(1975 t o  1980) 

Schneider, e t  a I. 
Short-Term 
(10-15 years)a  

Shorel ine 
Length 
( f e e t )  

11,210 
8,320 
21,980 
11,300 
5,340 

58,150 

Shore l i ne 
Length 
( f e e t )  

- - - - 
2,580 
27,870 
27,700 

58,150 

Percent 
o f  Tota l  

19.3 
14.3 
37.8 
19.4 
9.2 

100.0 

SEWRPC 
(1963 t o  1980) 

Percent 
o f  Tota l  

- - - - 
4.5 
47.9 
47.6 

100.0 

Schneider, e t  a t .  
Long-Te r m  
(110 years)  a 

Shore1 ine 
Length 
( f e e t )  

6,550 
15,460 
20,390 
12,330 
3,420 

58,150 

Annua l Vo 1 ume 
o f  B l u f f  

Mater ia l  ~ o s s ~  

Kei l l o r  
and DeGroot 

(1968-1971 t o  1975) 

Shorel ine 
Length 
( f e e t )  

- - -- 
40,680 
17,470 -- 
58,150 

Percent 
o f  Tota l  

11.3 
26.6 
35.0 
21.2 
5.9 

100.0 

Cubic Feet 
Per Year 

- - 
72,400 
590,300 

1,384,900 
4,546,000 

6,593,600 

Shorel ine 
Length 
( f e e t )  

12,450 
12,820 
17,060 
8,720 
7,100 

58,150 

Percent 
o f  Tota l  

- - -- 
70.0 
30.0 -- 
100.0 

Percent 
o f  Tota l 

- - 
1.1 
8.9 
21.0 
69.0 

100.0 

Percent 
o f  Tota l  

21.4 
22.1 
29.3 
15.0 
12.2 

100.0 



worth Avenue, Graceland Avenue, Rosalind Avenue, Bryn Mawr Avenue, and 
Derby Avenue. The Town has had difficulty funding the improvements 
required to stabilize this area. 

2 .  City of Racine: Two reaches have been identified as particularly subject 
to shoreline erosion in the City of Racine. One is the coastal reach 
reach between William Street and Augusta Street, north of the City of 
Racine Zoo. The City has applied for U. S. Army Corps of Engineers assis- 
tance in installing shoreline protection measures along this reach. The 
second is a reach extending from 14th Street to a point south of 16th 
Street--the erosion problems here being associated with a gap in the 
harbor breakwater to the east. Erosion problems in this area are pres- 
ently under study by the City. The installation of shore protection 
structures here is contingent upon city acquisition of riparian rights 
associated with private property immediately south of 16th Street. 

3. Town of Caledonia: As previously indicated, the highest recession rates 
in Racine County in the recent past have been observed in Section 6 of 
the Town of Caledonia. The   own's shoreland area includes the Town of 
Caledonia Lake Michigan Park, the Crestview subdivision, Cliffside County 
Park, the National Guard target range, and private open space land. With 
respect to property damage, the most imminent problem is the threat posed 
by the bluff recessing to Lakeshore Drive, to associated utility lines, 
and, ultimately, to residences within the Crestview subdivision. Bluff 
recession, if not controlled, would also decrease the area of Cliff- 
side Park and erode the undeveloped open space lands to the north of 
Cliffside Park. Other significant areas of bluff recession exist; for 
instance, the road end of Five and One-Half Mile Road is severely eroded. 

The severity of the problem in the northern part of the Town of Cale- 
donia has been attributed to a variety of interrelated factors. The most 
important factors, not necessarily in the order of importance, are the 
following: 

a. high lake level; 

b. narrow beaches, which are a direct consequence of a high lake level; 

c. absence of shore protection structures, such as groins, revetments, 
and seawalls; 

d. constant, or at least repeated, attack on the toe of the bluff by 
waves, due to both narrow beaches and the general absence of protec- 
tive structures ; 

e. northwest/southeast orientation of the coast and its general concavity 
to the northeast, which makes it particularly vulnerable to the 
ravages of winter storm waves from the northeast; 

f. steep and high bluffs, which are susceptible to rapid failure by 
debris fall and debris slide when undercut by wave action at the toe; 



g. high content of fine-grain constituents (silt and clay) in the bluff 
sediments, which when wet are susceptible to failure by slump and flow 
processes; 

h. presence of coarser-grained and more permeable layers in the bluff 
sediments, through which water can move laterally and emerge at the 
bluff face in the form of seeps ; and 

i. location of the reach (especially the northern portion) just to the 
south of the Wisconsin Electric Power Company--Oak Creek power plant 
and its massive groin-like structure that interrupts the north-south 
longshore current, thereby trapping littoral material to the north 
and resulting in sediment starvation of the beach area to the south. 

SUMMARY 

This chapter presents an inventory of certain elements of the natural resource 
base relevant to coastal erosion, summarizes existing land use and zoning pat- 
terns, and sets forth information specific to coastal erosion in Racine County. 
This information is necessary for the delineation of high-risk erosion areas 
and for the development of land use regulations based on predicted future 
coastal erosion rates. 

Natural resource data on geology, soils, bluff and beach characteristics, sur- 
face water resources, groundwater resources, and climate are presented. The 
Racine County shoreline is underlain by Precambrian, Cambrian, Ordovician, and 
Silurian bedrock comprised primarily of dolomite, shale, sandstone, and crys- 
talline rock. The bedrock is covered by unconsolidated glacial deposits which 
range up to 300 feet in thickness. Glacial till--deposited by glacial ice--is 
one of the predominant materials comprising the eroding bluff faces along the 
county's Lake Michigan shoreline. 

Soil properties influence the rate of storm water runoff and the severity of 
surface erosion. About 28 percent of the coastal erosion study area is covered 
by well-drained or moderately drained soils which generate relatively small 
amounts of runoff. About 55 percent of the study area is covered by poorly 
drained soils and the remaining 17 percent of the area is covered by man- 
made features. 

Bluff heights along the shoreline range up to more than 80 feet. Over one 
half of the shoreline has bluffs ranging from 20 through 40 feet in height. 
Slightly under 10 percent of the shoreline has bluffs less than 10 feet in 
height. The most common bluff composition material is till, which is present 
in about 57 percent of the bluffs surveyed. Other common bluff materials are 
silt and clay, sand, and gravel. About 65 percent of the bluff faces were at 
least partially covered or inaccessible. 

The most common beach materials are sand and gravel, cobbles, and pebbles. 
The most extensive beaches, exceeding 75 feet in width, are comprised of 
sand. About 22 percent of the shoreline has a beach width ranging from one 
through 10 feet; about 25 percent of the shoreline has a beach width ranging 
from 11 through 30 feet; about 15 percent of the shoreline has a beach width 



ranging from 31 through 75 feet; and about 6 percent of the shoreline has 
a beach greater than 75 feet wide. About 32 percent of the shoreline has no 
defined beach. 

The Lake Michigan shoreline extends 14.8 miles in length within Racine County. 
The coastal erosion study area contains 1.6 miles of perennial streams and 
5.1 miles of intermittent streams. Bluff erosion along the Racine County coast 
contributes nearly eight times as much sediment to the Lake as is transported 
by the Root River at the City of Racine. 

Along the Racine County shoreline, groundwater generally flows towards Lake 
Michigan. Three major aquifers underlie the coastal area; the deep sandstone 
aquifer, the Niagara dolomite aquifer, and the shallow sand and gravel aquifer. 
Numerous groundwater discharges and seepages occur from the bluff slopes, con- 
tributing to the instability of these slopes. 

Climate impacts on coastal erosion include freeze-thaw actions within bluff 
material, high surface runoff from frozen soils, lake ice effects, and high 
surface runoff and soil erosion during intense storm events. Frozen ground 
and snow cover is expected throughout approximately four months each winter 
season. About 13 percent of the annual precipitation occurs as snowfall and 
sleet. Lake ice formation begins in late November or December and ice breakup 
normally occurs in late March or early April. 

The study area encompasses a total of 2,552 acres, of which about 1,429 acres, 
or 56 percent, was devoted to urban land uses in 1980. About half of the urban 
land area was in residential use. 

Zoning ordinances are important land use regulations which are presently in 
effect in the City of Racine, the Villages of North Bay and Wind Point, and 
the Town of Mt. Pleasant. The Town of Caledonia has adopted the Racine County 
zoning ordinance. About 91 percent of the coastal erosion study area has been 
placed in zoning districts which permit intensive urban development. Such dis- 
tricts cover 13.6 linear miles, or 95 percent of the total Lake Michigan shore- 
line in Racine County. 

Shoreland development and activities are regulated by federal, state, and local 
agencies and units of government. The U. S. Army, Corps of Engineers is the 
primary federal agency responsible for certain structures, dredging, and wet- 
land protection. The Wisconsin Department of Natural Resources regulates 
various shoreland activities, including shore protection structures. A county 
shoreland zoning ordinance requires county review and approval of virtually all 
man-made alterations within a specified distance from the shore. Local zoning 
ordinances regulate land uses within the shoreland area, but are generally 
devoid of provisions pertaining to Lake Michigan shoreline erosion hazards. 

A n  inventory of shore protection structures indicated that a variety of struc- 
tures, including bulkheads, revetments, breakwaters, and groins, have been 
installed along the Racine County coast to provide an artificial protective 
barrier against direct wave and ice damage, to increase the extent of the 
beach, to dissipate offshore wave energy, and to stabilize bluff slopes. How- 
ever, these costly measures, installed by both private shoreline property 
owners and by public agencies, have had varying degrees of success. An inven- 
tory of 216 shore protection structures indicated that, while most structures 



were effective and functional, nearly 75 percent of the structures exhibited 
some type of failure. About 30 percent of the structures were failing overall 
or were nonfunctional. Causes of failure include overtopping, where the water 
level, or waves exceeded the top of the structure; flanking, where the sides 
of the structure were eroded; collapsing; and faulty design and selection of 
materials. 

Bluff erosion may occur as toe erosion, slumping, sliding, flow, surface ero- 
sion, and solifluction. Slope failure is often an unpredictable, abrupt process 
which is constantly being altered by numerous factors. Factors affecting bluff 
erosion include the physical characteristics of the bluff and beach, wave 
action at the bluff toe, lake level fluctuations, ice formation, groundwater 
seepage, surface runoff, and vegetative cover. 

The most important Lake Michigan coastal erosion problem in Racine County is 
recession of the bluffs. Bluff recession threatens human safety, private resi- 
dences, commercial buildings, streets, parkland, and open natural areas. The 
rate of bluff recession has been documented in several previous studies. In 
particular, studies by Schneider, et al., and Keillor-DeGroot have presented 
detailed bluff recession rates. In order to verify and update the previously 
measured bluff recession rates, the Regional Planning Commission measured bluff 
recession rates at the specific Keillor-DeGroot measurements sites for the 
period of 1975 through 1980--which was generally after the Keillor-DeGroot 
study period--and for the period of 1963 through 1980--which included the 
Keillor-DeGroot study period. These updated bluff recession measurement results 
by the Commission were similar to, and verified, the Keillor-DeGroot results. 

During the period of 1963 through 1980, about 38 percent of the Racine County 
shoreline, as measured by the Commission, had either accretion or recession 
rates equal to or less than 0.5 foot per year. About 6 percent of the shore- 
line exceeded 5.0 feet per year in bluff recession. The highest recession 
rate measured by the Commission during the period of 1963 through 1980 was 
10.2 feet per year, which occurred in the Town of Caledonia, Township 4 North, 
Range 23 East, Section 6. The mean recession rate was 1.5 feet per year. Sig- 
nificant bluff recession problems within the Lake Park neighborhood, Town of 
Mt. Pleasant, the City of Racine, and the Town of Caledonia are described in 
this chapter. 
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Chapter I V  

EVALUATION OF COASTAL EROSION 

INTRODUCTION 

Shoreline erosion and bluff recession along Lake Michigan is a natural phe- 
nomenon which is causing substantial loss of shoreland area in portions of 
Racine County. The identification of the shoreland areas which are expected 
to continue to be affected by shoreline erosion and bluff recession is an 
important basis for any public information and public land use regulatory 
measures designed to properly relate urban development and redevelopment along 
the shoreline to anticipated shoreline erosion and bluff recession. Increased 
public awareness, land use controls, and structural erosion control measures 
comprise the essential elements of any comprehensive coastal erosion management 
program. The purpose of this chapter is to describe the extent of shoreline 
erosion and bluff recession which may be expected to occur over time along the 
Lake Michigan shoreline of Racine County, to identify erosion risk distances 
and setback distances related to these erosion risks, and to identify the 
potential property losses which may result from continued shoreline erosion 
and bluff recession. The identification of areas subject to a risk of erosion 
damage is intended to provide information which will enable public officials 
and private property owners to better assess potential erosion losses and agree 
upon the management measures recommended in Chapter V of this report. 

The first section of this chapter following the introduction describes the 
analytic procedures and criteria used for identifying and mapping the ero- 
sion risk distances and for calculating setback distances. The second section 
describes the erosion risk distances as identified under alternative time 
periods for that reach of shoreline which is not recommended to be protected 
by structural shore protection measures. The third section describes the 
erosion risk distances for that reach of shoreline which is recommended to be 
protected by structural shore protection measures. A fourth and final section 
summarizes the chapter. 

ANALYTIC PROCEDURES AND CRITERIA 

The delineation of areas with a high risk of erosion involves the prediction-- 
based on analyses of existing and historic conditions and of the pertinent 
physical characteristics of the shoreline set forth in Chapter 111--of future 
bluff recession rates under both nonstructural and structural shoreland pro- 
tection measures. The estimated future bluff recession rates were based on 
the assumption that recession will continue at the same rate as it has his- 
torically occurred. High erosion risk areas are delineated by determining the 
distance from the existing bluff edge which would be affected by recession of 
the bluff over time, and by the regrading of the bluff slope as required to 
achieve a stable slope. This distance is referred to herein as the erosion 
risk distance. The basic information used in the preparation of maps showing 
the erosion risk distances includes the Racine County cadastre file, the bluff 
recession rates developed by the Regional Planning Commission from historic 
data for the period of 1963 through 1980, and the shoreland development stan- 



dards developed by the Racine County Technical Subcommittee on Shoreland Devel- 
opment Standards. The bluff recession rates were verified by comparing pre- 
dicted erosion problem areas to observations reported under the Racine County 
Coastwatch Program. 

The distance required for regrading of the bluff to achieve a stable slope is 
included in the erosion risk distance for two reasons. First, the stable slope 
distance serves as a safety factor. It cannot be assumed that the bluff face 
will remain at its existing slope, and the potential exists for the bluff slope 
to rapidly, and sometimes catastrophically, recede to a stable slope. The 
danger of severe damages resulting from this occurrence will increase in future 
years as the bluff edge recedes closer to the house or facility. Second, the 
stable slope distance allows the property owner, at some future date, the 
opportunity to properly construct an adequate shore protection structure, which 
would include bluff slope stabilization. 

Setback distances from the existing bluff edge were identified under both 
assumed nonstructural and structural management alternatives using methods 
developed under the study to calculate desirable setback requirements. Setback 
distances are comprised of the erosion risk distance, plus a minimum facility 
setback distance. Assumptions concerning the type of management measures to 
be applied to each reach of shoreline were based on the collective judgment 
of the Technical Subcommittee on Shoreland Development Standards. The Subcom- 
mittee concluded that for the reach of the Racine County shoreline lying north 
of the southern boundary of Cliffside Park, structural control measures are 
generally not warranted, and, in most cases, only nonstructural control mea- 
sures should be implemented. Accordingly, for this reach of shoreline the non- 
structural setback distance applies, assuming only nonstructural measures would 
be implemented. For that reach of the County shoreline lying from the southern 
boundary of Cliffside Park to the southern boundary of Racine County, the Sub- 
committee concluded that structural control measures should be considered. 
Accordingly, the structural setback distance applies for the reach of shoreline 
located from the southern boundary of Cliffside Park to the southern boundary 
of the County. One shoreline area was treated as an exception to these general 
reach assumptions. Structural erosion control measures were found to be appro- 
priate for the extreme northern shoreline of the Town of Caledonia, which is 
covered by fly ash deposits and protected by a bulkhead. Hence, the structural 
setback distance applies to this shoreline area. 

Nonstructural Erosion Risk Distances and Setback Distances 

A procedure was developed for delineating the erosion risk distances from the 
bluff edge assuming the use of nonstructural erosion control measures only. 
Nonstructural erosion risk distances are comprised of a bluff recession dis- 
tance over a given time period, plus the distance required to grade the bluff 
face to a stable slope. Erosion risk distances were delineated for a 25-year 
and for a 50-year period of continued bluff recession along the entire shore- 
line within the County, with two exceptions. Those two exceptions include 
1) the shoreline within the City of Racine where major structural shore pro- 
tection measures are in place; and 2) the northern-most reach of the Town of 
Caledonia, which is covered by fly ash deposits. The bluff recession rates used 
for the delineation of erosion risk distances were calculated at 101 sites for 
the period from 1963 through 1980. The 101 sites are the same as those used by 



Keillor-DeGroot . ' The bluff recession rates so calculated were compared 
for consistency to the rates calculated for the period from 1968 through 1975 
by Keillor-DeGroot. The comparative data are provided in Chapter I11 of this 
report. During the 1963 through 1980 period, the elevation of Lake Michigan 
ranged from record lows to near record highs, thus providing a full range of 
lake level conditions. The face of the bluffs was assumed to be graded to 
a stable slope of approximately one on two and one half, or about 22'. This 
assumption concerning the bluff slope is discussed further below. 

Nonstructural setback distances are established as the sum of the nonstructural 
erosion risk distances and a minimum building or facility setback distance. 
These minimum setback distances are to be determined by local governmental 
units within their area of jurisdiction to provide a safety factor, for aes- 
thetics, to allow for installation of surface water and groundwater drainage 
systems at some future date, and to prevent the location of major facilities 
too close to the bluff edge, which would increase the shear stress on the bluff 
slope. Although, for informational purposes, the nonstructural erosion risk 
distances are mapped for almost the entire county shoreline, the nonstructural 
setback distances apply only to the county shoreline area located north of the 
southern boundary of Cliffside Park in the Town of Caledonia. The concepts 
utilized in the estimation of nonstructural erosion risk distances and atten- 
dant facility setback distances are illustrated in Figure 5. 

Structural Erosion Risk Distances and Setback Distances 

A procedure was also developed for delineating the erosion risk distances from 
the bluff edge assuming the use of structural shore protection measures. In the 
reaches assumed to be provided with structural protection measures, the rate 
of bluff recession was assumed to be zero once the structural measures were in 
place, the bluff toe protected, and the bluff slope stabilized. A structural 
erosion risk distance was defined as that distance required to form a stable 
bluff slope of one on two and one half, or about 22'. 

A structural setback distance was established as the sum of the structural ero- 
sion risk distance and a minimum facility setback distance. Again, the minimum 
facility setback distances are to be determined by the local units of govern- 
ment concerned. The structural setback distances apply to those reaches of 
shoreline located from the southern boundary of Cliffside Park to the southern 
boundary of the County, including the existing protected shoreline of the City 
of Racine, and the extreme northern shoreline of the Town of Caledonia--which 
is covered by fly ash deposits. The procedure utilized to estimate structural 
erosion risk distances and setback distances is shown in Figure 6. 

Stable Slope Angles 

The use of an ultimate stable bluff slope of one on two and one half was rec- 
ommended by the County Technical Subcommittee on Shoreland Development Stan- 
d a r d ~ . ~  This slope was similar to stable slopes along the Lake Michigan 

'J. P. Keillor and R. DeGroot, Recent Recession of Lake Michigan Shorelines in 
Racine County, Wisconsin, Volume 1, Text, and Volume 2, Appendix, 1978. 



