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SOUTHEASTERN WISCONSIN REGIONAL PLANNIN 
916 NO. EAST AVENUE • P.O. BOX 769 • WAUKESHA, WISCONSIN 53187·1607 

August 25, 1984 

TO: The Honorable Mayor and Members of the City of St. Francis Common Council 

Ladies and Gentlemen: 

In March 1982, the City of St. Francis requested that the Regional Planning Commis­
sion assist the City in the conduct of a Lake Michigan shoreline erosion and related 
land use management study, the study being funded, in part, by a federal grant made 
through the Wisconsin Coastal Management Program, and in part by funds provided by 
the Wisconsin Electric Power Company and the City itself. The study was initiated 
in August 1983 and completed in August 1984, the work being carried out by the staff 
of the Regional Planning Commission, in cooperation with the staff of the City of 
St. Francis and under the guidance of an advisory committee consisting of repre­
sentatives of the Wisconsin Electric Power Company, the City of St. Francis, and 
interested and concerned citizens. This report sets forth the findings and recommen­
dations of the study. 

The study quantified the extent of shoreline erosion and bluff recession which may 
be expected to occur over time along the Lake Michigan shoreline of the City of 
St. Francis in the absence of any additional structural control measures. In this 
respect, the study indicated that the bluff recession rates within the City of 
St. Francis range up to almost six feet per year, and average almost three feet per 
year along the actively eroding shoreline reaches. This bluff recession results in 
the loss of about 0.3 acre of shoreland area per year. The study evaluated alter­
native structural shore protection measures; identified shoreline erosion risk 
distances and associated recommended setback distances for buildings and facilities 
along shoreline reaches if proper structural shore protection measures are provided, 
as well as if such measures are not provided; and resulted in a recommended set of 
regulations which may be incorporated into the existing city zoning and subdivision 
ordinances to protect proposed new urban development within those shoreland areas 
susceptible to erosion and bluff recession. 

The Regional Planning Commission is pleased to have been able to be of assistance 
to the City in the completion of this study. The Commission stands ready, upon 
request, to assist the City in presenting the information and recommendations con­
tained 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 

INTRODUCTION 

In March 1982, the City of St. Francis requested that the Regional Planning 
Commission assist the City in seeking solutions to the severe erosion problems 
occurring along the Lake Michigan shoreline bordering the site of the Wisconsin 
Electric Power Company's (WEPCo's) Lakeside electric power generating facility. 
That facility, moreover, ceased operation on October 1, 1983, presenting the 
City with a need to consider alternative means of solving the erosion problem 
and to develop related land use regulations. Subsequently, the Commission 
applied for, and obtained on behalf of the City, a grant under the Wisconsin 
Coastal Management Program in partial support of a coastal erosion and related 
land use management study for the WEPCo Lakeside property, as well as for the 
remaining Lake Michigan coastal area within the City of St. Francis. The study 
was carried out cooperatively by the staffs of the City and the Regional Plan­
ning Commission under the guidance of an advisory committee created by the 
City of St. Francis. The committee consisted of representatives of the Wis­
consin Electric Power Company, the City of St. Francis, and interested and 
concerned citizens. The functions of the Committee were to articulate the 
purpose and define the scope and content of the study, as well as to develop 
a recommended shoreline erosion control and related land use management plan 
for the Lake Michigan shoreline through the City of St. Francis. The study 
includes an inventory and analysis of the existing shoreline erosion and bluff 
recession conditions, and provides recommendations for erosion control and 
related land use management in the study area. 

DEFINITION OF COASTAL EROSION AND RELATED LAND USE MANAGEMENT 

For the purposes of this study, coastal erosion and related land use management 
is 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 and related land use 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 AND 
RELATED LAND USE MANAGEMENT STUDY 

The erosion, and subsequent recession, of coastal bluffs constitutes one 
of the most adverse impacts of coastal erosion processes. Bluff recession 
rates in the City of St. Francis study area range up to almost six feet per 
year, resulting in the loss of approximately 13,000 square feet of land each 
year, and approximately 535,000 cubic feet of shore material from the study 
area. This severe erosion is concentrated within a narrow strip of shoreline. 



Because the entire Lake Michigan shoreline within the City of St. Francis is 
owned by the Wisconsin Electric Power Company and by Milwaukee County, there 
has been no need for the City to incorporate specific shoreline setback dis­
tance requirements into its existing zoning ordinance or other shoreland 
regulations. The zoning ordinance specifies a minimum rear yard depth of 
25 feet. The city land subdivision control ordinance requires a minimum total 
lot depth of 100 feet. There is no county shoreland zoning ordinance that 
applies within the City of St. Francis. 

The significant data base set forth in this study provides an opportunity to 
refine the city zoning and land subdivision control ordinances by establishing 
development setbacks and other use restrictions related to shoreline and bluff 
recession rates, as well as to stable bluff slope configuration. Because the 
City's coastal area represents an extremely valuable resource, and because the 
competition for coastal resources is increasing, setback distances and other 
regulations are developed in this study, and structural shore protection mea­
sures and suitable land uses are evaluated. 

COASTAL EROSION AND RELATED LAND USE MANAGEMENT STUDY AREA 

The City of St. Francis coastal erosion and land use management study area 
consists of the existing 130-acre Lakeside property owned by the Wisconsin 
Electric Power Company, and the remaining 32-acre Lake Michigan shoreline area 
within the City of St. Francis, as shown on Map 1. The total study area has 
an areal extent of about 162 acres, and consists of all that portion of the 
City of St. Francis which most directly affects, and is most affected by, Lake 
Michigan resources and processes. The triangular land parcel within the study 
area located west of South Lake Drive is expected to continue to be used as 
a substation by the Wisconsin Electric Power Company. The land parcel is not 
expected to affect, or be affected by, shore protection measures. 

While this study focuses on a relatively narrow strip of land along the 
Lake Michigan shoreline, it must be recognized that the study area is set 
within the broader framework of a comprehensive local development plan. Accord­
ingly, the study recognizes, for example, the extent of existing sanitary 
sewerage and public water supply service areas affecting the study area. In 
addition, it is recognized that the Lake Michigan coastal area provides unique 
recreational opportunities which attract users from well inland. Due consid­
eration is given in the study to these and other important linkages between 
the study area and the balance of the City, the County, and the Southeastern 
Wisconsin Region. 

PURPOSE AND SCOPE 

The primary purpose of the City of St. Francis coastal erosion and related land 
use management study is to delineate high erosion risk areas along the Lake 
Michigan shoreline, to recommend measures for erosion control, and to determine 
suitable related regulations for the study area. To accomplish this purpose, 
the following specific work elements were undertaken as part of the coastal 
erosion and related land use management study: 
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1. The collation of all pertinent data relating to shoreline erosion and 
bluff recession in the study area and to the characteristics of the 
natural resource base which affect land use development. 



Map 1 

CITY OF ST. FRANCIS 
LAKE MICH IGAN 

SHORELAND STUDY AREA 

t 

Source: SEWRPC. 

2. The preparation of large-scale, one inch equals 100 feet topographic maps 
of the shoreline area of the City of St. Francis, together with attendant 
horizontal and vertical survey control, which can be used to evaluate 
existing conditions and to develop alternative coastal erosion management 
measures and land uses. 

3. The identification and mapping of high erosion risk areas and the deter­
mination of coastal recession rates, stable bluff slope angles, and areas 
of impact. 

4. The development and evaluation of alternative coastal erosion management 
measures and related land uses and land use regulations based upon the 
inventory and erosion hazard data. 

5. The recommendation of nonstructural and structural erosion control mea­
sures, the development of recommended land uses and land use regulations 
for the study area, and the determination of the means of implementing 
these recommendations. 