Figure 5 
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Figure 6 

PROCEDURE U T l  LlZED TO ESTIMATE STRUCTURAL EROSION 
RlSK DISTANCE AND STRUCTURAL SETBACK DISTANCE 
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bluffs reported by Edil and Vallejo. Another report by vallejo4 and Edil 
noted that, given certain physical soil characteristics, the ultimate stable 
slope may be expected to vary in relation to the height of the groundwater 
level--measured from the base of the bluff--to the height of the bluff. For 
the Racine County shoreline, the ultimate stable slopes may be expected to 
range from a minimum of 16', if the height of the groundwater is three fourths 
or more of the height of the bluff, to a minimum of 30°, if no groundwater is 
contained within the bluff. This information could be used to develop differing 
stable slopes along the shoreline. However, this refinement in the calculation 
of stable slopes for specific reaches of the shoreline was not applied in this 
study because: 

1. Groundwater levels, and specifically seepage zones, are highly variable 
on a seasonal and annual basis. 

2. Surveys of groundwater seepage zones have been conducted at only a few 
relatively select sites along the county coast. 

3. Within the Racine County shoreline, the overall phreatic surface of 
the groundwater is beneath the bluffs. Within the bluffs, only localized 
seepage zones, or seasonally high groundwater levels exist. Thus, differ- 
ent stable slopes would exist for different portions of the same bluff. 

4 .  Groundwater conditions can change significantly as the bluff recedes and 
strata of permeable bluff materials are eroded, covered, or disturbed. 

Therefore, a stable slope angle of one on two and one-half, or approximately 
22', is used in this study for the coastal reaches evaluated. This stable slope 
angle represents the approximate average of stable slopes expected under a full 
range of groundwater conditions. 

EROSION RISK DISTANCES CONSIDERING 
NONSTRUCTURAL SHORE PROTECTION MEASURES 

The delineation of the n~nstructural erosion risk distances identifies the 
shoreland areas of Racine County that may be expected to be affected by shore- 
line erosion and bluff recession over time, where proper shore protection 
structures are not implemented. With the use of the county cadastre file and 
attendant cadastral maps, erosion risk distances can be determined for indi- 
vidual parcels of land. 

Table 12 indicates, for each coastal erosion analysis reach, the distance the 
top of the bluff may be expected to recede over a 25-year and 50-year period. 
These distances were determined by multiplying the average annual recession 
rates established for the period from 1963 through 1980 by the period of reces- 
sion being evaluated. The table also indicates the gross stable slope dis- 

3 ~ .  B. Edil and L. E. Vallejo, "Mechanics of Coastal Landslides and the Influe- 
ence of Slope ~arameters," Engineering Geology, Volume 16, 1980. pp. 83-96. 

4 ~ .  E. Vallejo and T. B. Edil, " ~ e s i ~ n  Charts for Development and Stability of 
Evolving Slopes," Journal of Civil Engineering Design, Volume 1, No. 3, 1979, 
pp. 231-252. 



Table 12 

NONSTRUCTURAL EROSION RISK DISTANCES FOR THE 
LAKE MICHIGAN SHORELINE OF RACINE COUNTY 

Caasta l  
E ros ion  
A n a l y s i s  

Reach 

6:41 
6: 39 
6: 37 
6: 35 
6: 33 
6: 31 
6:29 
6:23 
6:20 
6: 15 
6: 10 
6:05 
6:OO 
8:40 
8: 35 
8: 30 
8:27 
8,: 20 
8: 15 
8: 10 
8: 05 
8: 00 
17:50 
17:45 
17:40 
17:35 
16:27 
16:25 
16:20 
16: 15 
16: 10 
16:05 
16:OO 
21 : 50 
21:45 
21:40 
22: 30 
22:25 
22:20 
22: 15 
22: 10 
22: 05 
22: 00 
27: 50 
27:45 
27:40 
27: 35 
27: 30 
27:27 
27:25 
27:20 
27: 15 
27: 10 
27:05 
27:OO 
33:50 
33:45 
33:40 
33: 30 

Nonst ruc tura  l  
Erosion R i s k  

. 
25-Yea r 

167 
142 
307 
210 
205 
298 
320 
309 
375 
278 
340 
185 
177 
182 
130 
152 
135 
147 
126 
48 
5 5 
68 
53 
15 
2 7 
50 
110 
98 
8 2 
7 7 
120 
50 
3 3 
7 8 
15 
10 
55 
20 
26 
47 
42 
2 7 
37 
3 8 
42 
45 
77 
25 
25 
3 8 
32 
37 
7 5 
2 2 
6 5 
10 
55 
20 
20 

D i s t a n c e d  
( f e e t )  

50-Yea r 

280 
192 
450 
280 
295 
485 
500 
519 
630 
485 
585 
295 
257 
285 
200 
217 
180 
200 
173 
68 
70 
8 5 
60 
15 
40 
6 0 
165 
145 
115 
102 
197 
90 
48 
105 
3 0 
2 0 
6 5 
20 
43 
5 7 
65 
32 
64 
5 5 
6 5 
6 5 
130 
2 5 
3 0 
5 5 
35 
3 7 
102 
2 2 
110 
10 
70 
20 
3 0 

Est imated B l u f f  
Recession 

B l u f f  
He igh t  
( f e e t  ) 

60 
72 
80 
80 
7 0 
80 
100 
82 
80 
7 2 
68 
66 
62 
60 
60 
62 
66 
66 
54 
46 
40 
40 
40 
3 8 
30 
40 
38 
3 8 
38 
34 
3 2 
20 
20 
3 4 
12 
2 0 
30 
3 2 
3 2 
28 
24 
20 
14 
8 
8 
10 
10 
10 
16 
18 
24 
2 6 
30 
24 
22 
20 
28 
20 
20 

Di  
( f e e t )  . 

25-Yea r 

112 
5 0 
142 
70 
90 
188 
180 
210 
255 
208 
245 
110 
80 
102 
70 
6 5 
45 
52 
48 
20 
15 
18 
8 
0 
12 
10 
5 5 
48 
3 2 
25 
7 8 
4 0 
15 
28 
15 
10 
10 
0 
18 
10 
22 
5 

28 
18 
2 2 
20 
52 
0 
5 
18 
2 
0 
28 
0 

45 
0 
15 
0 
10 

stancea 

50-Yea r 

225 
100 
285 
140 
180 
375 
360 
420 
510 
41 5 
490 
220 
160 
205 
140 
130 
90 
105 
95 
40 
3 0 
35 
15 
0 
25 
20 
110 
95 
65 
5 0 
155 
80 
3 0 
55 
30 
2 0 
20 
0 
35 
20 
45 
10 
55 
35 
45 
40 
105 
0 
10 
35 
5 
0 
55 
0 
90 
0 
30 
0 

20 

Cross 
Hor i zon ta  l  

S t a b l e  
Slope 

~ i s t a n c e ~  
( f e e t )  

150 
180 
200 
200 
175 
200 
250 
205 
200 
180 
170 
165 
155 
150 
150 
155 
140 
165 
135 
115 
100 
100 
100 
95 
7 5 
100 
95 
95 
95 
85 
80 
50 
50 
8 5 
3 0 
50 
75 
80 
80 
70 
60 
50 
3 5 
20 
20 
25 
25 
25 
40 
45 
60 
6 5 
75 
60 
5 5 
50 
70 
50 
50 

E x i s t i n g  
Hor i zon ta  l  

Slope 
D is tance  

( f e e t )  

9 5 
88 
3 5 
60 
60 
90 
110 
106 
80 
110 
7 5 
90 
58 
70 
90 
68 
50 
70 
57 
8 7 
60 
50 
55 
80 
60 
60 
40 
45 
45 
3 3 
3 8 
40 
3 2 
35 
3 0 
60 
3 0 
60 
72 - 3 3 
40 
28 
26 
0 
0 
0 
0 
0 
20 
25 
30 
28 
28 
3 8 
3 5 
40 
3 0 
30 
40 

N e t  
Hor i zon ta  l  

S t a b l e  
S l  ope 

D is tanceC 
( f e e t )  

55 
92 
165 
140 
115 
110 
140 
99 
120 
70 
95 
75 
97 
80 
60 
8 7 
90 
9 5 
78 
28 
40 
50 
45 
15 
15 
40 
5 5 
50 
5 0 
52 
42 
10 
18 
50 
0 
0 
45 
20 
8 
3 7 
20 
22 
9 
20 
20 
2 5 
25 
25 
20 
20 
3 0 
37 
4 7 
22 
20 
10 
40 
20 
10 



Table 12 (continued) 

'Ca l cu la ted  by mu1 t i p l y i n g  the annual recession ra tes  measured by the Regional Planning Commission f o r  the pe r i od  
o f  1963 through 1980 by e i t h e r  25 years o r  50 years. 

bca l cu la ted  by d i v i d i n g  the b l u f f  he ight  by a  f a c t o r  o f  0.4. 

Coasta l 
Erosion 
Analysis 

Reach 

33:27 
33:25 
33:20 
33: 15 
33: 10 
33:05 
33 : 00 

11 : 50 
11 : 115 
1, : 40 
4: 35 
4: 30 
4: 27 
4:25: 
4: 20 
4:15e 
4:10e 
4:05 
4:00 
9 :50e  
9 :45e  

28: 15 
28: 20 
28:24 
28:27 
28:29 
28: 34 
29:15 
29: 10 
29:05 
32:50 
32:45 
32:40 
32: 35 
32: 30 
3?:27 
32:25 
32:20 
32: 15 
32: 10 
32: 05 
32: 00 

CThe Net Hor izonta l  Stable Slope Distance represents the add i t i ona l  hor izonta l d istance requi  red f o r  the  b l u f f  
t o  a t t a i n  a  s tab le  slope angle. I t  i s  ca lcu la ted by subt rac t ing  the Ex i s t i ng  Hor izontal  Slope Distance from the 
Gross Hor izonta l  Stable Slope Distance. 

d ~ h e  Nonstructural  Erosion Risk Distance i s  ca lcu la ted by the fo l l ow ing  formula: 

Gross 
Hor izontal  

Stable 
Slope 

C)istanceb 
( f e e t )  

70 
75 
70 
75 
7 5 
80 
8 5 
8 5 
9 5 
7 5 
95 

105 
105 -- -- -- - - -- - - -- - - 
100 
100 
100 
100 
100 
100 
100 
100 
100 
8 5 
95 
8 5 
80 
75 
8 5 
7 5 
7 5 
7 5 
7 5 
9 5 
95 

Nonstructural  Erosion Risk Distance = Net Stable Slope Distance + N-Year B l u f f  Recession Distance 

e ~ l o p e s  have been s t a b i l i z e d  by engineering measures. 

B l u f f  
Height 
( f e e t  ) 

28 
30 
28 
3 0 
3 0 
3 2 
3 4 
3 4 
3 8 
3 0 
3 8 
42 
42 
40 
3 8 
3 8 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
4 0 
40 
3 4 
3 8 
3 4 
32 
3 0 
3 4 
3 0 
3 0 
3 0 
3 0 
3 8 
3 8 

Estimated B l u f f  
Recession 
Di stance8 

Source: SEWRPC. 

Ex is t i ng  
Hor izontal  

S  I ope 
Distance 

( f e e t )  

45 
3 8 
58 
28 
40 
37 
28 
3 0 
3 0 
60 
60 
6 1 
50 - - - - -- - - - - -- -- - - 
35 
5 5 
3 0 
3 8 
3 8 
60 
25 
27 
5 5 
40 
45 
4 3 
4 5 
40 
4 0 
35 
35 
2 5 
35 
40 
45 

( f e e t )  

25-Yea r 

0 
42 
20 
20 

0 
18 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

80 
72 
3 8 
28 
15 
0 

3 8 
18 
3 2 
82 
40 
50 
5 5 
5 5 
10 
10 
12 
0 

88 
68 
72 

Net 
Hor izonta l  

Stable 
Slope 

~i stanceC 
( f e e t )  

25 
3 7 
12 
47 
3 5 
43 
5 7 
5 5 
6 5 
15 
35 
44 
55 - - - - - - -- - - -- - - - - 
65 
45 
70 
62 
62 
40 
7 5 
73 
45 
45 
50 
42 
35 
35 
4 5 
40 
40 
50 
40 
55 
50 

Nonst ruc tura  l 
Erosion R isk  

~ i s t a n c e d  

50-Yea r 

0 
85 
40 
40 

0 
3 5 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

160 
145 
7 5 
5 5 
3 0 
0 

7 5 
35 
6 5 

165 
80 

100 
110 
110 
20 
20 
25 

0 
175 
135 
145 

25-Yea r 

25 
79 
3 2 
67 
35 
6 1 
62 
5 5 
6 5 
15 
35 
44 
55 

0 
0 
0 
0 
0 
0 
0 
0 

145 
117 
108 
90 
77 
40 

113 
9 1 
7 7 

127 
90 
92 
90 
90 
5 5 
50 
52 
50 

128 
123 
122 

( f e e t )  

50-Yea r 

2 5 
122 
52 
8 7 
35 
78 
6 7 
5 5 
6 5 
15 
35 
44 
55 

0 
0 
0 
0 
0 
0 
0 
0 

225 
190 
145 
117 
92 
40 

150 
108 
110 
2 10 
130 
142 
145 
145 
6 5 
60 
6 5 
50 

215 
190 
195 



tances, or the horizontal distances required to obtain a stable slope for the 
specified bluff heights, assuming a slope of one on two and one-half. Since 
most bluff slopes are not vertical, the existing horizontal distance of the 
bluff slope was subtracted from the gross horizontal stable slope distance to 
estimate the net stable slope distance--or the additional horizontal distance 
the top of the bluff would need to recede, or be regraded, to form a stable 
slope. In Table 12, the bluff recession distance--determined from historic 
measured rates of recession--and the net stable slope distance are added to 
establish the nonstructural erosion risk distance for a 25-year and 50-year 
period of time . 
Areas within the nonstructural erosion risk distances from the existing bluff 
edge are shown on 1 inch = 400 feet scale topographic maps in Appendix E con- 
tained in the back of this report. The maps show the 25-year and 50-year ero- 
sion risk distances for the entire county shoreline except for the City of 
Racine shoreline where major structural shore protection measures are in place, 
and for the northern-most shoreline reach of the Town of Caledonia, which is 
covered by fly ash deposits and protected by a bulkhead. Thus, nonstructural 
erosion risk distances are also shown for the shoreline from the southern 
boundary of Cliffside Park to the southern boundary of the County for informa- 
tional purposes, even though the structural setback distance would apply to 
this reach. The nonstructural erosion risk distances indicate the future bluff 
edge location if shore protection structures are not implemented. Real property 
boundaries, as described in the county cadastre file, are also shown on the 
maps. Finally, the coastal erosion analysis reaches are shown on the maps so 
that the user may determine the bluff recession rate used at any site, as well 
as the assumed bluff height. 

The land area and number of existing facilities contained within the 25-year 
and 50-year nonstructural erosion risk distances as delineated in Appendix E 
are set forth in Table 13. The 25-year nonstructural erosion risk distance 
contains approximately 141 acres of land, or about 6 percent of the coastal 
erosion study area. One hundred and three buildings or facilities lie, in whole 

Table 13 

EXTENT AND ECONOMIC VALUE OF LAND AREA AND FACILITIES 
LYING WITHIN THE 25-YEAR AND 50-YEAR NONS'TRUCTURAL 

EROSION RISK DISTANCES FROM THE LAKE MICHIGAN 
SHORELINE OF RACINE COUNTY: 1980 a 

a ~ p p l  i e s  t o  t h e  e n t i r e  county shorel  ine  except f o r  t h e  p r o t e c t e d  shorel  ine  i n  t h e  C i t y  o f  Racine, and t h e  f l y  ash- 
covered reach i n  t h e  Town o f  Ca ledonia .  

b ~ c o n o m i c  va lues a r e  i n  1981 d o l l a r s .  

Tota I  
Economic 

~a l  ueb 
( m i l  I  ion 
do1 l a r s )  

Nonstructura  l  
Eros ion R i s k  

Distance 
Per iod 

Source: SEWRPC. 

Land F a c i l i t i e s  
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( a c r e s )  
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Coasta l  
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~ a l u e b  

( m i l  l  ion 
do1 t a r s )  

Economic 
Va l u e b  

( m i l  l  ion 
d o l l a r s )  

Percent 
o f  T o t a l  
Economic 
Value  

Percent 
o f T o t a l  
Economic 
Value  Number 



or in part, within the 25-year risk distance. About 199 acres of land, or about 
8 percent of the study area, and 143 facilities lie, in whole or in part, 
within the 50-year erosion risk distance. 

The potential economic losses resulting from continued bluff recession may be 
estimated by determining the market value of the land and facilities located 
within the nonstructural erosion risk area. The potential value of land and 
facilities which are expected to be lost due to bluff recession and to the 
formation of a stable bluff slope was based upon the values presented in the 
Racine County statistical report of property valuations for 1981.' It was 
assumed that the value of each land parcel or facility is equal to the average 
market value of similar land or facilities within each civil division. 

These potential land values were then applied to the acreage that may be 
expected to be lost to shoreline erosion in the form of bluff recession and 
slope stabilization. The classification of a land parcel as developed or 
undeveloped is based on planned year 2000 land use patterns in the study area. 
The value of the facilities and related improvements affected by shoreline 
erosion was determined by applying the average market value of facilities 
within each civil division to the number of facilities located within the 
25-year and 50-year nonstructural erosion risk distances. 

The approximate value of the land and facilities contained within the 25-year 
and 50-year nonstructural erosion risk distances are also set forth in 
Table 13. These values apply to the entire county shoreline, except for the 
protected shoreline of the City of Racine, and the fly ash-covered reach in 
the Town of Caledonia. Within the 25-year erosion risk distance, the total 
economic value of land and facilities is approximately $9.3 million, of which 
about $2.9 million, or 31 percent represents the value of the land, and about 
$6.4 million, or 69 percent, represents the value of the facilities or improve- 
ments. The 50-year erosion risk distance has an approximate land and facility 
economic value of about $12.9 million, of which $4.0 million, or 31 percent, 
represents the land value and about $8.9 million, or 69 percent, the facility 
value. The economic values presented above do not include the value of public 
utilities and improvements such as streets and sewers. 

EROSION RISK DISTANCES CONSIDERING 
STRUCTURAL SHORE PROTECTION MEASURES 

The erosion risk distance for those shoreline reaches currently protected 
by adequate shore protection structures, and for those reaches within which 
the provision of new shore protection structures is recommended to be consid- 
ered, was defined as the distance from the existing bluff edge needed to 
establish a stable slope. The structural erosion risk distances are used to 
calculate structural setback distances, which apply to the county shoreline 
located south of the southern boundary of Cliffside Park, and also the north- 
ernmost reach of shoreline in the Town of Caledonia, which is covered by fly 
ash deposits and protected by a bulkhead. 