Control of coastal erosion in the City of St. Francis 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 
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elevations, upcurrent erosion control measures, and changing wind and wave 
characteristics contribute to and complicate this variability. Therefore, 
structural erosion control measures, as well as a continuing program of data 
collection, will be needed in addition to nonstructura1 measures for an effec­
tive erosion control program. 

The Lake Michigan coastal area of the City of St. Francis provides a potenti­
ally attractive setting for various land uses competing for the limited natural 
resource amenities. The purpose of this study is to evaluate the impacts of 
these alternative land uses on the natural resource base--particularly on 
shoreline erosion and bluff recession--and to define which land uses and land 
use regulations would be appropriate for the WEPCo Lakeside property and 
remaining coastal areas within the City of St. Francis. The recommended land 
uses should minimize shoreline erosion damages and not have an adverse effect 
on the bluff recession rates or processes. The results of this study represent 
an important step toward the development of a coastal erosion management plan 
for the City of St. Francis. 

SUMMARY 

In March 1982, the City of St. Francis requested that the Regional Planning 
Commission assist the City in seeking solutions to the severe erosion problems 
occurring along the Lake Michigan shoreline bordering the site of the Wiscon­
sin Electric Power Company1s Lakeside electric power generating facility. That 
facility, moreover, ceased operation on October 1, 1983, presenting the City 
with a need to consider potential alternative means of solving the erosion 
problem and to develop related land use reguations. Subsequently, with finan­
cial assistance from the Wisconsin Coastal Management Program, a coastal 
erosion and related land use management study of the Lakeside site and of the 
remaining coastal area within the City of St. Francis was undertaken coopera­
tively by the City and Commission staffs working under the guidance of an 
advisory committee created by the City. 

The primary purpose of this study was to identify and map high erosion risk 
areas along the Lake Michigan shoreline, to recommend measures for management 
of this coastal erosion, and to recommend appropriate land uses and land use 
regulations for the study area which are properly related to the shoreland and 
bluff recession rates and which appropriately utilize the shoreland resources. 

Coastal erosion management is defined for the purposes of this study as the 
coordination of structural and nonstructural shore protection measures designed 
to abate shoreline erosion and reduce damages which result from such erosion. 
Currently, there are no city, county, or state shoreland zoning or other land 
use regulations governing shoreland development in the City of St. Francis. 
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 
to bluff recession rates and stable slope configurations, and to define needed 
structural control measures. 

Proposing land uses suitable for the coastal area requires consideration of 
many interrelated factors. Land uses appropriate for the Lakeside property 
and remaining coastal areas within the City of St. Francis should signifi-



cantly benefit from, or be enhanced by, the shoreland area, m1n1m1ze shoreline 
erosion damages, and not have an adverse effect on the bluff recession rates 
or processes. 

Work elements undertaken as part of this study include the collection of 
coastal erosion data, the preparation of large-scale topographic maps, the 
delineation and mapping of high erosion risk areas based on existing and 
historical coastal recession rates, the evaluation of alternative erosion 
management measures and appropriate land uses, and the recommendation of 
coastal erosion management measures and related land use regulations for the 
study area. 
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Chapter II 

INVENTORY FINDINGS 

INTRODUCTION 

In order to identify and evaluate alternative structural and nonstructural 
shoreland protection measures, high-risk erosion areas must be delineated, and 
careful consideration must be given to the existing land use pattern, the 
natural resource base of the shore land area, and coastal erosion processes and 
rates and existing structural protection measures. Accordingly, this chapter 
describes the Lake Michigan shore land study area, and provides pertinent 
information on the elements of the natural resource base relevant to coastal 
erosion and related land use management, a summary of existing land use and 
zoning patterns, and a detailed analysis and inventory of the types, causes, 
and rates of shoreline erosion and bluff recession occuring within the City of 
St. Francis. 