The maintenance of existing development within the nonstructural erosion risk 
distances may require the provision of structural shore protection measures, 
or facility relocation to prevent or delay the potential loss of such devel- 
opment to bluff recession. Studies have indicated that the majority of struc- 
tural shore protection measures installed to prevent Lake Michigan erosion 
have been at least partially unsuccessful6 (see Appendix A). Structural mea- 
sures that are known to be effective require a substantial capital investment 
and entail a substantial maintenance cost. Proper consideration of structural 
alternatives and relocation requires detailed, site-specific, evaluations of 
the physical characteristics of the bluff and beach, the causes of erosion, 
the intended use of the shoreline, the degree of hazard posed by erosion, the 
existing investment or value of the property, and the resources which can be 
committed to the undertaking. In addition, the selection of structural protec- 
tion measures must consider the initial cost of the structure, the availability 
of needed materials and expertise, and the frequency, cost, and convenience of 
maintenance. A description of different types of structural shore protection 
measures was provided in Chapter 111. Appendix A presents an inventory of 
existing shore protection structures located along the Lake Michigan shoreline 
of Racine County. 

The Racine County Technical Subcommittee on Shoreland Development Standards 
concluded that effective shore protection requires a combination of bluff 
stabilization, surface water and subsurface water control, and bluff toe pro- 
tection. The Subcommittee concluded that a building within a high-risk area 
should be considered for relocation if the building can be moved by conven- 
tional methods at a cost equal to, or less than, 30 percent of the value of 
an equivalent building located on secure ground.' 

The Subcommittee recommended that structural shore protection measures should 
be provided if it can be shown that such measures will effectively reduce 
shoreline erosion and not adversely affect adjacent sections of the shoreline 
or impair public rights in navigable waters; that there will be no significant 
reduction in public access, use, and enjoyment of the shoreline environment; 
and that any adverse impacts on fish and wildlife resources caused by the 
structure will be compensated for by providing fish and wildlife preservation 
measures. It was recommended that, south of Cliffside Park, such shore protec- 
tion structures should be required to protect new facilities within the 50-year 
nonstructural erosion risk distance which are not readily relocatable. The Sub- 
committee recommended that all shore protection structures should meet a set 
of minimum criteria and be based on sound engineering design. The criteria 
recommended by the Subcommittee are presented in Table 14. 

The maps contained in Appendix E show the reaches of shoreline which, based on 
a field survey conducted by the Regional Planning Commission staff in October 
1982, were observed to be adequately protected by shore protection structures 
based upon the degree of bluff toe protection provided. The long-term stability 

'~acine County Technical Subcommittee on Shoreland Development Standards, 
Recommendations of the Racine County Technical Subcommittee Shoreland Develop- 
m l ,  1982. 



Table 14 

MINIMUM CRITERIA FOR SHORE PROTECTION 
STRUC-TURES ADAPTED FROM CRITERIA RECOMMENDED 
BY THE RACINE COUNTY TECHNICAL SUBCOMMITTEE 

ON SHORELAND DEVELOPMENT STANDARDSa 

Category 1 C r i t e r i a  Required t o  be Met 1 
Support 
lnformat.ion 

- - 

1. Determine lake bottom p r o f  i les o f fshore  o f  proposed 
s t ruc tu re  and 300 f e e t  on both sides o f  the  st ructure,  from 
the s t ruc tu re  out  t o  a  water depth o f  a t  leas t  12 f e e t  

2. I d e n t i f y  e x i s t i n g  and planned sep t i c  tank systems on the  
proper ty  t o  be protected and on adjacent propert ies,  and 
consider the impact o f  the systems on b l u f f  s t a b i l i t y  

3. Consider design wave height,  wave d i rec t i on ,  and the 
eros ive  impacts o f  wave a c t  ion on the proposed s t ruc tu re  

St ruc tura  l 
Des i gn 

1. Size the s t ruc tu re  f o r  design waves expected f o r  a  50-year 
recurrence i n te rva l  h igh  lake level ,  o r  583.6 f e e t  above 
the National Geodetic V e r t i c a l  Datum 

2. Provide measures t o  p ro tec t  the  base o f  the  s t ruc tu re  
aga i n s t  wave scouring 

3. Design loose rubble revetment s t ruc tures  w i t h  a  slope no 
greater  than one v e r t  ica l on two ho r i zon ta l  

4. Avoid s t r u c t u r a l  damage o r  erosion on the landward s ide 
o f  the s t ruc tu re  by prevent ing the overtopping o f  the s t ruc-  
t u r e  by storm waves, o r  by prov id ing  f o r  the  p o s i t i v e  dra in -  
age o f  any water which overtops the s t ruc tu re  

5. Provide measures t o  prevent excessive eros ion  along the 
f l anks  o f  the s t ruc tu re  

6. Provide adequate bedding materia l s  t o  prevent undercut t ing 
o f  the s t ruc tu re  

B l u f f  
Stabi  l i z a t i o n  

1. Regrade the b l u f f  t o  a  one on two and one h a l f  slope; unless 
de ta i l ed  s i t e - s p e c i f i c  engineering analyses ind ica te  t h a t  
a  d i f f e r e n t  slope would be s tab le  

2. I f  the groundwater level  i s  occas iona l ly  h igher than the  
lake level  and threatens b l u f f  s t a b i l i t y ,  provide subsur- 
face drainage f a c i l i t i e s  t o  in te rcept  the groundwater, i f  
necessa r y  

3. I f  necessary, provide f o r  i n te rcep t i on  drainage o f  sur face 
water runo f f  t o  prevent surface erosion and sa tu ra t i on  o f  
the s o i l s  i n  the b l u f f  

4. Provide adequate vegeta t ive  cover o f  the  b l u f f  slope a f t e r  
reg rad i ng 

a ~ e e  Rac i ne County Techn ica l Subcommittee on Shore land Deve l opment Standa rds, Recom- 
mendations o f  the  Racine County Technical Subcommittee on Shoreland ~ e v e l o p m e n t  

Standards f o r  the  Racine County Land Use Committee, 1982. 

Source: SEWRPC. 

of the  bluff  slope and the  adequacy of surface and subsurface drainage were 
generally not surveyed. In  addit ion,  the  effectiveness of shore protection 
s t ruc tures  can be maintained only i f  proper s t ruc ture  repair  and maintenance 
is  conducted. About 38,600 f ee t  of county shoreline,  o r  about 49 percent of 
t h e  t o t a l  county shoreline,  were observed t o  have adequate s t ruc tu ra l  bluff  
t o e  protection.  Based on t h i s  survey, those shoreline reaches which a re  most 
l i ke ly  t o  benefit  from ce r t a in  types of shore protection measures can be iden- 
t i f i e d .  Map 10 iden t i f i e s  those portions of t he  Racine County shoreline 
developed for  intensive urban uses and located south of the  southern boundary 
of C l i f f s ide  Park which a r e  most l i ke ly  t o  benef i t  from ce r t a in  types of 
s t ruc tu ra l  shore protection measures. As shown on the  map, and quantif ied i n  





Table 15, about 2.1 miles of the shoreline, or about 14 percent of the total 
County shoreline, are most likely to require surface water drainage improve- 
ments, based on the distribution of poorly and very poorly drained soils in 
the study area. About 5.7 miles of shoreline, or about 38 percent of the County 
total, are most likely to require subsurface drainage improvements. Soils in 
these areas are better drained, resulting in greater water infiltration and 
potentially more groundwater seepage. Those shoreline areas, totaling about 
1.5 miles, or about 10 percent of the county total, which are developed for 
intensive urban uses and are currently exhibiting a bluff recession rate in 
excess of one foot per year and were not observed to have adequate bluff toe 
protection in 1982, would most likely benefit from the provision of properly 
designed and constructed shore protection structures such as groins and revet- 
ments. Map 10 also shows which shoreline areas developed for intensive urban 
uses and located south of Cliffside Park would require regrading for a distance 
of 50 feet or more from the top of the bluff in order to achieve a stable 
slope. These shoreline areas total about 1.3 miles, or about 9 percent of the 
county total. It should be recognized that the specific structural protection 
measures required at any particular site can be determined only on the basis 
of detailed engineering analyses. Such structural measures should only be 
employed following a careful evaluation of the economic costs and benefits of 
nonstructural measures, building relocation, and structural alternatives. The 
decision to invest in a shore protection structure is influenced by a number 
of variables, including property values, intended development, and degree 
of erosion. 

Protective structures could be installed to substantially reduce land and 
facility losses resulting from erosion in many reaches of the Lake Michigan 
shoreline of Racine County. Shore protection structures may be expected to 

Table 15 

RACINE COUNTY DEVELOPED SHORELINE EXTENT 
MOST LIKELY TO BENEFIT FROM SELECTED 

STRUCTURAL SHORE PROTECTION MEASURES 

........ Surface Water Dra i nage. 
Subsurface Water Drainage ...... 
Revetment, Groin, o r  ........ Other Major S t ruc ture  
B l u f f  Slope Regrading 

of >50 feet  ................. 

St ructura l Shore 
Protect  ion  Measure 

a ~ o n s i s t s  o f  those developed shore l ine  areas covered by poo r l y  dra ined o r  very  poo r l y  
dra ined s o i l s .  

b ~ o n s i  s t s  o f  those developed shorel ine areas covered by moderate t o  we1 l -dra ined 
s o i l s .  B l u f f s  i n  these areas are more l i k e l y  t o  conta in  groundwater seepage zones. 

Shore1 ine Length 
(mi l es )  

C ~ o n s i s t s  o f  those developed shorel ine areas which exhi b i t  an e x i s t i n g  b l u f f  reces- 
s ion  r a t e  o f  more than one f o o t  per  year and which were no t  observed t o  have 
adequate b l u f f  toe p ro tec t i on  i n  October 1982. 

Percent o f  Tota l  
County Shore I i ne 

d ~ o n s i s t s  o f  those developed shorel ine areas w i t h  a ne t  s tab le  slope d is tance o f  more 
than 50 fee t .  

Source: SEWRPC. 



have a capital cost, in 1982 dollars, ranging from $100 per foot of shoreline 
for temporary protection structures, to more than $300 per foot of shoreline 
for protection structures with a life expectancy of 25 years or more, and an 
annual maintenance cost ranging from $2 to $30 per foot of shoreline.' 

The capital cost of new shore protection structures with a life expectancy 
of 25 years, if installed at all developed locations south of Cliffside Park 
with an existing bluff recession rate exceeding one foot per year, and pres- 
ently unprotected as shown on Map 10, is estimated to be $2.4 million, with 
an annual maintenance cost of up to $240,000. During a 50-year period, those 
structures would be replaced once on the average, resulting in a doubling of 
the capital cost to $4.8 million. The 50-year present worth of these shore 
protection structures, including capital cost and annual operation and main- 
tenance cost, and assuming an interest rate of 10 percent, is approximately 
$5.0 million. These costs represent high estimates of the total cost of struc- 
tural shore protection because the upper range of known unit costs was used 
in the calculations. 

The costs for shore protection structures can be compared to the value of 
potential property losses expected for that portion of the county shoreline 
recommended for structural shore protection if those recommended structural 
controls are not implemented. Failure to implement structural shore protec- 
tion measures where recommended would result in an estimated property loss of 
approximately $12.7 million over a 50-year period. Hence, based on this gen- 
eralized comparative analysis, the implementation of shore protection struc- 
tures, where recommended, would be less costly than the value of property lost 
to shore erosion over a 50-year period if such structures are not implemented. 

However, for that portion of the county shoreline lying north of the southern 
boundary of Cliffside Park, where shore protection structures were not recom- 
mended, such shore protection structures are not cost-effective on a general 
basis. During a 50-year period, the value of land expected to be lost to bluff 
recession and stable slope formation is approximately $200,000. No facilities 
lying north of the southern boundary of Cliffside Park would be affected by 
bluff recession during a 50-year period. Implementation of shore protection 
structures within this reach, however, would involve a total capital cost of 
about $2.6 million, an average annual maintenance cost of up to $260,000, and 
a 50-year present worth of about $5.4 million. Hence, shore protection struc- 
tures are generally not warranted for this reach of shoreline. 

SUMMARY 

The identification of the shoreland areas which may be expected to continue to 
be affected by shoreline erosion and bluff recession enables public officials 
and private property owners to better assess potential erosion losses and 
evaluate alternative erosion management measures. Erosion risk distances and 
facility setback distances from the existing bluff edge were identified for 
each of 101 coastal analysis shoreline reaches. The erosion risk distances 
and facility setback distances were developed under assumed nonstructural and 

's.  N. Hanson, et al., Great Lakes Shore Erosion Protection, Structural Design 
Examples, Owen, Ayres & Associates, Wisconsin Coastal Management Program, 
August 1978. 



structural management alternatives. The erosion risk distance is the distance 
from the existing bluff edge which would be affected by recession of the bluff 
over time, and by the regrading of the bluff slope as required to achieve 
a stable slope of 22'. The facility setback distance is comprised of the ero- 
sion risk distance plus a minimum facility setback distance. This minimum dis- 
tance is to be determined by the local units of government. 

Nonstructural erosion risk distances were presented for the entire County 
shoreline, with two exceptions. These exceptions are: 1) the City of Racine 
shoreline which is currently protected by shore protection structures, and 
2) the northern-most reach in the Town of Caledonia, which is covered by fly 
ash deposits and protected by a bulkhead. The nonstructural setback distance 
applies to the reach of the Racine County shoreline lying from the southern 
boundary of Cliffside Park to the northern boundary of the County, except for 
the fly ash covered reach in the Town of Caledonia. The structural setback 
distance applies to the county shoreline extending from the southern boundary 
of Cliffside Park to the southern boundary of the County, as well as to the 
fly ash-covered reach in the northern portion of the Town of Caledonia. 

Nonstructural erosion risk distances are shown in Appendix E at the end of this 
report, for a 25-year and 50-year period. Real property boundaries, as delin- 
eated in the county cadastre file, are also shown on the maps. The area con- 
tained within the 25-year nonstructural erosion risk distance from the existing 
bluff edge includes about 141 acres of land, or about 6 percent of the study 
area, and 103 buildings or facilities. About 199 acres of land, or about 8 per- 
cent of the study area, and 143 facilities lie within the 50-year nonstructural 
erosion risk distance. Most of the facilities lying within the nonstructural 
erosion risk distances are located between the southern boundary of Cliffside 
Park and the southern boundary of the County. The Racine County Technical Sub- 
committee on Shoreland Development Standards recommended that the shoreline 
from the southern boundary of Cliffside Park to the southern county boundary 
be protected by shore protection structures, wherever feasible. Hence, the 
structural setback distance applies to the shoreline reach south of Cliff- 
side Park. 

The economic value of the land and facilities located within the 25-year non- 
structural erosion risk distance is approximately $9.3 million. The economic 
value of the land and facilities located within the 50-year erosion risk dis- 
tance is about $12.9 million. These economic values doe not include the value 
of public utilities and improvements such as streets and sewers. 

Effective shore protection requires a combination of bluff stabilization, sur- 
face water and subsurface water control, and bluff toe protection. Specific 
structural protection measures required at any particular site can be deter- 
mined only on the basis of detailed engineering analyses and the consideration 
of a number of variables, including property values, the intended development, 
and the degree of erosion expected. The installation of new shore protection 
structures with a life expectancy of 25 years at all developed shoreline 
reaches having an existing bluff recession rate exceeding one foot per year, 
located south of Cliffside Park to the southern boundary of the County, and 
which were not observed to have adequate bluff toe protection would entail 
a capital cost of about $2.4 million, and an annual maintenance cost of up to 
$240,000, and a 50-year present worth of about $4.8 million. 



Chapter V 

RECOMMENDATIONS AND CONCLUSIONS 

INTRODUCTION 

The primary purpose of this Racine County coastal erosion management study is 
to identify erosion risk distances and develop facility setback distances from 
the existing bluff of the Lake Michigan shoreline of Racine County, and to 
develop public informational and regulatory measures designed to guide urban 
development and redevelopment in proper relation to these erosion risk delin- 
eations. The location and extent of the erosion risk distances as delineated 
in Chapter IV of this report provide the primary basis for the formulation of 
these public informational and regulatory measures. The delineation of the 
erosion risk distances prepared under this study, coupled with the findings 
and recommendations of companion coastal zone studies and the County Coastwatch 
Program, make it possible to implement new nonstructural erosion control mea- 
sures, as well as to refine the need for further structural shore protection 
measures, in order to reduce shoreline erosion damages. 

The first section of this chapter suggests important public informational and 
educational uses of the findings and recommendations of this study. The second 
section sets forth required changes in the county shoreland zoning ordinance 
to implement certain recommendations of this study, changes which could also 
be incorporated into local municipal ordinances as may be required. The third 
section describes a proposed procedure for modifying the extent of the erosion 
risk and setback distances. The fourth section describes a proposed procedure 
for periodically updating the delineation of the erosion risk and setback dis- 
tances. The fifth and final section summarizes the chapter. 

PUBLIC INVOLVEMENT IN COASTAL EROSION MANAGEMENT 

Public involvement in the management of the Lake Michigan shoreland area of 
Racine County is essential to obtain the political support required for the 
success of that management effort. Such involvement requires that pertinent 
information concerning the problems and opportunities existing in the shore- 
land area be made available to interested and concerned citizens. The findings 
and recommendations of this study provide a valuable reference which can help 
to inform the general public and key interest groups about the distance from 
the existing bluff edge which is subject to a risk of erosion along the Lake 
Michigan shoreline, and of actions that can help to reduce that risk. 

Placing findings and recommendations, such as those set forth in this report, 
before the public allows affected parties to act more judiciously and respon- 
sibly of their own accord with respect to development and redevelopment of the 
shoreland area--thereby relieving the burden of regulation and enforcement to 
some extent. The findings and recommendations set forth in this report can 

?l serve as a fair warning" guide for, and a valuable service to, groups such as 
realtor-brokers, shoreline property owners, developers, lending institutions, 



and prospective buyers. It is crucial that groups such as these be fully cog- 
nizant of the potential problems and hazards associated with coastal shore- 
line development. 

With the information made available particularly through the mapping element 
of this study, all of the directly impacted groups will have ready access to 
information helpful in addressing issues such as: the appropriate use of shore- 
land areas within the erosion risk distances; the need for special setbacks for 
buildings, special development techniques, or structural shore protective mea- 
sures in certain areas; and the attainment of a better understanding by groups 
involved in real estate transactions of the threat of shoreline erosion to the 
real property being transferred. Public information and understanding also 
affords individuals a better opportunity to choose from an educated standpoint 
actions or measures which are more protective, more safe, or more compatible 
with the existing land uses and resource features than the minimum requirements 
which may be dictated by public regulations. 

The projections made herein of erosion and bluff recession may be regarded by 
some as a potential threat to real property values, such values being related 
to existing and potential uses of the shoreland areas contained within the 
erosion risk distances. It is not the study findings, however, which create 
a threat in this respect, but rather the forces in the natural environment 
which conflict with certain existing and intended uses of the land. To openly 
and extensively communicate the risk entailed to the general public would be 
a responsible course of act ion by the public agencies concerned. 

RECOMMENDED ORDl NANCE AMENDMENTS 

Racine County currently has a shoreland zoning ordinance which regulates the 
locat ion of facilities , and certain land uses and land management practices, 
within a specified distance to the Lake Michigan shoreline. These regulations 
can be made more effective by including provisions directly related to the 
erosion hazards which threaten specific reaches of the shoreline. The use of 
zoning ordinances to reduce the physical and economic impacts of bluff erosion 
constitutes one viable tool for protecting new development and redevelopment 
along the affected shoreline area. 

Regulations can be developed which protect proposed development from excessive 
shoreline erosion and bluff recession by identifying the distance from the 
existing bluff edge which is subject to a risk of erosion, and by specifying 
a setback distance which restricts or prohibits the location of buildings and 
other land uses which are vulnerable to damages or destruction from erosion. 
These regulations can be readily incorporated into the existing county zoning 
ordinance, which regulates the use of land, the area and dimensions of lots, 
and the location of structures on such lots. Zoning can also control grading, 
filling, vegetation removal, and certain other land management practices. To 
be constitutionally valid, however, regulation of the land use within the set- 
back distances must serve valid public objectives, have a reasonable basis for 
the classification of uses subject to the regulations, leave the property owner 
with some reasonable use of his property, and provide sufficient standards to 
prevent arbitrary decision-making. 



Recommended amendments to the Racine County shoreland zoning ordinance which, 
in the public interest, would regulate land uses, activities, and facility 
locations within the specified setback distances are set forth in Appendix D. 
The amendments include provisions defining pertinent terms, designating the 
lands to be regulated, specifying the necessary regulation of land use and 
facility location, specifying the regulation of certain land disturbance 
activities, and describing procedures for modifying the location and extent 
of the designated setback distances. Such provisions, with appropriate adapta- 
tion, may also be incorporated into local municipal zoning ordinances. The 
Regional Planning Commission will, upon request, assist municipal units of 
government in the incorporation of provisions related to erosion risk and 
associated setback distances along the Lake Michigan shoreline of Racine 
County into local ordinances. 

Identification of Erosion Risk Distances and Setback Distances 

The setback distance for buildings and other facilities from the edge of the 
bluff along shoreline areas currently--or proposed to be--protected by properly 
designed, constructed, and maintained structural shore protection measures 
should be estimated for each property by the following formula--graphically 
illustrated in Figure 6 of Chapter IV of this report. It is recommended that 
the structural setback distance apply to the entire county shoreline south 
of the southern boundary of Cliffside Park, and to the northernmost reach of 
the Town of Caledonia, which is covered by fly ash deposits and protected by 
bulkhead. This structural setback distance from the bluff edge should apply 
over the entire length of shoreline of a property. 

Structural Setback Distance = Structural Erosion Risk Distance + Minimum F a c i l i t y  Setback Distance 

Where: Structural Erosion Risk Distance = Net Stable Slope Distance = 
Distance Required t o  Achieve a One on Two and One-Half Bluff Slope 

The distance required to achieve a one on two and one-half bluff slope is set 
forth for each coastal erosion analysis reach in Table 12 of Chapter IV of this 
report. The property boundaries, as shown on the cadastral maps, contained 
within each analysis reach are shown in Appendix E at the end of this report. 

The minimum facility setback distance is intended to provide a safety factor 
which helps to prevent damages which could be caused by major storms or pro- 
tective structure failure, and to provide an open space area which can be 
effectively utilized for surface water and subsurface water drainage and con- 
trol. The minimum setback distance prevents the weight of facilities from being 
placed too close to the bluff edge, which could reduce slope stability. Bene- 
fits of a minimum setback distance also include maintenance of the aesthetic 
amenities of the bluff edge, human safety factors, and the prevention of public 
utilities from being located too close to the bluff edge. It is recommended 
that, based on the above considerations, minimum facility setback distances be 
determined by each local unit of government within its jurisdictional area. 
For the Racine County shoreland zoning ordinance, which regulates land uses 
and activities within the unincorporated shoreland areas, it is recommended 
that the following minimum facility setback distances be applied: 

0 200 feet for all permanent facilities except public utilities, public 
recreation facilities, and single-family residential units. 



8 100 feet for public utilities, public recreational facilities, and 
single-family residential units, except that the minimum setback dis- 
tance may be reduced to the average distance from the bluff edge of 
adjacent facilities located within 100 feet of the proposed facility, 
although the minimum setback distance cannot be less than 50 feet. 

A shore protection structure may be considered effective and properly designed 
if it meets the criteria established by the Racine County Technical Sub- 
committee on Shoreland Development Standards, as set forth in Table 14 of 
Chapter IV of this report. The proposed ordinance amendments require that 
proposed development along the shoreline south of Cliffside Park be protected 
by shore protection structures meeting the criteria set forth by the Tech- 
nical Subcommittee. 

The nonstructural setback distance for all portions of the coastline not pro- 
posed to be protected by proper shore protection structures should consist of 
the nonstructural erosion risk distance--defined as the 50-year total bluff 
recession rate distance from the existing bluff edge, as presented in Table -12 
of Chapter IV of this report, plus a net stable slope distance, plus a minimum 
facility setback distance--as defined above. The nonstructural erosion risk 
distance is shown in Appendix E for the entire county shoreline except for the 
protected portion of the City of Racine shoreline and the extreme northern 
shoreline in the Town of Caledonia, for which bluff recession rates were not 
determined. These maps should be used for general information purposes. The 
nonstructural setback distance applies to the entire county shoreline north 
of the southern boundary of Cliffside Park, except for the northern-most reach 
of the Town of Caledonia. The required nonstructural distance for each property 
should be calculated, over the entire length of shoreline, by the following 
formula--graphically illustrated in Figure 5 of Chapter IV of this report: 

Nonstructural Setback Distance = Nonstructural Erosion Risk Distance +Minimum Facility Setback Distance 

Where: Nonstructural Erosion Risk Distance = 50-Year Bluff Recession Distance + 
Net Stable Slope Distance 

Prohibited, Conditional, and Permitted Uses 

Within the calculated structural and nonstructural setback distances, the rec- 
ommended county shoreland zoning ordinance amendments would prohibit the devel- 
opment or redevelopment of major facilities and buildings. Buildings and 
facilities which may be relocated are also prohibited, but under certain con- 
ditions, may be granted a variance from the ordinance provisions. These vari- 
ances for relocatable buildings should be reviewed on a case-by-case basis to 
determine the impact on the property owner, the erosion risk involved, and 
alternatives for development. Although not included in the shoreland zoning 
amendments, it is also recommended that the county sanitary ordinance be 
amended to prohibit new onsite sewage disposal systems within the structural 
and nonstructural setback distances because such systems contribute moisture 
and weight to the bluff soils which may create unstable slope conditions and 
because such systems are unlikely to be removed if, or when, the bluff erodes 
at the site, thereby contributing to pollution of the shoreline environment. 



The recommended shoreland zoning ordinance amendments specify as conditional 
uses within the calculated structural and nonstructural setback distances, 
land disturbance activities, tree cutting or other vegetation removal, and 
the construction of structural shore protection measures. Such conditional uses 
require, for approval, that certain specified criteria or provisions be met. 

Permitted uses within the structural and nonstructural setback distances, 
unless restricted by other zoning ordinance provisions, include open space 
uses, storage of portable equipment and supplies, accessory buildings such as 
storage sheds, and minor facilities such as driveways, sidewalks, patios, and 
fences. Permitted uses thus include the placement of materials and supplies 
which can be readily moved prior to erosion damage, minor facilities with 
a relatively low economic value, and uses which will not increase stresses on 
the bluff which could increase slope instability. 

MODIFICATION OF THE STRUCTURAL AND 
NONSTRUCTURAL SETBACK DISTANCE 

The calculated structural and nonstructural setback distances may be modified 
upon submittal by an applicant or property owner of acceptable engineering 
studies which indicate that the actual recession rate is different than that 
set forth in this report for the appropriate coastal erosion analysis reach 
(for the nonstructural setback distance only), that the stable slope conditions 
are different than indicated herein, or that the height of the bluff is dif- 
ferent. In addition, the requirement for structural protection measures south 
of Cliffside Park may be waived if the applicant or property owner presents 
acceptable evidence that the proposed facility and adjacent property can be 
adequately protected without the shore protection structure. 

Although the provision of the required technical information is the responsi- 
bility of the landowner, various governmental agencies can supply useful maps 
and data. Historic recession rates for any specific shoreland parcel can be 
measured from aerial photographs available from the Southeastern Wisconsin 
Regional Planning Commission for the years 1963, 1967, 1970, 1975, and 1980, 
or from similar suitable information available over a relatively long time 
period. The bluff height at any specific parcel may be measured by a field 
survey, or on the large-scale topographic maps available from the Racine 
County Planning and Zoning Department. The evaluation of the stability of the 
slope and the identification of the specific stable slope angle will, in most 
cases, require a field survey and technical assistance from a qualified pro- 
fessional geologist, soil scientist, or engineer. 

PERIODIC UPDATING OF STRUCTURAL AND NONSTRUCTURAL 
EROSION RISK DISTANCES AND SETBACK DISTANCES 

It is recommended that the structural and nonstructural erosion risk distances 
be refined periodically to reflect changes in the bluff characteristics and to 
incorporate new bluff recession rates into the long-term average rate. The 
formula for establishing setback distances can and should continue to be used 
with the new recession rates and bluff characteristics. Bluff heights should 



be redefined at approximately 10-year intervals, as updated large-scale topo- 
graphic maps become available for the shoreline. Similarly, bluff recession 
rates should be remeasured, at approximately 10-year intervals, as appropriate 
aerial photography becomes available. The 1963 aerial photographs by the 
Regional Planning Commission should continue to be used as the base period for 
measuring recession. Updated topographic maps may also be used to refine and 
update bluff recession rates. A stable slope of 22' should continue to be used 
unless new technical studies indicate that an alternative angle is more appro- 
priate, or where site-specific studies have indicated a stable slope different 
than 22'. Appendix E, provided at the end of this report, should be updated at 
approximately 10-year intervals, to reflect the revisions in bluff character- 
istics and recession rates. 

SUMMARY 

The identification of erosion risk distances and the development of facility 
setback distances from the existing Lake Michigan bluffs provides a basis for 
public informational and regulatory measures designed to guide urban develop- 
ment and redevelopment in proper relation to the risk of erosion. This chapter 
includes a description of recommended amendments to the county shoreland zoning 
ordinance which relate development to the risk of erosion. Similar provisions 
may be incorporated into local municipal zoning ordinances. 

Public involvement in coastal erosion management and the availability of per- 
tinent shoreline erosion information to the public helps obtain political 
and public support for the recommended management measures, permits affected 
parties to practice sound coastal management on their own accord, and identi- 
fies coastal erosion problems for affected parties and potential property 
buyers. Importantly, the findings and recommendations of this study provide 
a valuable reference and educational resource to inform the public about the 
process and effects of coastal erosion, the area potentially affected by that 
erosion, and actions to reduce the effects of that erosion. 

The current Racine County shoreland zoning ordinance regulates the location 
of facilities arid certain land uses within a specified distance to the Lake 
Michigan shoreline. On the basis of the erosion risk distances presented in 
Chapter IV, setback distances were specified to protect those areas poten- 
tially subject to erosion within a 50-year period of time. The setback dis- 
tances also contain a minimum facility setback. These setback distances were 
incorporated into amendments to the county shoreland zoning ordinances. A non- 
structural setback distance was recommended for the county shoreline north of 
the southern boundary of Cliffside Park. A structural setback distance was 
recommended for the county shoreline south of Cliffside Park to the southern 
boundary of the County, as well as for the reach of shoreline in the Town of 
Caledonia which is covered by fly ash. 

For the county shoreland zoning ordinance, a minimum facility setback of 50 to 
100 feet for public utilities, public recreational facilities, and single- 
family residential units, and a setback of 200 feet for other major permanent 
facilities was recommended. Outside of the jurisdiction of the county zoning 
ordinance, local units of government should determine the minimum facility 
setback distance. 



Prohibited uses within t h e  spec i f i ed  nonstructural  and s t r u c t u r a l  setback 
dis tances  include t h e  development o r  redevelopment of major f a c i l i t i e s  and 
buildings.  Conditional uses include land disturbance a c t i v i t i e s ,  t r e e  cu t t ing ,  
and t h e  construction of shore protec t ion s t ruc tu res .  Uses permitted within t h e  
setback dis tances  include open space uses,  s torage  of por table  equipment and 
suppl ies ,  accessory buildings such as s torage  sheds, and minor f a c i l i t i e s  such 
a s  driveways, sidewalks, pa t ios ,  and fences. 

Provisions of t h e  shoreland zoning ordinance a r e  recommended which would allow 
property owners o r  appl icants  t h e  opportunity t o  present information which 
could be used t o  modify t h e  required setback dis tance .  In  addi t ion ,  it was 
recommended t h a t  t h e  erosion r i s k  and setback distances be ref ined and updated 
a t  approximately 10 -year i n t e r v a l s .  
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Chapter VI 

SUMMARY 

l NTRODUCTION 

The erosion and recession of the coastal bluffs along the Lake Michigan shore- 
line of Racine County constitutes a serious loss of valuable natural resources 
and of real property and improvements thereto. Bluff recession rates in Racine 
County range up to 14 feet per year, averaging almost two feet per year along 
the unprotected reaches of the shoreline. This bluff recession results in the 
loss of approximately three acres of land each year, and 6.6 million cubic feet 
of shore material. 

The erosion and bluff recession along the Lake Michigan shoreline of Racine 
County may be managed by a coordinated set of structural and nonstructural 
measures which reduce shoreline erosion and the damages which result from such 
erosion. Structural shore protection measures include groins, breakwaters, 
revetments, bulkheads, piers, and surface water and groundwater drainage and 
control techniques. Nonstructural measures include land use regulations, build- 
ing setback requirements and restriction of certain land management practices, 
and public acquisition of shoreland areas. Currently, shoreland development in 
the unincorporated portions of Racine County is regulated by a shoreland zoning 
ordinance. Because of the high value of shoreland resources and the varying 
degrees of shore erosion there is a need to establish more refined building 
setback requirements and related regulations which are more specifically linked 
to expected future bluff recession rates and slope conditions. 

Several previous studies on coastal erosion in Racine County have established 
an extensive data base which permitted the prediction of future shoreline con- 
ditions and the formulation of regulations which can assist in more rational 
adjustments of rural and urban development and redevelopment of these expected 
future conditions. These studies have been conducted by the Racine County 
Coastwatch Program, the University of Wisconsin Sea Grant Program and Extension 
Service, and Racine County with financial and technical assistance from the 
federally supported Wisconsin Coastal Management Program. 

PURPOSE 

The primary purpose of this coastal erosion management study was to delineate 
and map erosion and bluff recession risk distances from the existing bluff edge 
along the Lake Michigan shoreline of Racine County, and to develop a set of 
land use regulations properly related to the existing and probable future 
shoreline erosion and bluff recession rates. The study identifies the extent 
of shoreline erosion and bluff recession which may be expected to occur over 
time along the Lake Michigan shoreline of Racine County; identifies erosion 
risk distances and recommends associated setback distances for buildings along 
shoreline reaches protected by proper shore protection structures, as well as 
along reaches not so protected; quantifies the potential property losses which 
may be expected to result from continued shoreline erosion and bluff recession 



in the absence of a sound management program; and recommends a set of provi- 
sions which may be incorporated into existing shoreland regulations to restrict 
certain land uses and practices, as well as to guide the placement of new 
buildings, within those shoreland areas susceptible to erosion and bluff reces- 
sion. Recommendations for both structural and nonstructural coastal erosion 
control measures previously made by the Racine County Technical Subcommittee 
on Shoreland Development Standards were adapted and incorporated into the 
findings and recommendations of this study. 

ORGANIZATIONAL STRUCTURE 

The purpose, scope, and content of the study was developed under the guidance 
of the Coastal Erosion Technical Advisory Committee, comprised of persons who 
have knowledge and experience related to the technical aspects of coastal zone 
management, as well as of persons who are intimately familiar with the Racine 
County coastal environment. The composition of this Committee, given on the 
inside front cover of this report, includes representatives from the University 
of Wisconsin Sea Grant Program, the City of Racine, the Town of Caledonia, the 
Racine County Coastwatch Program, the Racine Board of Realtors, the Wisconsin 
Department of Natural Resources, the Sierra Club, and private engineering con- 
sulting firms. The study itself was subsequently carried out cooperatively by 
the staffs of the Regional Planning Commission and the Racine County Planning 
and Zoning Department. 

INVENTORY FINDINGS 

A coastal erosion study area was defined and delineated under the study, being 
that area of Racine County lying within approximately 1,000 feet of the ordi- 
nary high water mark of Lake Michigan. The study area thus includes all lands 
subject to existing county shoreland zoning regulations. The study area is com- 
prised of those lands which most directly affect, or are most directly affected 
by, Lake Michigan erosion processes. The study area encompasses 2,552 acres of 
land and 14.8 miles of Lake Michigan shoreline. 

Elements of the natural resource base of the study area pertinent to the under- 
standing of coastal erosion include the geology, soils, bluff and beach com- 
position and topography, surface water resources, groundwater resources, and 
climate of the coastal area. The study area is underlain by, in successively 
descending order, dolomite, shale, sandstone, and crystalline layers of bed- 
rock. Up to 300 feet of unconsolidated glacial deposits cover the dolomite. 
About 28 percent of the study area is covered by well-drained and moderately 
drained soils, and about 55 percent of the study area is covered by poorly 
drained and very poorly drained soils. 

Although some bluff heights in Racine County exceed 80 feet, most of the shore- 
line has bluffs ranging from 20 to 40 feet. The bluffs are comprised of till, 
silt, clay, sand, and gravel. Nearly one-third of the shoreline has no beach. 
Most of the shoreline with a beach has a beach width ranging from one to 
30 feet, although the maximum beach width exceeds 300 feet. 

Along the Racine County shoreline, groundwater generally flows toward Lake 
Michigan. Three major aquifers underlie the coastal area: the deep sandstone 



aquifer, the Niagara dolomite aquifer, and the shallow sand and gravel aquifer. 
Numerous groundwater discharges and seepages occur on the bluff slopes, con- 
tributing to the instability of these slopes. 

The type, degree, and extent of shore erosion damage is determined by the 
interrelationship of the natural and man-made features of the study area. About 
56 percent of the study area was devoted to urban land uses in 1980. About half 
of the area in urban land use was devoted to residential use. Land use in the 
study area is currently regulated by County and municipal zoning ordinances. 
Municipal zoning ordinances are in effect in the City of Racine, and in the 
Villages of North Bay and Wind Point. The Town of Caledonia has adopted the 
Racine County zoning ordinance. The Town of Mt. Pleasant has adopted its own 
zoning ordinance, but that ordinance is a joint town-county ordinance. The 
county has jurisdiction over the shoreland areas of the Town of Mt. Pleasant. 
About 91 percent of the study area has been placed in zoning districts which 
permit intensive urban development. The zoning ordinances are generally devoid 
of provisions pertaining to the regulation of development and redevelopment in 
relation to Lake Michigan shoreline erosion hazards. 

Numerous types of shore protection structures are currently present along the 
Racine County shoreline. These structures, which include groins, bulkheads, 
revetments, and breakwaters, have had varying degrees of success. An inventory 
of 216 shore protection structures indicated that nearly 75 percent of all 
structures exhibited some type of failure. About 30 percent of all structures 
were failing overall, or were nonfunctional. 

The most important Lake Michigan coastal erosion problem in Racine County is 
recession of the bluffs. Bluff recession is caused by the sliding and slump- 
ing, as well as the surface erosion, of bluff slopes. Factors affecting bluff 
erosion include wave action at the bluff toe; lake levels; the physical char- 
acteristics of the beach and bluff, including the configuration and soil types; 
ice activity; groundwater seepage; and surface runoff. The rate of bluff reces- 
sion has been documented in several previous studies. During the period from 
1963 through 1980, bluff recession along the unprotected reaches of shoreline, 
as measured by the Regional Planning Commission, averaged 1.5 feet per year. 
About 38 percent of the unprotected reaches of shoreline had a bluff recession 
rate equal to or less than 0.5 foot per year. The highest recession rate, mea- 
sured by the Regional Planning Commission for the period 1963 through 1980, 
was 10.2 feet per year. During periods of high water elevation, recession 
rates as high as 14 feet per year have been measured in Racine County. 