The study area, as defined in Chapter I and shown on Map 1, generally includes 
that portion of the City of St. Francis which most directly affects, and is 
most affected by, Lake Michigan resources and processes. Certain of the data 
presented herein, including data on soils, bluff characteristics, and types and 
causes of bluff erosion, were collected by special surveys conducted under the 
study by the U. S. Department of Agriculture, Soil Conservation Service and 
the University of Wisconsin working in cooperation with the Regional Planning 
Commission. Other inventory data--such as data on the geology, groundwater 
resources, and climate of the area--were collated from existing sources. Some 
of the inventory data, such as data on existing zoning, land use, and soils, 
are presented for the entire study area. Other inventory data, particularly 
data on coastal erosion processes, rates, and problems and existing structural 
shore protection measures, are presented only for the immediate shoreland area. 
As appropriate, other data, such las data on climatic, geologic, and ground­
water conditions, are presented for adjacent inland portions of the City of 
St. Francis area as well as for the shoreland area. 

This chapter consists of seven sections. The first section describes the 
natural resource base pertinent to coastal erosion management. The second 
section discusses the existing land use pattern of the study area, and 
provides information on the comprehensive zoning district boundaries and 
related regulations within the study area. The third section describes coastal 
erosion processes. The fourth section concerns special-purpose shoreland 
development regulations. Structural shore protection measures are described 
in the fifth section, and the sixth section identifies the coastal erosion 
problems of the area. The seventh and final section presents data on historical 
bluff recession. 

NATURAL RESOURCE BASE 

This section describes those aspects of the natural resource base which affect, 
or may be affected by, coastal erosion management. Data are presented on the 
bedrock geology and glacial deposits, soils, beach and bluff characteristics, 
groundwater resources, and climate of the shoreland and related areas. 
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Bedrock Geology and Glacial Deposits 

The consolidated bedrock underlying Milwaukee County generally dips eastward~t 
a rate of 25 to 30 feet per mile. Precambrian-age crystalline rock formations 
form the basement of the bedrock and are thousands of feet thick. Cambrian 
sandstone rock formations imbedded with siltstone and shale lie above the 
crystalline rock formations and are more than 800 feet thick. Above the 
Cambrian rock formations lie Ordovician sandstone, dolomite, and shale forma­
tions whose thickness approximates 700 feet. The bedrock closest to the surface 
is composed of Silurian dolomite, primarily Niagara dolomite, which is approxi­
mately 300 feet thick in the St. Francis study area. The Silurian Formations 
are covered by glacial deposits ranging up to 100 feet in thickness within 
the study area. 

Materials directly deposited by glacial ice are called till. The St. Francis 
study area is overlain by till believed to have been deposited by ice of the 
Lake Michigan lobe during the Wisconsin stage of glaciation. Several layers 
of glacial debris can be identified in the study area. The surface layer, which 
ranges up to 115 feet in thickness, is known as the Oak Creek Formation. 1 

This formation is composed of a pebbly, silty clay loam till; lacustrine clay, 
silt, and sand; and glaciofluvial sand and gravel. This formation is believed 
to have been depos i ted between 12,500 and 14,000 years ago, when the Lake 
Michigan lobe moved southwestward out of the current Lake Michigan basin. 
During brief periods of glacial recession, lacustrine sediment was deposited. 
Directly beneath the Oak Creek Formation lies a layer known as the New Berlin 
Formation which ranges in thickness up to 70 feet and consists of a lower sand 
and gravel member and an upper till member. The New Berlin till is a coarser­
grained till, sandy in texture and dominated by pebbles, cobbles, and even 
some boulders. The gravel member is believed to have been deposited between 
14,000 and 16,000 years ago as an outwash plain in front of and around the 
advancing Delavan sublobe of the Lake Michigan lobe. Continued advance of the 
glacier deposited the till members. The Zenda Formation, whose maximum thick­
ness is unknown at this time, lies beneath the New Berlin Formation. The upper 
layer of the Zenda Formation is known as the Tiskilwa member. The till of the 
Tiskilwa member is described as medium textured, much finer than the New Berlin 
till. The Zenda Formation is believed to have been deposited by the Harvard 
sublo~e of the Lake Michigan lobe between 18,000 and 20,000 years ago. 

All three glacial formations are exposed by the bluffs within the study area. 
Within the exposed bluffs, the Oak Creek Formation ranges from 40 to 60 feet 
thick, the New Berlin Formation ranges up to 10 feet thick, and the Zenda 
Formation ranges up to 5 feet thick. The properties of these glacial deposits 
influence the resistance of the bluffs to processes such as wave erosion, and 
ultimately affect the severity and rate of bluff recession. Additional glacial 
deposits are located beneath the lake level, but do not affect shoreline 
erosion or bluff recession. 

Soils 

Soil properties influence the severity of bluff erosion as well as the manner 
in which the land can be used. Certain soil properties, such as infiltration 

lD. M. Mickelson et. a1., "Pleistocene Stratigraphic Units of Wisconsin," 
Wisconsin Geological and Natural History Survey, unpublished. 
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Map 2 

SOILS WITHIN THE CITY OF 
ST. FRANCIS LAKE MICHIGAN 

SHORELAND STUDY AREA 

LEGEND 

c=J OZAUKEE SOILS 

b] DI$TUABED SOILS 

~ 
I 

I 

E. 

E. 

1ve"''? " E VAN 
~. 

NO WI AVE 
~. 

E. V. RFORO 

E ~ DENTON 

................... " 

GREENE 
PARK 

,', '>:';';';';';':';'.' ...• 

Source: SEWRPC. 

HOWARD 
w 

BECK ~ 
AVE . 

E. 
c 
~ 
4 

~ 23 

E. LUNHAM 

capacity and permeability, will 
affect the degree of surface ero­
sion which occurs. Soil properties 
also are an important considera­
tion in the evaluation of ground­
water seepage from the bluff face. 
In the evaluation of suitable land 
uses for the study area, important 
soil properties include shear 
strength, compressibility, perme­
ability, shrink-swell characteris­
tics, depth to water table, slope, 
and bearing capacity. 

A special survey of the soils 
within the study area was con­
ducted by the U. S. Department of 
Agriculture, Soil Conservation 
Service for the Regional Planning 
Commission in November 1983. The 
results of the survey indicated 
that the soils in the study area 
are a combination of the Ozaukee 
Series classification and of dis­
turbed soils. Map 2 shows the spa­
tial distribution of soils within 
the study area. The disturbed 
soils, which primarily include 
fill areas, cover about 71 acres, 
or 44 percent of the study area, 
and in general cover the fenced­
in portion of the Wisconsin Elec­
tric Power Company power plant 
site east of -Lake Drive and the 
area immediately west of Lake 
Drive in the area of the power 
plant site. The soils natural to 
this area have been disrupted too 
extensively by human activity to 
allow an evaluation of the proper­
ties except by borings and tests. 

The Ozaukee soils cover 86 acres, or 53 percent of the study area. This soil 
type commonly develops on calcareous silty clay loams on glacial uplands. 
A large amount of surface stormwater runoff can be generated from Ozaukee soils 
because of their low infiltration capacity, low permeability, and poor drain­
age . The soil may therefore contribute substantial surface runoff over the 
top of the bluffs, causing surface erosion of the bluff face. The soil's low 
bearing capacity and high shrink-swell potential limits the type of structures 
which can be built in some portions of the study area without special design 
and construction measures. The remaining five acres, or 3 percent of the study 
area, are covered by water and are enclosed by the power company dike. 
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Bluff Characteristics 