EVALUATION OF COASTAL EROSION 

The identification of the shoreland areas which may be expected to continue to 
be affected by shoreline erosion and bluff recession enables public officials 
and private property owners to better assess potential erosion losses and 
evaluate alternative erosion management measures. Erosion risk and setback 
distances from the existing bluff edge were identified for each of 101 coastal 
analysis shoreline reaches. The erosion risk and setback distances were devel- 
oped under assumed nonstructural and structural management alternatives. The 
erosion risk distance is the distance from the existing bluff edge which would 
be affected by recession of the bluff over time, and by the regrading of the 



bluff slope, as required, to achieve a stable slope of 22'. (See Figures 5 and 
6 of Chapter IV of this report for the procedure used to calculate erosion risk 
and setback distances). 

The formula used to calculate the nonstructural erosion risk distances is as 
follows : 

Nonstructural Erosion Risk Distance = 50-Year Bluff Recession Distance + Net Stable Slope Distance 

Where: 50-Year Bluff Recession Distance = Annual RecessionRate Measured 
for Period of 1963 t o  1980 x 50 Years 

Net Stable Slope Distance = Gross or Total Horizontal Distance of 22' Slope 
for the Specific Bluff Height - Existing Horizontal Distance of the Bluff Slope 

The nonstructural erosion risk distances were presented for the entire county 
shoreline, with two exceptions. These exceptions are: 1) the City of Racine 
shoreline which is currently protected by shore protection structures; and 
2) the northern-most reach in the Town of Caledonia which is covered by fly 
ash deposits. The sum of the nonstructural erosion risk distance, plus a mini- 
mum facility setback distance is referred to as the nonstructural setback dis- 
tance. The minimum facility setback distance should be determined by the local 
units of government. The nonstructural setback distances apply to the reach of 
the Racine County shoreline lying north of the southern boundary of Cliffside 
Park, except for the fly ash-covered reach in the Town of Caledonia. 

Nonstructural erosion risk distances are shown in Appendix E at the end of this 
report for a 25-year and 50-year period. Real property boundaries, as delin- 
eated in the county cadastre file, are also shown on the maps. The area con- 
tained within the 25-year nonstructural erosion risk distance from the existing 
bluff edge includes about 141 acres of land, or about 6 percent of the study 
area, and 103 buildings or facilities. About 199 acres of land, or about 8 per- 
cent of the study area, and 143 facilities lie within the 50-year nonstructural 
erosion risk distance. 

The economic value of the land and facilities located within the 25-year non- 
structural erosion risk distance is approximately $9.3 million, of which 
$2.9 million, or 31 percent represents the value of the land, and $6.4 mil- 
lion, or 69 percent, the value of the facilities and improvements thereto. 
The economic value of the land and facilities located within the 50-year ero- 
sion risk distance is about $12.9 million, of which $4.0 million, or 31 per- 
cent, is the value of the land, and $8.9 million, or 69 percent, is the value 
of the facilities. 

The structural erosion risk distances were defined as the net stable slope 
distances, since it was assumed that the shore protection structures would be 
properly constructed and maintained, and would therefore essentially prevent 
any further bluff recession. The structural setback distance consisted of the 
structural erosion risk distance plus a minimum facility setback distance. It 
was recommended that the structural setback distance apply to the County shore- 
line lying from the southern boundary of Cliffside Park to the southern boun- 
dary of the County, as well as to the fly ash-covered reach in the Town of 
Caledonia. The Racine County Technical Subcommittee on Shoreland Development 
Standards recommended that the shoreline from the southern boundary of Cliff- 
side Park to the southern county line be protected by shore protection struc- 
tures, wherever feasible . 



Effective shore protection requires a combination of bluff stabilization, sur- 
face water and subsurface water control, and bluff toe protection. Specific 
structural protection measures required at any particular site can be deter- 
mined only on the basis of detailed engineering anlyses and the consideration 
of a number of variables, including property values, the intended development, 
and the degree of erosion expected. The installation of new shore protection 
structures with a life expectancy of 25 years at all currently inadequately 
protected developed shoreline reaches having an existing bluff recession rate 
exceeding one foot per year and located south of Cliffside Park would entail 
a capital cost of about $2.4 million, an annual maintenance cost of up to 
$240,000, and a 50-year present worth of about $4.8 million. 

RECOMMENDATIONS 

The findings of this coastal erosion management study provide a basis for 
developing public informational and regulatory measures designed to guide 
urban development and redevelopment in proper relation to the associated risk 
of shoreline erosion and bluff recession. The findings of the study provide 
a valuable reference which can help to inform the general public and concerned 
special interest groups about the location and extent of the Lake Michigan 
shoreline area subject to a risk of erosion, and actions that can help to 
reduce that risk. Public land use regulations can be developed which protect 
proposed development and redevelopment from excessive shoreline erosion and 
bluff recession risk by identifying erosion risk distances from Lake Michigan 
and establishing facility setback distances from the shoreline. Recommended 
amendments to the Racine County shoreland zoning ordinance which would regu- 
late land uses, activities, and facility locations within the setback distances 
are set forth in Appendix D of this report. With proper adaptation, these pro- 
visions may also be incorporated into local municipal zoning ordinances. The 
ordinance amendments designate distances from the existing bluff edge within 
which certain land uses and management practices, and the placement of perma- 
nent facilities are restricted or prohibited. 

The current Racine County shoreland zoning ordinance regulates the location 
of facilities and certain land uses within a specified distance of the Lake 
Michigan shoreline. On the basis of the erosion risk distances presented in 
Chapter IV, setback distances were specified to protect those areas potentially 
subject to erosion within a 50-year period of time. The setback distances con- 
sist of the erosion risk distance plus a minimum facility setback distance. 
Setback distances were developed under the nonstructural alternative, and under 
the structural alternative. A nonstructural setback distance was recommended 
for the county shoreline north of the southern boundary of Cliffside Park, 
except for the reach of shoreline in the Town of Caledonia which is covered 
by fly ash. A structural setback distance was recommended for the county shore- 
line from the southern boundary of Cliffside Park to the southern county line, 
as well as for the reach of shoreline in the Town of Caledonia which is covered 
by fly ash. 

For the county shoreland zoning ordinance, a minimum facility setback of 50 to 
100 feet for public utilities, public recreation facilities, and single-family 
residential units, and of 200 feet for other major permanent facilities was 



recommended. Outside of the jurisdiction of the county zoning ordinance, it 
is recommended that local units of government determine the minimum facility 
setback distance. 

Prohibited uses within the specified nonstructural and structural setback dis- 
tances include the development or redevelopment of major facilities and build- 
ings. Conditional uses include land disturbance activities, tree cutting, and 
the construction of shore protection structures. Uses permitted within the set- 
back distances include open space uses, storage of portable equipment and sup- 
plies, accessory buildings such as storage sheds, and minor facilities such as 
driveways, sidewalks, patios, and fences. 

The established setback distances may be modified upon submittal by an appli- 
cant or property owner of the findings of engineering studies showing that the 
actual shoreline erosion and bluff recession rate is different than that set 
forth in this report for the appropriate coastal erosion analysis reach, that 
the stable slope conditions are different than indicated herein, or that the 
height of the bluff is different. It is recommended that the erosion risk and 
the setback distances be refined at approximately 10-year intervals to reflect 
changes in the bluff characteristics and to incorporate new bluff recession 
rates into the long-term average rates. 

The adoption and implementation of the management measures herein recommended 
for the Lake Michigan shoreland area of Racine County will help reduce the 
serious and costly erosion and bluff recession problems affecting the county 
shoreline. The implementation of these recommended measures may thus be 
expected to provide a safer, more healthful and more pleasant, as well as more 
orderly and efficient environment within the shoreland area, promoting the 
public health, safety, and general welfare. 
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Appendix A 

SHORE PROTECTION STRUCTURE INVENTORY FOR RACINE COUNTY: 1976-1980 

S t r u c t u r e  
Type 

Croon 

Revetment 

Revetment 

Revetment 

Groin 

Other  

Bit I  khead 

Groin 

Cro tn  

Revetment 

Groin 

Revetment 

Revetment 

U. S. Publ IC 
B l u f f  
Helght  
( f e e t )  

65 

65 

35 

50 

25 

-- 

30 

40 

40 

25 

35 

25 

30 

Land 

Townsh~p 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

Survey 

Range 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

P h y s ~ c a l  

B l u f f  
Slope 

(degrees)  

31 

39 

25 

33 

15 

- - 

37 

37 

37 

31 

47 

44 

-- 

Locat ton 

Sec t i on  

6 

6 

8 

8 

17 

17 

17 

16 

16 

16 

16 

16 

16 

Length 
o f  

S t ruc tu re  
( f e e t )  

- - 

540 

120 

-- 

15 

120 

270 

190 

92 

320 

275 

1,320 

210 

S e t t t n g  

Percent 
o f  B l u f f  
Vegetated 

25 

10 

60 

10 

95 

- - 

95 

95 

95 

25 

5 

5 

5 

Beach 
W ~ d t h  
( f e e t )  

-- 

12 

5 

20 

37 

55 

74 

30 

30 

42 

23 

27 

-- 

Comments 

Hal l around Oak 
Creek Power P lan t  

Concrete chunks 
a long b l u f f  

Seal I ,  p o o r l y  
cons t ruc ted  gablon 

Dolom!te b lock  s t r u c t u r e  
w l t h  some beach e r o s l o n  

Recent ly  installed 
small g r o l n  

Concrete sldewa 1 k sec- 
t t o n s  a t  g u l l y  mouth 

F o u r g r o l n s a n d a  
do loml te  bulkhead 

Some e ros ton  I n  
back o f  g r o l n  

F a l r l y  s t a b l e  
and e f f e c t t v e  

Concrete fragments, 
concrete and doloml t e  
r ~ p r a p  a t  b l u f f  t oe  

Conjoined w l t h  above 
S t ruc tu re  

Low and overtopped 
near south end 

Fa I l lng due t o  
Ice shove 

Ma lntenance 
Requ I red 

None 

R e b u ~ l d  

Rebu~  I d  

Minor 

None 

None 

None 

Mlnor  

Mlnor  

Rebu~  I d  

None 

Major  

Major  

M a t e r l a l  
Compos~ t lon  

o f  
S t r u c t u r e  

s tone /s tee l  

Broken 
conc re te  

Wlre/s tone 

Stone 

Stone 

Broken 
conc re te  

Stone 

Stone/broken 
conc re te  

Stone/poured 
conc re te  

Stone/broken 
conc re te  

S tone / t l  r es  

Stone/broken 
conc re te  

Wlre/s tone 

Date 
l nven to r l  ed 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

C o n d l t l o n  
o f  

S t r u c t u r e  

F u n c t ~ o n a l  

N o n f u n c t ~ o n a l  

Fa1 l lng  

F u n c t ~ o n a l  

F u n c t ~ o n a  1 

FUnCt~ona l  

Funct I ona l 

Funct lona I 

Funct lona l 

Fa I l ong 

Funct lona l 

Functtona l 

Fa! l !ng 

I 

Types 
O f  

Fat l u r e  

None 

Overtopped/ 

co f lanked/  l 1 apsed 

Overtopped/ 
co l lapsed/  
vanda l I sm 

Flanked 

Overtopped 

Other  

None 

Flanked/ 
c o l  lapsed 

Flanked 

F a u l t y  
material/ 
co l lapsed 

None 

Flanked/ 
overtopped 

Other  



Appendix A (continued) 

Ma ontenance 
Requl red 

Major 

None 

Major 

None 

None 

Manor 

Date 
Inventor led 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

1 
i 

Comments 1 
-- 

Recently poured 
concrete bulkhead 

Grolns a t  both ends 

Wcdely spaced 
dolomlte b locks 

Convex d o l o m ~ t e  
bu l khead 

Attached t o  prev,ous 
two s t ruc tu res  1 

Types 
of 

Fa1 lu re  

Overtopped/ 
co l  lapsed 

None 

Overtopped 

Overtopped/ 
o ther  

None 

Fau l t y  
material 

122 

169 

225 

76 

200 

43 

92 

45 

350 

65 

350 

35 

-- 

30 

30 

Length 
o f  

S t ruc tu re  
( f e e t )  

550 

126 

250 

525 

303 

150 

Revetment 

Revetment 

Revetment 

Groln 

Revetment 

Bulkhead 

Groln 

Bulkhead 

Revetment 

Grotn 

Revetment 

Groin 

Revetment 

Groln 

Groin 

S t ruc tu re  
Type 

Revetment 

Bulkhead 

Revetment 

Revetment 

Bulkhead 

Bulkhead 

12 

15 

25 

20 

20 

20 

15 

15 

20 

15 

15 

25 

25 

25 

25 

B lu f f  
Helght 
( f e e t )  

-- 

25 

18 

20 

6 

18 

P le r  

pier 

Stone 

Stone/ 
aspha l t  

Broken 
concrete 

Poured 
concrete 

Steel/broken concrete 

Poured 
concrete 

Poured 
concrete 

Poured 
concrete 

Broken 
concrete 

Stone 

Broken 
concrete 

Stone 

Stone/broken 
concrete 

Poured 
concrete 

Poured 
concrete 

Mate r la l  
Cornpos~ t~on  

of 
S t ruc tu re  

Stone/broken 
concrete 

Poured 
concrete 

Stone 

Stone 

stone 

Poured and 
precast  
concrete 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

U. 
Land 

Township 

4N 

4N 

4N 

4N 

4N 

4N 

Cond l t lon  
O f  

S t ruc tu re  

Funct lona l 

Functlona l 

Funct 1 ona l 

Funct tona l 

Funct lona l 

Funct lona 1 

4N 

4N 

-- 
12 

16 

35 

10 

23 

55 

25 

20 

20 

5 

-- 
-- 
-- 

-- 

Beach 
Wldth 
( f e e t )  

-- 

58 

48 

6 

3 1 

8 

15 

30 

35 

33 

33 

3 3 

35 

35 

3 3 

30 

30 

35 

42 

42 

42 

Physlcal 

B l u f f  
Slope 

(degrees) 

-- 

2s 

25 

25 

- - 

33 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

S Public 
Survey 

Range 

23E 

23E 

23E 

23E 

23E 

23E 

Nonfunctlona l Overtopped/ None 6/76 -- 
f lanked 

20 

95 

50 

95 

60 

60 

85 

95 

90 

75 

-- 
75 

-- 
50 

50 

50 

S e t t ~ n g  

Percent 
of B l u f f  
Vegetated 

95 

80 

90 

95 

90 

90 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27 

Locat lon 

Sectton 

22 

22 

22 

22 

27 

27 

Funct ional  

Functions l 

Functions l 

Funct ional  

Nonfunctoonal 

Funct ional  

Funct lOna l 

Funct tonal  

Funct iona l 

23E 

23E 

22 

Overtopped 

Overtopped 

Overtopped 

Overtopped/ co l  lapsed 

Overtopped 

Collapsed 

Overtopped 

Fau l t y  
materla I /  
overtopped 

Overtopped 

27 

27 

95 

Major 

None 

Monor 

Rebui I d  

Minor 

Major 

None 

Rebu~ Id  

None 

Rebui Id  

4 

6 

6/76 

6/76 

6/76 

6/76 

6/76 

Nonfunctional 

Funct ional  

Nonfunct ional  

Nonfunct ional  

97 

-- 

-- 

Has two attached 
g ro lns  

Below lake lave l 
and t n e f f e c t i v e  

Slumptng of  b l u f f  
behlnd s t ruc tu re  

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 
---- 

6/76 

6/76 

- - 
15 

Blocks should 
be added 

Scat tered concrete 
chunks on shore 

- - 
-- 

Sma l I bulkhead 

End o f  g ro tn  
broken o f f  

-- 
-- 

-- 

Overtopped/ 
f lanked 

Overtopped 

-- 
Flanked/ 
col lapsed/  
overtopped 

Flanked/ 
col lapsed/  

380 

Rebulld 

None 

Rebui I d  

Rebut I d  

90 

90 

Precast 
concrete 

27 

25 

Funct lona l 

200 

250 

None 

Steel / t lmber 

Precast 
concrete 

Minor 

Nonfunct ional  

Nonfunct lona l 

6/76 

Collapsed 

Overtopped/ 
COI lapsed 

P a r t l a l  cause o f  
much accret  10n 

Rebut I d  

Minor 

6/76 

6/76 

-- 
40 feet  o f  p t e r  

co l  lapsed 



Appendix A (continued) 

Comments 

- - 
-- 

Sol i d  but t ressed 
seawa l I 

Attached t o  p rev lous  
s t r u c t u r e  

Seawa l l 

-- 
Seawa l l wl t h  sma l l 

bu t t resses  

Small boat  launching 
pier 

- - 

Ma fntenance 
Requa red 

Manor 

Major 

Minor 

None 

M!nor 

Rebu~  I d  

Mtnor 

Major  

Rebuild 

Grotn 

Other 

Gro ln  

Other 

Groan 

Groln 

Gro I n 

Bu l khead 

Grotn 

Groin 

Bulkhead 

Other 

Bu l khead 

Gro I n 

Date 
Inven to r led  

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

Length 
of  

S t ruc tu re  
( f e e t )  

226 

105 

133 

46 

103 

150 

76 

35 

35 

s t r u c t u r e  
Type 

P l e r  

P l e r  

Bulkhead 

Groin 

Bu l khead 

Other 

Bu l khead 

P l e r  

Grotn 

B l u f f  
Heuyht 
( f e e t )  

20 

20 

20 

20 

20 

20 

18 

18 

20 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

Mate r la l  
Compos! t~on 

o f  
S t ruc tu re  

Precast 
concrete 

Precast 
concrete 

Stone/poured 
concrete 

Poured 
concrete 

Poured 
concrete 

Broken 
concrete 

Poured and 
p recas t  
conc Pete 

Timber/ 
poured 
concrete 

stone 

U. S. Publ I C  
Physical 

B l u f f  
Slope 

(degrees)  

23 

22 

20 

2 

20 

31 

- 
35 

35 

4 1 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

C o n d ~ t ~ o n  
0 f 

S t ruc tu re  

Funct I ona l 

Funct lona l 

Funct ional  

Functlona l 

Funct lona l 

Nonfunct I ona l 

funct  lona l 

Fa1 I Ing 

Nonfunct ional  

L o c a t ~ o n  

Sect ton 

27 

27 

27 

27 

27 

27 

27 

27 

34 

Land 

Townshop 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

Types 
0 f 

Fa1 l u r e  

None 

None 

None 

None 

None 

Overtopped 

Overtopped 

Overtopped/ 
f a u l t y  
ma te r ia l /  
o t h e r  

Overtopped/ 
f lanked 

S e t t l n g  

Percent 
o f  B l u f f  
Vegetated 

95 

95 

95 

95 

95 

-- 

80 

90 

90 

Survey 

Range 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

33 

33 

33 

33 

Beach 
W ~ d t h  
( f e e t )  