The bluffs along the City of St. Francis shoreline of Lake Michigan exhibit 
a variety of height, slope, composition, vegetative cover, and structural 
protection conditions. These conditions affect the degree and rate of bluff 
recession along different segments of the study area. This section describes 
the physical characteristics--the height and composition--of the bluffs, as 
surveyed in December 1983. Bluff erosion processes, structural protection 
measures, s lope stability analyses, 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 in Figure 1. In the southernmost portion of the 
study area bluffs reach their maximum height of nearly 70 feet above lake 
level. Northward to the Wisconsin Electric Power Company power plant site, the 
bluffs generally range in height from 40 to 60 feet above the lake level. North 
of the power plant the bluffs generally range in height from 40 to 50 feet 
above lake level; decreasing at the southern end of Bay View Park to about 
30 feet in height. Near the northernmost portion of the study area the bluff 
heights again rise to more than 40 feet. About 28 percent of the shoreline has 
bluffs equal to or less than 40 feet in height above lake level. About 47 per­
cent of the shoreline has bluffs ranging from 41 through 50 feet in height, and 
nearly 20 percent of the shoreline has bluffs ranging from over 50 to 60 feet 
in height. Less than 5 percent of the shoreline has bluffs higher than 60 feet. 

The City of St. Francis shoreline bluffs are composed of a variety of mate­
rials. Table 2 indicates the predominant types of materials along the shore­
line, and Figure 1 shows by longitudinal section the composition of the bluffs. 
About 54 percent of the bluffs were 
well vegetated and protected in 1983 
and not actively eroding. The predomi-
nant materials within these stable 
areas were not determined. Along the 
unstable areas, Oak Creek till was 
found to be the predominant bluff mate­
rial, prevailing along approximately 
30 percent of the total shoreline, and 
along 65 percent of the total actively 
eroding shoreline. Sand and gravel were 
found to be the second most common 
bluff materials, predominating along 
about 11 percent of the total shore­
line, and along 24 percent of the total 
actively eroding shoreline. Silt and 
sand were identified as the predomi­
nant bluff material along approximately 
5 percent of the total shoreline and 
along 11 percent of the total actively 
eroding shoreline. New Berlin till, 
Tiskilwa till, silt and clay, and sand 
were also identified in the bluffs, 
but were never found to be predominant 
materials. 
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Table 1 

SUMMARY OF BLUFF 
HEIGHTS ALONG 

THE LAKE MICH IGAN 
SHORELINE OF THE 

CITY OF ST. FRANCIS 
DECEMBER 1983 

Pe rcent 
Length of Total 

Bluff of Study Area 
Height Shore line Shore line 
(feet) (feet) Length 

0-30 240 2.5 
31-40 2,500 26.0 
41-50 4,520 47.0 
51-60 1,920 20.0 
61-70 440 4.5 

Tota I 9,620 100.0 

Source: SEWRPC. 
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LONGITUDINAL SECTION THROUGH THE LAKE MICHIGAN SHORELINE OF 
THE CITY OF ST. FRANCIS SHOWING BLUFF HEIGHT AND COMPOSITION: 1983 
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Table 2 

BLUFF COMPOSITION ALONG THE LAKE MICH IGAN 
SHORELINE OF THE CITY OF ST. FRANCIS: 1983 

Percent 
Other Shore line of Total Percent of Tota I 

Predomi nant Mater i a I Length Shore line Actively Eroding 
Materia I Present (feet) Length Sho re line Leng th 

Oak Creek Ti II Sand 900 9.4 20.3 

Si It and Sand 650 6.7 14.6 
Sand and Grave I 

Sand 450 4.7 10.1 
Sand and Grave I 

Si It and Clay 290 3.0 6.5 
Si It and Sand 
Sand and Grave I 

Sand and Grave I 250 2.6 5.6 

Si It and Sand 200 2.1 4.5 
Sand and Grave I 
New Be r lin Til I 

Sand and Grave I 150 1.6 3.4 
New Be r lin Ti I I 
T i sk i I wa Till 

Subtotal -- 2,890 30.1 65.0 

Sand and Grave I Oa k Cree k Til I 300 3.1 6.8 
New Be r lin Til I 
T i sk i I wa Till 

New Be r lin Til I 300 3.1 6.8 
S i I t a nd Sa nd 

Oa k Cree k Til I 250 2.6 5.6 
New Be r lin Til I 

Si It and Sand 200 2.1 4.5 

Subtotal -- 1,050 10.9 23.7 

S i I t a nd Sa nd Oak Creek Til I 350 3.6 7.9 
New Be r lin Til I 
Sand and Gravel 

Sand and Grave I 150 1.6 3.4 
New Be r lin Til I 

Subtotal -- 500 5.2 11. 3 

Undetermined, 
Vegetated -- 5,180 53.8 --

Total -- 9,620 100.0 100.0 

Source: SEWRPC. 
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Beach Characteristics 

A beach may be defined as an area of unconsolidated material which extends 
landward from the ordinary low-water line to the line marking a distinct 
change in physiographic form, or the beginning of permanent terrestrial 
vegetation. The width of a beach and the size and character of the sedi­
ments found on beaches vary widely in response to the lake water level, the 
degree of wave action affecting the beach, the slope of the beach face and 
the near-shore lake bottom, the kinds of material available near the shore 
for the formation of beaches, and man-made structures. The beach widths were 
measured in December 1983, when the lake water level was relatively low. Beach 
widths were also observed during July 1984, when the lake water level was 
higher, and the beaches were considerably narrower than in the December survey. 

The beaches in the City of St. Francis are composed primarily of sand, gravel, 
cobbles, and boulders; small particles like silt and clay do not usually remain 
on the beach as do the large-size materials, since clay and silt are more 
readily kept in suspension and carried out into the lake. These finer materials 
tend to ultimately settle out in calmer, deeper, off-shore waters. 

South of the Wisconsin Electric Power Company power plant site, the beach is 
composed primarily of sand, gravel, and cobbles. Large boulders are also scat­
tered in areas where the New Berlin till is exposed at the base of the bluff. 
Figure 1 shows these areas. The width of the beach along this portion of the 
shoreline in December 1983 ranges from 10 to 30 feet. Sand and gravel are 
predominant along the beach north of the power plant site. The beach in this 
area is generally wider than south of the plant site, ranging from 10 feet 
wide to greater than 100 feet wide in December. The southern extent of the 
Milwaukee South Shore breakwater lessens the impact of wave action on this 
shoreline, allowing wider beaches to develop. 

Table 3 

SUMMARY OF BEACH 
WIDTHS ALONG THE 

LAKE MICH IGAN 
SHORELINE OF THE 

CITY OF ST. FRANCIS 

Length Percent of 
Beach of Study Area 
Width Shore line Shore line 
(feet) (feet) Length 

0 2,940 30.6 
1-20 2,700 28.1 

21-40 1,620 16.8 
41-60 880 9.1 > 60 1,480 15.4 

Total 9,620 100.0 

Source: SEWRPC. 

Summary data on beach widths surveyed 
in December 1983 in the City of St. 
Francis are provided in Table 3. The 
shoreline along the Wisconsin Electric 
Power Company power plant site, which 
accounts for approximately 31 percent 
of the study area shoreline, contains 
no beach, with the lake reaching the 
shore protection structures that sur­
round the plant site. About 28 percent 
of the shoreline had a beach ranging 
from 1 foot through 20 feet wide. About 
17 percent of the shoreline had a beach 
ranging from 21 feet through 40 feet 
wide, and about 9 percent had a beach 
ranging from 41 feet through 60 feet 
wide. About 15 percent of the shore­
line, located in the far northern por­
tion of the study area, had a beach 
over 60 feet wide. The wider beaches 
tend to have flatter s lopes and are 
composed of finer-grained materials, 
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whereas the narrower beaches tend to have steeper slopes and are composed of 
coarser-grained materials. 