70 

53 

-- 
-- 
-- 
-- 
15 

15 

48 

20 

25 

25 

22 

15 

18 

-- 

16 

18 

20 

15 

15 

25 

20 

15 

39 

39 

35 

15 

25 

- - 

10 

15 

15 

25 

95 

95 

75 

99 

-- 

99 

95 

95 

95 

95 

90 

9 

23 

5 1 

53 

64 

44 

62 

10 

10 

15 

8 

l3 I 95 
-- 

-- 
-- 

18 

25 

60 

60 

51 

12 

116 

55 

98 

625 

40 

115 

300 

95 

95 

59 

136 

60 

stone 

W6 re/stone 

Stone 

Stone/w~ r e  

Poured 
concrete 

stone 

Stone/poured 
concrete 

Stone 

Stone 

Stone 

Stone 

Poured 
concrete/  
o t h e r  

Stone 

Poured 
concrete/  
stone 

Functlona l 

Functiona l 

Funct iona l 

Funct ional  

Funct iona l 

Funct 1 Ona l 

FUnCt lona l 

Funct ional  

Nonfunct lona l 

Funct lona 1 

Funct lona l 

Functtona l 

Funct lona l 

Funct lona l 

Flanked/ 
overtopped 

None 

roe 
unde rm I ned/ 
f lanked/  
overtopped 

 one 

overtopped 

Overtopped/ 
f lanked/  
co l lapsed 

Overtopped/ c o l  lapsed 

N~~~ 

Overtopped/ 
f lanked/  
COI lapsed 

overtopped/ 
f lanked 

N~~~ 

Other 

~ ~ n e  

 one 

Major  

None 

Rebul I d  

None 

Minor 

Rebu I I d  

M a ~ o r  

None 

Rebut I d  

Mlnor 

None 

Mlnor 

None 

None 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

- - 
-- 

Caused beach 
accretion 

Four f t l l e d  small gablons stone- 

-- 

Caused some sand 
accretion 

East and end col lapsed eroded 

- - 
-- 

Accret lon of sand 
and gravel  

-- 
6/76 

6/76 

6/76 

Accretion of sand 
on south stde 

-- 
Shore sec t lon  

I S  concrete 



Appendix A (continued) 

St ruc tu re  
Type 

Revetment 

Gro I n 

Other 

Other 

Gro ln  

Bulkhead 

Gro I n 

Grotn 

Groln 

Revetment 

Grot n 

Revetment 

Gro I n 

Gro I n 

Bulkhead 

L o c a t ~ o n  

Sect lon 

33 

33 

33 

33 

32 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

U. 
Land 

Tovnshlp 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N 

4N ' 

4N 

4N 

4N 

4N 

4N 

Rtprap on b l u f f  
s lope 

-- 

B l u f f  
Hetght 
( f e e t )  

25 

25 

25 

25 

20 

20 

20 

20 

18 

18 

18 

25 

25 

25 

25 

S. P u b l ~ c  
Survey 

Range 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

Bulkhead 4N 23E 33 25 39 60 15 35 Poured 
concrete 

25 25 80 10 60 Stone/broken 23E 33 
concrete 

Length 
O f  

S t ruc tu re  
( f e e t )  

315 

115 

115 

55 

85 

150 

52 

80 

70 

135 

100 

48 

35 

120 

110 

None 

Rebul I d  

P h y s ~ c a l  

B l u f f  
Slope 

(degrees) 

30 

30 

32 

32 

27 

26 

26 

25 

20 

20 

20 

24 

24 

25 

29 

6/76 

6/76 

Funct ional  

Nonfunct lona l 

Mate r ta l  
Composit8on 

O f  
S t ruc tu re  

Broken 
concrete 

Poured 
concrete/  
stone 

Broken 
conc re te /  
aspha l t  

Broken 
concrete/  
aspha l t  

s tone 

Poured 
concrete 

Stone 

stone 

Poured 
concrete 

Broken 
concrete 

Poured 
concrete 

Broken 
concrete 

stone 

Stone/poured 
concrete 

Poured 
concrete 

done 

Toe 
underma ned/ 
Planked/ 
overtopped 

Settong 

Percent 
o f  B l u f f  
Vegetated 

90 

95 

75 

75 

90 

90 

90 

95 

60 

95 

95 

95 

95 

95 

95 

Cond i t i on  
of  

S t ruc tu re  

Functional 

Funct dona l 

Non func t~ona l  

Non func t~ona i  

Functional 

Functrona 1 

Funct lona l 

Funct ional  

Functoona l 

Non func t~ona l  

Funct tona l 

Functional 

Non func t~ona l  

Funct lona l 

Funct ional  

Beach 
Wldth 
( f e e t )  

-- 
-- 

22 

5 

29 

36 

36 

35 

26 

10 

10 

-- 

10 

2 1 

15 

Types 
o f  

Fa# l u r e  

Collapsed 

Overtopped/ 
f lanked/  
co I lapsed 

Fau l t y  
mater la I /  
co I lapsed 
overtopped 

Overtopped/ 
f lanked/  
co l lapsed 

Overtopped 

Flanked 

None 

None 

Overtopped/ 
f lanked/  
o t h e r  

Overtopped/ 
f lanked 
co I 1 apsed 

o t h e r  

~ ~ ~ l t ~  
maternal /  
f lanked/  
overtopped 

Overtopped/ 
f l anked  

None 

Other 

Ma I ntenance 
Requl red 

Rebul I d  

Major 

Rebul I d  

R e b u ~ I d  

Major 

None 

Major  

None 

Major 

Rebui ld  

Mlnor 

Rebut I d  

Rebul ld  

None 

Minor 

Date 
Inven to r ied  

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

6/76 

Comments 

Shore o f  broken 
concrete s labs 

-- 

Pt l e  o f  debr l s  

Debr ls  strewn 
random1 y 

- - 
Has o u t s ~ d e  n lne-  

f o o t  bu t t resses  

- - 
Substantla1 dolomlte 

b lock  g r o l n  

Slaght  e ros lon  on 
bo th  ends 

B l u f f  e ros lon  I S  

occur r tng  

~ s f a ~ r i y s t r o n g  
and e f fec tave  

- - 

Back area e r o d ~ n g  
a t  toe  

- - 

~ l u r f  I S  ve ry  
s tab le  



Comments I 
Appendix A (continued) 

Permeable groan 

Eros ion has removed 
seaward end 

Bu l khead 

Revetment 

Gro ln  

Revetment 

t o  f l a n k  area 

Considerable e r o s l o n  
by b l u f f  slumptng 

3 N 

3N 

3N 

3N 

B l u f f  slumping 

TWO-foot t h i c k  w a l l  

Needs more h e i g h t  I 

23E 

23E 

23E 

23E 

Dangerous, f a  l l ing 
conc re te  

Large do lomi te  
revetment i 

Bluff has been graded I 

28 

28 

28 

28 

Poor l y  cons t ruc ted  I 
Some b l u f f  e ros ion  

occu r r i ng  I 

35 

35 

38 

38 

l ron bulkhead-- . 1 .  cas;plant I 
NO beach I 

34 

35 

37 

35 

Overtopped by 
h i g h  wa te r  

Old wooden p i l ~ n g s  

50 

- - 

80 

80 

P i l e  o f  s lag  on 

Poor1 y cons t ruc ted  I 
-- 

-- 

8 

-- 

I n  s t x  sect ions,  
Spaced apar t  I 

Severe b l u f f  e ro -  
ston, dangerous I 

88 

425 

65 

400 

Eroded consider-  

Randomly p i l e d  
debrss 

Poured 
conc re te  

Stone/broken 
conc re te  

Stone 

Stone/broken 
conc re te  

N o n f u n c t ~ o n a l  

Nonfunctlona l 

Funct lona l 

Funct lona l 

Overtopped/ 
f lanked/  
o t h e r  

Overtopped/ 
f l anked /  
COI lapsed 

Overtopped/ 
c o l  lapsed 

Overtopped/ 
f l anked  

Rebul ld  

Rebul I d  

Mtnor 

Rebu* l d  

7/76 

7/76 

7/76 

7/76 



Appendix A (continued) 

s t r u c t u r e  
Type 

Other  

Revetment 

Revetment 

Other  

Other  

Bu l khead 

Revetment 

Gro I n 

Revetment 

Gro ln  

Revetment 

Gro I n 

Revetment 

Gro I n 

Revetment 

Grotn 

Revetment 

Revetment 

Bu l khead 

Revetment 

Gro ln  

Revetment 

Grosn 

Revetment 

Length 
o f  

S t r u c t u r e  
( f e e t )  

120 

264 

800 

130 

130 

- - 
- - 

75 

60 

30 

175 

55 

90 

45 

110 

60 

250 

300 

650 

70 

60 

130 

50 

200 

Comments 

Debr ts  p l  led on 
b l u f f  s lope 

- - 
-- 

Four- foot  d lameter  
concrete c y l  I nders 

D e b r l s s t r e w n  
on s lope 

-- 
M a t e r ~ a l  pb led 

a long shore 

- - 
-- 

New s t r u c t u r e  

- - 
F a ~ l t n g b y s l ~ d e ,  
f low,  and slump 

- - 

Needs r e  ~n fo rcemen t  

- - 

- - 

-- 

Dangerous P I  l e  
o f  concrete 

B l u f f  f a l l l n g  by 
slump and s l ~ d e  

Oangerous, 
u n s ~ g h t l y ,  
t n e t f e c t ~ v e  

Could use addl -  
t t o n a l  b locks  

Too small t o  
be e f f e c t t v e  

Needs t o  be h ~ g h e r  

B l u f f  falling by 
slump and s l ~ d e  

M a t e r ~ a l  
Composlt lon 

o f  
S t r u c t u r e  

Stone/broken 
conc re te  

Stone/wl r e  

Stone/broken 
conc re te  

Poured and 
broken 
conc re te  

Stone/broken 
conc re te  

Stone 

Stone/broken 
conc re te  

S tone / t~mber  

Stone/broken 
conc re te  

Stone 

Stone/steeI  

Stone 

Stone/broken 
conc re te  

Broken and 
poured 
conc re te  

Broken 
conc re te  

Stone/broken 
conc re te  

Stone/other  

Stone/broken 
conc re te  

Stone 

Stone/broken 
conc re te  

Stone 

Stone/broken 
conc re te  

Stone 

Stone/broken 
conc re te  

Date 
Inven to r led  

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

Cond t t l on  
o f  

S t r u c t u r e  

Nonfunctional 

Functtona l 

Funct lona l 

Fa I I lng  

Non func t~ona  1 

Func t tona l  

F a t l l n g  

N o n f u n ~ t ~ o n a l  

Funct lona l 

Funct l ona l  

N o n f u n c t ~ o n a l  

Functtona l 

Nonfunct lona l 

Fa I l lng  

Nonfunctional 

Functtona l 

Funct lona l 

Fa I l tng 

- - 

Functtona 1 

Funct lona l 

Nonfunct lona l 

F u n c t ~ o n a l  

Fat l tng 

Types o f 

Fa! l u r e  

F a u l t y  
material/ 
o t h e r  

None 

None 

F a u l t y  
material/ 
f lanked/  
overtopped 

Flanked/ 
f a u l t y  
m a t e r l a l  

Other  

Overtopped/ 
f a u l t y  
material/ 
o t h e r  

Col lapsed 

Overtopped 

None 

Overtopped 

Overtopped/ 
o t h e r  

Overtopped/ 
f lanked/  
co l lapsed 

Overtopped/ 
f lanked/ 
COI  lapsed 

Overtopped/ 
f lanked 
c o l  lapsed 

Overtopped 

F a u l t y  
material/ 
f lanked 
overtopped 

F a u l t y  
material 

-- 

F a u l t y  
m a t e r t a l /  
f l anked /  
overtopped 

Overtopped/ 
f l anked  

F a u l t y  
m a t e r t a l /  
f lanked/  
overtopped 

Other  

F a u l t y  
m s t e r l a l  

B lu f f  
Helght  
( f e e t )  

38 

38 

38 

38 

38 

38 

35 

38 

35 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

37 

37 

37 

38 

IC 

Sec t l on  

28 

28 

28 

28 

28 

28 

28 

29 

29 

29 

29 

29 

29 

29 

29 

32 

32 

32 

32 

32 

32 

32 

32 - 
32 

U. 

Townsh~p 

3N 

3N 

3N 

3N 

3 N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

Ma I ntenance 
Requlred 

Rebut I d  

None 

Mtnor  

Rebue I d  

Rebun I d  

None 

Rebut I d  

Rebun I d  

Rebut I d  

None 

Rebul I d  

Major  

Rebun I d  

Rebu 4 l d 

Rebul ld  

Mtnor  

Rebut I d  

Rebul I d  

-- 
Rebut I d  

Rebui i d  

Rebut I d  

Rebu~  I d  

Major  

S. Publ 
L a n d S u r v e y L o c a t l o n  

Range 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

P h y s ~ c a l  

B l u f f  
Slope 

(degrees)  

37 

35 

37 

35 

35 

35 

35 

35 

35 

35 

3 5 

39 

39 

38 

39 

35 

38 

35 

38 

37 

32 

32 

35 

35 

S e t t ~ n g  

Percent 
o f  B lu f f  
Vegetated 

-- 

50 

- - 

40 

-- 

- - 
-- 

-- 
-- 

-- 
80 

50 

80 

80 

80 

95 

95 

5 

-- 

90 

50 

9 0  

25 

20 

Beach 
Wldth 
( f e e t )  

-- 

- - 
-- 
-- 

-- 

-- 
-- 

-- 
-- 
-- 
5 

18 

5 

-- 

12 

-- 

-- 

- - 
-- 
-- 

15 

10 

7 

-- 



Appendix A (continued) 

Gro I n 

Revetment 

Groin 

Revetment 

Gro 8 n 

Groin 

Revetment 

Gro tn  

Revetment 

Revetment 

Other  

Revetment 

Other  

Grosn 

Bulkhead 

Revetment 

G r o ~ n  

Gro ln  

Bulkhead 

Groan 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

3N 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

23E 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

30 

30 

30 

28 

28 

30 

30 

30 

30 

30 

30 

28 

28 

28 

22 

15 

15 

25 

25 

25 

38 

40 

40 

22 

32 

32 

35 

52 

52 

32 

32 

42 

25 

20 

60 

95 

90 

95 

80 

- - 
- - 

-- 
- - 

10 

- - 
10 

15 

28 

40 

25 

5 

5 

5 

-- 
-- 

10 

40 10 -- 

40 

25 

25 

26 

3 3 

10 

-- 

32 

35 

13 

13 

25 

25 

25 

50 

58 

75 

40 

65 

75 

180 

80 

211 

240 

320 

185 

40 

90 

95 

90 

80 

85 

50 

120 

65 

60 

150 

60 

75 

200 

65 

Stone 

Steel /broken 
conc re te  

Poured 
conc re te  

s tone 

stone 

Stone 

Stone 

Steel /poured 
conc re te  

Stone/poured 
conc re te  

Stone 

Stone/broken 
conc re te  

Broken 
conc re te /  
aspha l t  

Broken 
concrete/  
aspha l t  

Stone/poured 
conc re te  

Poured 
conc re te  

Stone 

Stone 

Stone/poured 
conc re te  

Stone/other  

Stone 

Funct ~ o n a  l 

Non func t~ona  l 

Funct lona l 

Non func t~ona l  

Funct ions l 

Funct lona l 

Nonfunctlona l 

Nonfunct lona l 

Nonfunct lona l 

Funct I ona l 

Nonfunct lona l 

N o n f u n c t ~ o n a l  

Nonfunct lona l 

Funct lona l 

Funct 1 ona l 

Funct lona l 

FUnCtlOna l 

Funct lona l 

Funct lona l 

Funct I ona l 

None 

Fau l t y  
m a t e r ~ a l /  
co l l apsed  

Other  

Overtoppea/ 
f lanked 
o t h e r  

None 

None 

Overtopped/ 
f l anked  

Other  

None 

None 

None 

Fau l t y  
material/ 
f l anked /  
overtopped 

None 

Other 

None 

Overtopped/ 
f l anked  

Other  

None 

Overtopped 

~ ~ n e  

Mlnor  

Rebul I d  

Major  

R e b u ~ l d  

Mlonr  

Manor 

Rebul I d  

Rebus I d  

None 

Mcnor 

None 

Rebul I d  

Rebul I d  

MaJOr 

None 

Major  

Minor 

Mlnor  

Mtnor  

Manor 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

-- 
Dangerous plpes, 
twisted ~ r o n  

B l u f f  f a ~ l t n g  b y  
slump, s l  ~ d e ,  
and f l o w  

- - 

B l u f f  f a t r l y  s t a b l e  

Acc re t i on  t o  nor th,  
e ros lon  t o  south 

B l u f f  fa1 long 
c o n s ~ d e r a b l y  

Very severe ly  
eroded area 

Submerged 

New la rge  seawa l l 

Dangerous P I  l e  o f  
conc re te  and I ron 

 luff f a l l l n g  by 
l a rge  slumps 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

7/76 

 luff f a l l l n g  b y  
slump and s l  ~ d e  

Boathouse w l t h  
do lom l te  g r o l n  

Bulkhead mos t l y  
bu r led  l n  
beach g rave l  

- - 

Substant la  l beach 
t o  n o r t h  and south 

Concrete re  ~ n f o r c e d  
wath do loml te  

- - 
Cons o derab l e slump I ng 

t o  south 



Source: Wlsconsln Department of  Natura l  Resources, Wlsconsln Coastal Management Program, and SEWRPC. 

Appendix A (continued) 

Comments 

Concrete reunforced 
w ~ t h  dolomtte 

Placed landward 
o f  e x l s t l n g  

r l p r a p  

B l u f f  graded 
and f t l l e d  

S t ruc tu re  
Type 

Groin 

Revetment 

Revetment 

Cond l t l on  
o f  

S t ruc tu re  

Functional 

-- 

-- 

Ma lntenance 
Requ! red 

Mlnor 

- - 

-- 

Types 
o f  

Fa I l u r e  

None 

- - 

-- 

Date 
Inven to r led  

7/76 

1/78 

9/78 

Length M a t e r l a l  
o f  / Compost t~on 

S t ruc tu re  o f  
( f e e t 1  , S t ruc tu re  

60 1 Stone/poured 

146 

115 

U. S. Pub1 IC 
Land survey Locat lon 

concrete 

Stone 

Broken 
concrete 

Phystcal S e t t ~ n g  

Townshtp 

3N 

1N 

3N 

Beach 
Wtdth 
( f e e t )  

-- 

20 

-- 

B lu f f  
Helght 
( f e e t )  

20 

30 

30 

Range 

23E 

23E 

------ 
23E 

Sect lon 

32 

16 

28 

B l u f f  
Slope 

(degrees) 

25 

34 

29 

Percent 
o f  B l u f f  
Vegetated 

10 

-- 

-- 



Appendix B 

METHODS OF BLUFF RECESSION MEASUREMENT 

INTRODUCTION 

For the purposes of the Racine County Lake Michigan coastal erosion study, 
shoreline erosion and bluff recession were estimated by measuring the change 
in the location of the edge of the bluff along the Lake Michigan shoreline, 
as shown on topographic maps or aerial photographs, over a specified time 
period. Bluff recession rates presented in this report were estimated by 
Keillor-DeGroot , ' Schneider, et al. , and the Southeastern Wisconsin 
Regional Planning Commission. All measured recession distances were converted 
to annual recession rates by dividing by the measured recession period. 

KEI LLOR-DEGROOT 

Bluff recession rates as reported by Keillor-DeGroot were measured from large- 
scale topographic maps prepared for Racine County by the firm of Alster and 
Associates, Inc., Madison, Wisconsin, to standards and specifications promul- 
gated and prepared by the Southeastern Wisconsin Regional Planning Commission. 
These maps have a scale of 1:2400 (1" = 2001), and a vertical contour interval 
of two feet. One set of maps was compiled from aerial photography taken at 
several different times from April 4, 1968, through December 1, 1971. A second 
set of maps was compiled from aerial photography taken in 1976. The maps are 
based upon a monumented control survey network and meet National Map Accuracy 
Standards. The control survey network combined the U. S. Public Land Survey 
system with the Wisconsin State Plane Coordinate System so that cadastral and 
earth science data shown on the maps would be precisely and accurately corre- 
lated, a characteristic of the maps that is important to this study. The two 
sets of maps permitted the use of comparative measurements for determining the 
recession which had occurred during the given time intervals. Measurements were 
made at 101 locations by determining the distance from the bluff edge to a sta- 
t ionary landmark. 

The maps sets were reproduced on translucent polyester film with a 0.1 inch 
interval grid system placed beneath the maps to facilitate the measurements. 
Each map set was oriented with its south U. S. Public Land Survey section or 
quarter section line parallel to and coincident with a lateral line on the 
grid system. Measurements were made along these grid lines and, therefore, 
were parallel to the south section or quarter section line. 

'J. P. Keillor and R. DeGroot, Recent Recession of Lake Michigan Shorelines in 
Racine County, Wisconsin, Volume 2, Appendix, March 1, 1978. 

'A. F. Schneider, et al. , Shore Erosion Study Technical Report, Appendix 1 and 
Appendix 2, February 1977. 



Measurements were made with a glass scale (a Bausch and Lomb Microline Super 
Gage) graduated to 0.001 inch. A 40-power microscope mounted on the instrument 
allowed accurate reading of the scale. Mounted on the 40-power microscope was 
a 10-power spotting microscope which was used for precise location of the 
measurement sites . 

Bluff edge recession was defined as the linear retreat measured perpendicular 
to the bluff edge. Since the majority of measurements were not made perpendi- 
cular to the bluff edge, a correction factor was used to standardize the mea- 
surements. The acute angle between the bluff edge and the measurement line was 
determined. The measured recession rate multiplied by the sine of the angle 
gave the corrected recession rate; that is, the recession rate perpendicular 
to the bluff edge. 

An analysis of the error which could have occurred during the bluff recession 
measurement procedure applied by Keillor-DeGroot identified seven sources of 
possible error: 

1. Instrument accuracy, 

2. Operator error, 

3. Map reproduct ion, 

4. Cartographic procedures, 

5. Bluff edge locat ion, 

6. Obscured bluff edge, and 

7. Human intervention or modification of the bluff. 

Instrument accuracy, operator error, and map reproduction were found to produce 
a very small (+0.05 percent) error and were not considered of major concern. An 
obscured bluff edge and human modification of the bluff could cause inconsis- 
tencies in the recession measurements, but these factors are readily identi- 
fied. Cartographic procedures and the proper location of the bluff edge were 
found to be a potential source of substantial error, with the maximum error 
probable for any measured recession rate being + 0.8 feet per year. 

SCHNEIDER, E T  AL 

Both long-term and short-term bluff recession rates were reported by Schneider, 
et al. The long-term erosion rates were developed from a variety of sources 
of data--including the original U. S. Public Land Survey notes and maps--by the 
U. S. Army Corps of Engineers. Short-term recession rates were measured from 
aerial photographs at a scale of 1: 12000 (1" = 1000') to 1:20000 (1" =1667') 
that were taken over a period of 10 to 15 years. The measurements were made by 
plotting shoreline positions from the older photograph onto the most recent 
photograph and measuring the distance of recession with a Bausch and Lomb 
Microline Super Gage. Recession distances were measured on the maps to the 
nearest 0.0005 inch. 



REGIONAL PLANNING COMMISSION 

The Regional Planning Commission measured bluff recession for the period of 
1963 through 1980, and for 1975 through 1980. Measurements were made on ratioed 
and rectified aerial photographs having a scale of 1" = 400' and 1" = 2000'. 

The distance from a stationary landmark nearest to the Keillor-DeGroot measure- 
ment sites to the bluff edge was determined on each set of photographs. On the 
photographs having a scale of 1" = 400', measurements to the nearest 1160th 
of an inch were made using an engineering scale and a magnifying lens. On 
the photographs having a scale of 1" = 2000', measurements were made with 
a glass scale graduatedto 0.001 inch (a Bausch and Lomb Microline Super Gage). 
A 40-power microscope mounted on the instrument allowed accurate reading of 
the scale. All measurements were made parallel to the south section or quarter 
section line. These measurements were corrected, using the same procedure 
applied by Keillor-DeGroot, to calculate the bluff recession rate perpendi- 
cular to the bluff edge. 

The aerial photographs were corrected for tilt and vertical distortion by the 
ratio and rectification procedures. However, minor variations in scale and 
relief displacement errors occurred on the maps. Therefore, minor variations 
in scale were corrected by determining the exact scale of the map within each 
coastal erosion analysis reach. Exact scale was determined by comparing the 
distance between two known points on the map to the same distance as measured 
on a large-scale (1" = 200') topographic map. Relief displacement errors could 
be significant if the elevation of the top edge of the bluff changed by more 
than six meters (approximately 19.7 feet) over the measurement period. How- 
ever, the change in the elevation of the bluff edge was found to be very minor, 
generally less than four feet. Consequently, relief displacement errors are not 
significant. Other errors related to instrument use, operator procedures, and 
cartogrpahic procedures would be similar to those analyzed byKeillor-DeGroot. 

'c. H. Everts and D. C. Wilson, Base Map Analysis of Coastal Changes Using 
Aerial Photography, U. S. Army Corps of Engineers. Technical Paper No. 81-4, 
November 198 1. 
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Appendix C 

GLOSSARY OF SHORELINE EROSION-RELATED TERMS 

BEACH: An area of unconsolidated material which extends landward from the ordi- 
nary low-water line to the line marking a distinct change in physiographic form 
or the beginning of permanent terrestrial vegetation. 

BLUFF: A high, steep bank or cliff located to the landward side of a beach. 

BLUFF RECESSION RATE: The rate at which the bluff recedes because of erosion 
by the water body and because of unstable slope conditions. 

BREAKWATER: An offshore barrier which breaks the force of waves and provides 
shelter from wave action. 

BULKHEAD: A structure of wood, stone, concrete, or steel erected along and 
parallel to a portion of a shoreline primarily to prevent erosion and other 
damage by wave action. Also called a seawall. 

FLANKING: A cause of failure of shore protection structures where the sides of 
the structure are eroded by wave action. 

GROIN: A structure projecting outward from the shore designed to protect the 
shore from erosion and to arrest sand movement along the shore, thereby encour- 
aging the formation of increased beach widths. 

GROSS STABLE SLOPE DISTANCE: The total horizontal distance of a bluff with 
a stable slope. In Racine County, a stable bluff slope along the Lake Michigan 
shoreline may be assumed to have an angle with the horizonal of approximately 
22'. This bluff slope would result in a gross stable slope distance which is 
about two and one-half times the bluff height. 

GROUNDWATER SEEPAGE: The movement of water--through cracks, pores, and inter- 
stices--out of a material body. Groundwater seepage from bluff faces may 
decrease the grain-to-grain contact pressure in the soil, reduce the frictional 
resistance of the soil to stress, and add weight to the bluff. Groundwater 
seepage may result in soil flow. 

HYDROLOGIC SOIL GROUP: A soil classification system based on soil infiltration 
capacity, permeability, and drainage. Well-drained soils may have higher levels 
of groundwater seepage, which contribute to bluff slope instability. Poorly- 
drained soils generate higher levels of surface water runoff which increase 
surface soil erosion. 

INTERMITTENT STREAMS: A stream that flows only in direct response to precipita- 
tion, and the channel of which may be dry during portions of the year. 

LONGSHORE CURRENTS: Water currents running generally parallel to the shoreline 
and usually caused by waves breaking at an angle to the shoreline. Longshore 
currents transport sediment parallel to the shore. 



NET STABLE SLOPE DISTANCE: The gross stable slope distance minus the existing 
horizontal distance of the bluff slope. It represents the distance that the 
top of the bluff would need to recede, or be regraded, to form a stable bluff 
slope which would not likely be affected by major bluff recession processes 
such as slumping or sliding . 
NONSTRUCTURAL EROSION RISK DISTANCE (RACINE COUNTY): The distance from the 
existing bluff edge which is expected to be affected by continued bluff reces- 
sion, or by regrading ofthe bluff face to a stable slope (the net stable slope 
distance). This distance applies to those shoreline areas which are not pro- 
tected, or planned to be protected, by shore protection structures. 

NONSTRUCTURAL SETBACK OVERLAY DISTRICT DISTANCE (RACINE COUNTY): For Lake 
Michigan shoreland areas not recommended to be protected by properly designed, 
constructed, and maintained shore protection structures, the distance from 
the existing bluff edge which is expected to be affected by shoreline erosion 
and bluff recession over a 50-year period, or by regrading of the bluff slope 
as needed to achieve a stable slope. The nonstructural setback distance also 
includes a minimum facility setback distance. 

OVERTOPPING: A condition where the water level, or wave heights, exceed the top 
of a shore protection structure. Overtopping can remove small particles from 
the foundation of a structure thereby weakening that foundation. 

PERENNIAL STREAMS: A stream which flows continuously at all seasons of the 
year. Perennial streams are usually fed by groundwater. 

PHREATIC: The upper boundary of the water table in soils, which may contribute 
to springs, seeps, and wells. 

REVETMENT: A facing of stone, concrete, or other material placed to protect 
a shore from erosion by wave action. 

RILL AND GULLY FLOW: The concentrated, channelized flow of water over the soil 
surface during and following a rainfall. 

SEAWALL: A structure of wood, stone, concrete, or steel erected along and 
parallel to a portion of a shoreline primarily to prevent erosion and other 
damage from wave action. Also called a bulkhead. 

SHEAR STRENGTH: The greatest shear stress which can be resisted by a material. 

SHEAR STRESS: The tendency of adjacent soil particles, when under stress, to 
slide past each other. When shear stress exceeds shear strength, the slope 
becomes unstable. 

SHEETWASH: The unconfined flow of water over the soil surface during and fol- 
lowing a rainfall. 

SHORE PROTECTION STRUCTURES: Structures which are intended to reduce shoreline 
erosion and bluff recession by providing an artificial protective barrier 
against direct wave and ice attacks on the beach and bluff toe, by increasing 



the  extent of the  beach avai lable  t o  absorb wave energy before the  water 
reaches the  b lu f f ,  by diss ipat ing wave energy, and/or by s t ab i l i z ing  the  bluff 
slope. Shore protection s t ructures  include bulkheads or  seawalls, revetments, 
groins,  breakwater, and slope s t ab i l i z a t i on  measures. 

SLIDING: A type of slope f a i l u r e  where material  moves along a s ing le  s l i d e  
plane. 

SLUMPING: A type of rapid slope f a i l u r e  where a f a i r l y  large s o i l  mass s l i d e s  
on a curved surface,  usually ro ta t ing  so t h a t  the  top of the  slump block is 
t i l t e d  back and toward the  slope. 

SOIL FLOW: A type of slope f a i l u r e  where t he  s o i l  becomes saturated with water 
and the  s o i l  mass actual ly  l i q u i f i e s  and moves l i k e  a f l u id .  Flows may be 
caused by surface water runoff, groundwater seepages, and the  melting of i n t e r -  
granular i c e .  

SOLIFLUCTION: Soi l  flow resu l t ing  from freeze and thaw ac t iv i t y  which satu-  
r a t e s  the  s o i l  and reduces shear strength.  

STRUCTURAL EROSION RISK DISTANCE (RACINE COUNTY): The distance from the  ex i s t -  
ing bluff  which i s  expected t o  be affected by regrading the  bluff  t o  a s t ab l e  
slope ( the  net  s t ab l e  slope dis tance) .  This distance applies t o  those shore- 
l i n e  areas which a re  protected,  o r  planned t o  be protected, by shore protec- 
t i o n  s t ruc tures .  

STRUCTURAL SETBACK OVERLAY DISTRICT DISTANCE (RACINE COUNTY): For Lake Michigan 
shoreland areas recommended t o  be protected by properly designed, constructed, 
and maintained shore protection s t ruc tures ,  t he  distance from the  exis t ing 
bluff  edge which would be l o s t  by regrading the  bluff  slope as  needed t o  
achieve a s t ab l e  slope. The s t ruc tu ra l  setback distance a lso includes a mini- 
mum f a c i l i t y  setback distance.  

WAVE REFRACTION: The bending of waves near the  shoreline due t o  var ia t ions  i n  
the  water depth. 
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Appendix D 

SUGGESTED AMENDMENTS TO THE RACINE COUNTY ZONING ORDINANCE 
TO INCORPORATE SPECIAL REGULATIONS FOR EROSION RISK 
SETBACK DISTANCES ALONG THE LAKE MICHIGAN SHORELINE 

1. Repeal and recreate Section 7.016 to read as follows: 

7.016 Severability and Nonliability 
If any section, clause, provision, or portion of this Ordinance is 
adjudged unconstitutional or invalid by a Court of competent jur- 
isdiction, the remainder of this Ordinance shall not be affected 
thereby. 

The County does not guarantee, warrant, or represent that only 
those areas designated as floodlands will be subject to periodic 
inundation and hereby asserts that there is no liability on 
the part of the County Board of Supervisors, its agencies, or 
employees for any flood damages that may occur as a result of 
reliance upon, and conformance with, this Ordinance. 

The nonstructural setback distance provisions for the Lake Michi- 
gan shoreland are considered the minimum reasonable requirements 
necessary to reduce bluff recession damages to facilities for 
an anticipated 50-year hazard period. These requirements are 
based upon engineering, geological, and other scientific studies 
and principles. Higher rates of erosion may occur. Erosion rates 
may be increased by natural causes such as major storms or high 
lake levels or by man-made causes such as construction activi- 
ties. Similarly, compliance with the structural setback distances 
set forth in this Ordinance is assumed to provide reasonable pro- 
tection from further bluff recession if the shore protection 
structures are properly designed, constructed, and maintained. 
However, even proper protection structures meeting all of the 
required criteria may fail during major storm events or other 
natural occurrences. 

These regulations do not guarantee or warrant that development 
in compliance with its terms will be protected from all erosion 
damage. Reliance on these regulations shall not create liability 
on the part of the County Board of Supervisors, its agencies, or 
employees for any erosion damages that may occur as a result of 
reliance upon, and conformance with, this Ordinance. 

2. Repeal and recreate Section 7.028 to read as follows: 
. 

7.028 Shoreland Regulations 
In addition to any other applicable use, site, or sanitary regu- 
lations, the following restrictions, and regulations shall apply 
to shorelands : 



Tree cutting and shrubbery clearing are prohibited except for 
home and park site development, access roads, customary trimming, 
dead tree removal, stream and drainage projects approved by the 
County Land Use Committee, and managed timber harvesting under 
a state district forester's plan within the following distance 
from high-water elevation: 

Lakes 50 acres or more in area 
Lakes less than 50 acres in area 
Navigable streams 
All other streams 

300 feet 
200 feet 
100 feet 
50 feet 

Within the Lake Michigan shoreland area, such tree cutting and 
shrubbery clearing, except for the permitted uses noted above, 
shall be prohibited within the Structural Setback Overlay Dis- 
trict and the Nonstructural Setback Overlay District, as defined 
in Section 7.031. 

Site, road (except roads used primarily for agricultural pur- 
poses), path, and trail development and all other cutting and 
trimming within the shoreland area may be conditional uses 
requiring review, public hearing, and approval by the County 
Land Use Committee or may be subject to review and approval by 
the Zoning Administrator in accordance with Section 7.040 of 
this Ordinance. 

Earth movements and soil disturbance activities such as grading, 
topsoil removal, filling, road cutting, construction, altering, 
or enlargement of waterways, removal of stream or lakebed mate- 
rial, excavation, channel clearing, ditching, dredging, lagooning, 
and soil and water conservation structures may be conditional 
uses requiring review, public hearing, and approval by the County 
Land Use Committee or may be subject to review and approval by 
the Zoning Administrator in accordance with Section 7.040 of this 
Ordinance, in addition to the permit required from the state 
agency having jurisdiction under Sections 30.11, 30.12, 30.19, 
30.195, and 30.20 of the Wisconsin Statutes. 

All structures, except public utilities; public recreation facili- 
ties; one-family dwellings in the R-1, R-2, R-3, and R-8 Residen- 
tial Districts; and all structures in the B-6 Business District, 
shall be not closer than the following distances from the high- 
water elevation: 

Lakes 50 acres or more in area 300 feet 
Lakes less than 50 acres in area 200 feet 
Navigable streams 100 feet 
All other streams 50 feet 

Within the Lake Michigan shoreland area, the construction of new 
permanent residential, institutional, commercial, industrial, 
agricultural, and transportation structures is prohibited within 
the SSO Structural Setback Overlay District and the NSO Nonstruc- 
tural Setback Overlay District, as defined in Section 7.031. 



Within the  NSO Nonstructural Setback Overlay D i s t r i c t ,  reloca- 
t ab l e  s t ruc tures  may be allowed as a conditional use provided 
t h a t ,  1) the  property extends su f f i c i en t ly  outside the  NSO Non- 
s t ruc tu ra l  Setback Overlay D i s t r i c t  so t h a t  the  s t ruc ture  can 
be relocated outside the  NSO Dis t r i c t  i n  the  future,  and 2) the  
s t ruc ture  i s  c e r t i f i e d  by a professional building moving contrac- 
t o r  as being relocatable a t  a cost  not exceeding 30 percent of 
the  estimated equalized value of the  s t ruc ture .  This conditional 
use requires review, public hearing, and approval by t he  County 
Land Use Committee or  may be subject  t o  review and approval by 
t he  Zoning Administrator i n  accordance with Section 7.040 of t h i s  
Ordinance. Relocatable s t ructures  a re  not allowed as conditional 
uses within the  SSO Structural  Setback Overlay D i s t r i c t .  

Grazing, l ivestock watering and feeding, and application of f e r -  
t i l i z e r s  s h a l l  be prohibited unless conducted i n  accordance with 
the  County's Conservation Standards, as such standards a re  formu- 
la ted and adopted by the  County Land Use Committee. 

Where S ta te  Sta tutes  (Section 30.18, 144.025(2) and 144.555) 
require a s t a t e  permit fo r  surface waters withdrawal, diversion 
or  discharge for  i r r i ga t i on ,  processing, cooling or  any other 
purpose, then such a c t i v i t i e s  may be a conditional use requiring 
review, public hearing and approval by t he  County Land Use Com- 
mittee or  may be subject t o  review and approval by the  Zoning 
Administrator i n  accordance with Section 7.040 of t h i s  Ordi- 
nance. The County Land Use Committee s h a l l  advise the  s t a t e  agency 
having ju r i sd ic t ion  of the  r e su l t s  of the  public hearing or  the  
Zoning ~ d m i n i s t r a t o r ' s  review and whether the  conditional use 
was approved. 

In  order t o  help prevent and control  fur ther  erosion and conse- 
quent sedimentation of the  surface waters of Racine County, crop 
production on lands t h a t  a re  severely eroded is prohibited,  and 
such lands s h a l l  be planted t o  permanent vegetation. For the  
purposes of t h i s  Ordinance, a l l  lands designated by the  U. S .  So i l  
Conservation Service as having an erosion factor  of three  or  more, 
as shown on the  operational s o i l  survey maps on f i l e  with the  
Zoning Administrator, sha l l  be considered as being severely 
eroded. An erosion factor  of three  means t ha t  three-fourths o r  
more of the  surface s o i l  has been removed by erosion. 

With respect t o  t he  application of t h i s  sect ion during such time 
period, i f  any, when any Racine County town s h a l l  not have adopted 
t h i s  Ordinance and re la ted zoning map, see Section 7.017 of t h i s  
Ordinance. 

3. Repeal and recreate  Section 7.031 t o  read as follows: 

7.031 Establishment 
For the  purpose of t h i s  Ordinance, the  County of Racine, Wiscon- 
s in ,  is hereby divided in to  27 basic use d i s t r i c t s  and f i ve  over- 
lay d i s t r i c t s ,  as  follows: 



R - 1  
R-2 
R-3 
R-3A 
R-4 
R-5 
R-6 
R-7  
R-8 
P-1 
P-2 
C - 1  
B - 1  
B-2 
B-3 
B-4 
B -5 
B-6 
A- 1 
A-2 
A-3 
A-4 
M- 1 
M-2 
M-3 
M-4 
FW 
FCO 
FFO 
GFO 
SSO 
NSO 

Country Esta te  D i s t r i c t  
Suburban Residential  D i s t r i c t  (unsewered) 
Suburban Residential  D i s t r i c t  (sewered) 
Suburban Residential  D i s t r i c t  (sewered) 
Urban Residential  D i s t r i c t  I 
Urban Residential  D i s t r i c t  I1 
Two-Family Residential  D i s t r i c t  
Multifamily Residential  D i s t r i c t  
Planned Residential  D i s t r i c t  
I n s t i t u t i ona l  Park D i s t r i c t  
Recreational park D i s t r i c t  
Resource Conservancy D i s t r i c t  
Neighborhood Business D i s t r i c t  
Community Business D i s t r i c t  
Commercial Business D i s t r i c t  
Planned Business D i s t r i c t  
Highway Business D i s t r i c t  
Water-Oriented Business D i s t r i c t  
General Farming D i s t r i c t  I 
General Farming and Residential  D i s t r i c t  I1 
General Farming D i s t r i c t  I11 
Truck Farming D i s t r i c t  
Light Indus t r i a l  and Office D i s t r i c t  
General Indus t r i a l  D i s t r i c t  
Heavy Indus t r i a l  D i s t r i c t  
Quarrying D i s t r i c t  
Urban Floodway D i s t r i c t  
Urban Floodplain Conservancy Overlay D i s t r i c t  
Urban Floodplain Fringe Overlay D i s t r i c t  
General Floodplain Overlay D i s t r i c t  
S t ruc tu ra l  Setback Overlay D i s t r i c t  
Nonstructural Setback Overlay D i s t r i c t  

Boundaries of these  d i s t r i c t s ,  except f o r  t he  f loodplain and 
s t r u c t u r a l  and nonstructural  setback d i s t r i c t s ,  a r e  hereby estab- 
l i shed as shown on a s e r i e s  of maps e n t i t l e d  "zoning Maps, County 
of Racine,  isc cons in," dated 19,, which accompany 
and a r e  a pa r t  of t h i s  Ordinance. Unless otherwise noted on t h e  
zoning map, such boundaries s h a l l  be construed t o  follow: corpor- 
a t e  l i m i t s ;  U .  S. Public Land Survey l i ne s ;  l o t  o r  property l i ne s ,  
cen te r l ines  of s t r e e t s ,  highways, a l l ey s ,  easements, and r a i l r oad  
rights-of-way o r  such l i ne s  extended. Where a C - 1  Resource Con- 
servat ion D i s t r i c t  i s  delineated on t h e  zoning d i s t r i c t  map i n  
a l i nea r  form along a perennial  o r  in te rmi t t en t  watercourse, t he  
d i s t r i c t  boundaries s h a l l  be construed t o  be t he  following unless 
otherwise noted on t he  zoning d i s t r i c t  map: 

a .  100 f e e t  from the  ordinary high water mark of perennial  
streams. 

b.  50 f e e t  from the  ordinary high water mark of in te rmi t t en t  
streams. 



Boundaries of the  floodland zoning d i s t r i c t s  s h a l l  be determined 
as follows: The boundaries of the  GFO General Floodplain Overlay 
D i s t r i c t  s h a l l  be determined through t he  use of flood p ro f i l e s  
published i n  the  Flood Insurance Study--Racine County, Wisconsin 
Unincorporated Areas by t he  Federal Emergency Management Agency 
(FEMA), Flood Insurance Administration and dated October 1, 1981. 
The information contained i n  the  flood insurance study is fu r the r  
i l l u s t r a t e d  on t he  FEMA Flood Insurance Rate Maps and Floodway 
and Flood Boundary Maps, dated April 1, 1982, and t he  boundaries 
a r e  depicted on t he  large  s ca l e  topographic mapping of Racine 
County. The boundaries of t h e  FW Urban Floodway D i s t r i c t  s h a l l  

t t  be determined by use of t he  s ca l e  contained on the  Supplementary 
Floodland Zoning Map, County of Racine, Wisconsin," dated April 1, 
1982, which accompanies and is  made a pa r t  of the  Ordinance. The 
boundaries of the  FCO Urban Floodplain Conservancy Overlay D i s -  
t r i c t  and t he  FFO Urban Floodplain Fringe Overlay D i s t r i c t  s h a l l  
be determined by t he  floodland l i m i t s  shown on the  Supplementary 
Floodland Zoning Map. Where a con f l i c t  ex i s t s  between t he  flood- 
land l i m i t s  as  shown on t he  map and ac tua l  f i e l d  condit ions,  t h e  
e levat ions  from the  100-year recurrence i n t e rva l  flood p ro f i l e s  
contained i n  t he  Flood Insurance Study s h a l l  be t he  governing 
fac to r  i n  locat ing t h e  regulatory floodland l i m i t s .  

Vacation of public s t r e e t s  and a l l eys  s h a l l  cause t he  land vacated 
t o  be automatically placed i n  t he  same d i s t r i c t  as the  abutt ing 
s i de  t o  which the  vacated land rever t s .  

Boundaries of the  s t r u c t u r a l  and nonstructural  setback overlay 
d i s t r i c t s  s h a l l  be determined as follows. The boundaries of t he  
SSO St ruc tu ra l  Setback Overlay D i s t r i c t  s h a l l  be determined 
through the  use of t he  following equation es tabl ishing a setback 
dis tance  from the  ex i s t ing  Lake Michigan bluff  edge: 

[ S O  Structural Setback = Horizontal dlstance requlred to achieve Mlnxrnum facillty 
Overly D t  D a n c e  one on two and one-half stable bluff slope + setback dzstance] 

The s t a b l e  slope dis tance  and the  minimum f a c i l i t y  setback d i s -  
tance a r e  described i n  Section 7.0310. 

The boundaries of the  NSO Nonstructural Setback Overlay D i s t r i c t  
s h a l l  be determined through the  use of the  following equation 
es tab l i sh ing  a setback dis tance  from the  ex i s t ing  Lake Michigan 
bluff  edge: 

["" Nonstructural Setback - H o r ~ m t a l  d1stan.e requ~red to ach~eve (Average annual bluff + Minimum facility 

4 .  Create Section 7.0310 t o  read as  follows: 

7.0310 S t ruc tu ra l  and Nonstructural Setback Overlay D i s t r i c t s  
SSO St ruc tu ra l  Setback Overlay D i s t r i c t  

The SSO St ruc tu ra l  setback Overlay D i s t r i c t  i s  intended t o  
be used t o  p ro tec t  people and property from shore erosion 
damage i n  Lake Michigan shoreland areas which a r e  recommended 



to be protected by properly designed, constructed, and main- 
tained shore protection structures. This overlay district 
applies to those Lake Michigan shoreline areas which are 
located south of the northern one-half of Township 4 North, 
Range 23 East, Section 8, in the Towns of Caledonia and 
Mt. Pleasant. In addition, the SSO district applies to the 
northernmost 1,300 feet of Lake Michigan shoreline in Sec- 
tion 6 of the Town of Caledonia, Township 4 North, Range 23 
East, which is covered by fly ash deposits. All new develop- 
ment within this overlay district shall be adequately pro- 
tected by properly designed, constructed, and maintained 
shore protection structures or measures. Such structural 
protection measures shall meet the criteria established in 
~ecommendations of the Racine County Technical Subcommittee 
on Shoreland Develo~ment Standards to the Racine Countv Land 
Use Committee, 198;. In delineating the SSO districi, the 
required recession or regrading of the bluff needed to form - 
a stable slope, plus a minim& facility setback distance, 
shall be computed. The provision of the stable slope provides 
protection against further major bluff recession, as long as 
the shore protective structures are effective. This stable 
slope distance is measured from the existing bluff edge. The 
minimum facility setback distance is then measured from the 
edge of the regraded bluff needed to form a stable slope. 
The minimum facility setback distance provides a safety 
factor against possible failure of the protective structures 
during extreme storm events or other natural occurrences, 
and provides a buffer area which helps protect the regarded 
bluff edge from excessive surface water runoff and from the 
potential bluff instability which could be caused by the 
additional weight of buildings being placed close to the 
bluff edge. In addition, the minimum facility setback dis- 
tance provides an area which may be effectively utilized 
to facilitate surface water and subsurf ace water drainage 
and control. 

The distance required to achieve a one on two and one-half 
stable slope is set forth in Table 12, page 65 of SEWRPC 
Community Assistance Planning Report No. 86, A Lake Michigan 
Coastal Erosion Management Study for Racine County, Wiscon- 
sin, and shall be used to determine the stable slope dis- - 
tance. Minimum facility setback distances measured from the 
edge of the net stable slope distance shall be as follows: 

a. 200 feet for all structures except public utilities, 
public recreational facilities, and single-family resi- 
dential units. 

b. 100 feet for public utilities, public recreational 
facilities, and single-family residential units. The 
minimum setback distance shall be reduced in areas of 
existing facility development to the average distance 



from the edge of the net stable slope distance to 
adjacent structures within 100 feet of the structure, 
although the minimum setback distance shall not be 
less than 50 feet from the edge of the net stable 
slope distance . 

The calculated structural setback overlay district distance 
may be modified upon submittal by an applicant or property 
owner of acceptable engineering analyses which indicate that 
the required distance for a stable slope is different than 
as defined in SEWRPC Community Assistance Planning Report 
No. 86, or that the height of the bluff is different than 
the assumed height. 

Principal Uses 
Surface and subsurface water drainage and control; general 
farming activities, not including the erection of structures; 
open space; outdoor recreation; yard; storage of portable 
equipment and supplies; accessory buildings such as storage 
sheds; and minor structures such as driveways, sidewalks, 
patios , and fences . 
Conditional Uses (See Section 7.0413) 
Tree cutting and shrubbery clearing, land disturbance and 
earth movements, and shore protection structures. 

Structures Prohibited 
New, permanent or relocatable residential, institutional, 
commercial, industrial, and agricultural structures designed 
for human habit at ion or the con£ inement of animals . 
NSO Nonstructural Setback Overlay District 
The NSO Nonstructural Setback Overlay District is intended 
to be used to protect people and property from shore erosion 
damage in Lake Michigan shoreland areas which are not pro- 
tected by properly designed, constructed, and maintained 
shore protection structures. This overlay district applies 
to those' Lake Michigan shoreline areas which are located 
north of the southern one-half of Township 4 North, Range 23 
East, Section 8, the Town of Caledonia, except for the 
northernmost 1,300 feet of Lake Michigan shoreline in Sec- 
tion 6 of the Town of Caledonia, which is covered by fly ash 
deposits. In delineating the NSO district, the expected bluff 
recession over a 50-year period, plus the required reces- 
sion, or regrading of the bluff needed to form a stable 
slope, plus a minimum facility setback distance from the 
regraded bluff edge, shall be computed. The NSO district 
thus includes those Lake Michigan shoreline areas which, 
based on historical bluff recession rates, are expected to 
be lost due to bluff recession, and the formation of a stable 
slope, over a 50-year period, plus a minimum facility set- 
back distance. 



The distance required to achieve a one on two and one- 
half stable slope is set forth in Table 12, page 65 of 
SEWRPC Community Assistance Planning Report No. 86, A Lake 
Michigan Coastal Erosion Management Study for Racine County, 
Wisconsin, and shall be used to determine the stable slope 
distance. Minimum facility setback distances measured 
from the edge of the net stable slope entrance shall be 
as follows: 

a. 200 feet for all structures except public utilities, 
public recreational facilities, and single-family resi- 
dential units. 

b. 100 feet for public utilities, public recreational 
facilities, and single-family residential units. The 
minimum setback distance shall be reduced in areas of 
existing facility development to the average distance 
from the regraded bluff edge to adjacent structures 
within 100 feet of the structure, although the minimum 
setback distanceshall not be less than 50 feet from the 
edge of the net stable slope distance. 

The calculated nonstructural setback overlay district dis- 
tance may be modified upon submittal by an applicant or 
property owner of acceptable engineering analyses which 
indicate that the actual bluff recession rate is different 
than as set forth in SEWRPC Community Assistance Planning 
Report No. 86, that the required distance for a stable slope 
is different, or that the height of the bluff is different 
than the height presented in the report. 

Principal Uses 
General farming activities, not including the erection of 
structures; open space, outdoor recreation; yard; storage 
of portable equipment and supplies; accessory buildings such 
as storage sheds; and minor structures such as driveways, 
sidewalks, patios and fences. 

Conditional Uses (See Section 7.0413) 
Tree cutting and shrubbery clearing, land disturbance and 
earth movements, shore protection structures, and the place- 
ment of structures or buildings which may be relocated at 
a cost not to exceed 30 percent of the equalized value of 
the structure. Although shore protection structures are, in 
general, not recommended for this overlay district, such 
structures may be allowed in certain areas. 

Structures Prohibited 
New, permanent residential, institutional, commercial, indus- 
trial, and agricultural structures designed for human habita- 
t ion or the confinement of animals. 



5 .  Repeal and recreate Section 7.0413 to read as follows: 

7.0413 Shoreland Uses 
The following may be conditional uses requiring review, public 
hearing, and approval by the County Land Use Committee: 

Tree cutting and shrubbery clearing not prohibited in Section 
7.029 of this Ordinance, provided that such cutting and clearing 
shall not exceed thirty (30) percent of the lot or tract and shall 
be so regulated as to prevent erosion and sedimentation, preserve 
and improve scenic qualities, and during foliation substantially 
screen any development from stream or lake users. Paths and trails 
shall not exceed ten (10) feet in width and shall be so designed 
and constructed as to result in the least removal and disruption 
of shoreland cover and the minimim impairment of natural beauty. 

The County Land Use Committee or the Zoning Administrator shall 
request a review of such tree cutting and shrubbery clearing 
in excess of one (1) acre by the State Department of Natural 
Resources and await their recommendations before taking final 
action but not to exceed sixty (60) days. 

Earth movements, such as grading, topsoil removal, stream course 
changing, road cutting, waterway construction or enlargement, 
removal of stream or lakebed materials, excavation, channel clear- 
ing, ditching, dredging, lagooning, and soil and water conserva- 
tion structures, provided that such uses are so regulated as to 
prevent erosion and sedimentation and to least disturb the natural 
fauna, flora, watercourse, water regimen, and topography. 

The County Land Use Committee or the Zoning Administrator shall 
request a review of such earth movement by the U. S. Soil Conser- 
vation Service District Conservationist and the State District 
Fish and Game Manager and a review of each such cutting and 
clearing from the State District Forester and await their recom- 
mendations before taking final action, but not to exceed sixty 
(60) days of such decision. 

A copy of the land use committee's or the zoning administrator's 
decision on such application shall be forwarded to the Department 
of Natural Resources and the Region 2 Water Resources Advisory 
Board within ten (10) days of such decision. 

Shore protection structures for the Lake Michigan shoreline such 
as groins, revetments, breakwaters, bulkheads and piers. All such 
structures shall meet the criteria set forth in Recommendations 
of the Racine County Technical Subcommittee on Shoreland Develop- 
ment Standards to the Racine County Land Use Committee, 1982. 

The County Land Use Committee or the Zoning Administrator shall 
request a review of such shore protection structures by the County 
Technical Subcommittee on Shoreland Development Standards and 
await their recommendations before taking final action, but not 
to exceed sixty (60) days. 



The placement of relocatable structures or buildings within the 
NSO District. 

The property owner shall submit a report from a professional 
building moving contractor certifying that the structure can be 
feasibly moved at a cost not to exceed thirty (30) percent of the 
equalized value of the structure. In addition, the property shall 
extend sufficiently outside the NSO District so that the structure 
can be relocated in the future outside the NSO District. Relocat- 
able structures are not permitted within the SSO Structural Set- 
back Overlay District. 

6. Add to Section 7.0120 
7.0120 Add to the following definitions, in the appropriate alphabetical 

order, to Section 7.0120, DEFINITIONS : 

Bluff - 
The often steeply sloped land area located to the landward side 
of the Lake Michigan beach. The edge of the bluff is shown on 
the county topographic maps as "~dge of Cliff" at a scale of one 
inch equals 200 feet. 

Bluff Recession Rate 
The rate at which the bluff recedes because of erosion by the 
waters of Lake Michigan and because of unstable slope conditions. 

Minimum Facility Setback Distance 
A component of the structural and nonstructural setback overlay 
district distances which represents a setback distance measured 
from the regraded stable sloped bluff edge which provides a safety 
factor against possible failure of shore protection structures 
or the occurrence of higher than expected bluff recession rates, 
provides a buffer area which helps protect the regraded bluff 
edge from excessive surface runoff and from the potential bluff 
slope stresses resulting from the additional weight of buildings 
being placed close to the bluff edge, and provides an area which 
may be effectively utilized for surface water and subsurface water 
drainage and control. 

Net Stable Slope Distance 
The horizontal distance that the top of the bluff would need to 
recede, or be regraded, to form a stable bluff slope, which would 
not likely be affected by major bluff recession processes such 
as slumping or sliding. The stable slope distance is one compo- 
nent of the structural and nonstructural setback overlay dis- 
trict distances. 

Nonstructural Setback Overlay District Distance 
For Lake Michigan shoreland areas not recommended to be protected 
by properly designed, constructed, and maintained shore protection 
structures, the distance from the existing bluff edge which is 
expected to be affected by shoreline erosion and bluff recession 
over a 50-year period, or by regrading of the bluff slope as 
needed to achieve a stable slope. The nonstructural setback dis- 
tance also includes a minimum facility setback distance. 



Relocatable St ructure  
A s t r uc tu r e  o r  building which can be moved by a professional  
building moving contractor t o  i t s  desired location a t  a cos t  
not t o  exceed t h i r t y  (30) percent of the  equalized value of 
the  s t ruc tu re .  

Shore Protection Structures  
St ructures  which a r e  intended t o  reduce shorel ine  erosion and 
bluff  recession by providing an a r t i f i c i a l  protect ive  b a r r i e r  
against  d i r e c t  wave and i c e  a t tacks  on t he  beach and bluff  t oe ,  
by increasing t he  extent  of the  beach avai lable  t o  absorb wave 
energy before t he  water reaches t he  b lu f f ,  by d i s s ipa t ing  wave 
energy, and/or by s t a b i l i z i n g  the  bluff  s lope.  Shore protect ion 
s t ruc tu res  include bulkheads, revetments, seawalls ,  groins,  break- 
water, and slope s t a b i l i z a t i o n  measures. 

S t ruc tu ra l  Setback Overlay D i s t r i c t  Distance 
For Lake Michigan shoreland areas recommended t o  be protected by 
property designed, constructed, and maintained shore protect ion 
s t r uc tu r e s ,  t he  dis tance  from the  ex i s t ing  bluff  edge which would 
be l o s t  by regrading the  bluff  s lope as needed t o  achieve a s t a b l e  
slope.  The s t r u c t u r a l  setback dis tance  a l so  includes a minimum 
f a c i l i t y  setback dis tance .  
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