Groundwater Resou rces 

The occurrence, distribution, direction, and quantity of flow of groundwater 
have important impacts on the stability of bluff slopes. Along the City of 
St. Francis shoreline, groundwater generally flows toward the lake and 
discharges either at, or below, the base of the bluff into the lake, or seeps 
out of the bluff face at some elevation above lake level. The presence of 
groundwater in the bluff reduces the frictional resistance to stress, creates 
a seepage pressure in the direction of water flow, adds weight to the bluff, 
and causes undercutting of bluff materials. 

There are two major aquifers beneath the St. Francis study area. These aquifers 
are commonly called the deep sandstone aquifer and the shallow Niagara dolomite 
aquifer. The aquifers differ widely in water yield capabilities and extend to 
great depths. 

The deep sandstone aquifer, which is known to be more than 1,300 feet thick, 
underlies the entire County and is composed of Cambrian- and Ordovician-age 
strata. The top of this aquifer lies about 600 feet below the surface of 
the study area. Most recharge of the sandstone aquifer is by lateral movement 
of water down the hydraulic gradient from west of the study area. 

The shallow dolomite aquifer, referred to as the Niagara aquifer, is composed 
of Silurian-age strata, and is about 300 feet thick. The top of this aquifer 
lies up to 100 feet below the surface of the study area. Recharge of this 
aquifer is by the downward seepage of precipitation which falls in the imme­
diate area. Some recharge may also be induced from Lake Michigan; however, if 
this does occur, the relatively impermeable layers of lake silt and glacial 
drift make it a very slow process. 

Above the Niagara dolomite is a layer of unconsolidated glacial deposits com­
posed primarily of till and sand and gravel. These deposits range in thickness 
up to 100 feet over the study area. The sand and gravel layers may act as 
water-bearing units. Seepage from the bluff slopes is primarily contained 
within these sand and gravel layers. 

Climate 

Air temperature and the type, intensity, and duration of precipitation events 
affect the degree and extent of shoreline erosion. Climate impacts on shore­
line erosion include freeze-thaw actions caused by water contained within the 
bluff material, high surface runoff from frozen soils in early spring, the 
reduction of wave action due to ice formation on the lake, high levels of 
surface runoff, and soil erosion following periods of heavy rainfall. 

Air temperature impacts primarily include the formation of ice on the lake, 
the initiation of freeze-thaw actions on soils, and high runoff rates from 
frozen soils. Table 4 presents average monthly air temperature variations at 
the Milwaukee National Weather Service Station for the 30-year period from 
1951 through 1980. The 3D-year period of meteorological record of 1951 through 
1980 corresponds to the World Meteorological Organization's normal climatic 
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Table 4 

AVERAGE MONTHLY 
AIR TEMPERATURE 

AT MILWAUKEE 
1951 THROUGH 1980 

Average Average 
Da i Iy Da i Iy 

Maximum Minimum 
Month (OF) (OF) 

Janua ry •••• 26.0 11.3 
Februa ry ••• 30.1 15.8 
Ma rch •••••• 39.2 24.9 
Apri I •••••• 53.5 35.6 
May •••••••• 64.8 44.7 
June ••••••• 75.0 54.7 
July ••••••• 79.8 61. 1 
August ••••• 78.4 60.2 
September •• 71. 2 52.5 
October .••• 59.9 41.9 
November ••• 44.7 29.9 
December ••• 32.0 18.2 

Annual 54.6 37.6 

Mean 
(OF) 

18.7 
23.0 
32.1 
44.6 
54.8 
64.9 
70.5 
69.3 
61.9 
50.9 
37.3 
25.1 

46.1 

Source: National Weather Service and 
SEWRPC. 

Table 5 

AVERAGE MONTHLY 
PRECIPITATION AND 
SNOW AND SLEET AT 

MILWAUKEE: 1951 
THROUGH 1980 

Average 
Total 

Prec i pita t i on 
Month ( inches) 

Janua ry •••• 1.64 
February ••• 1. 33 
Ma rch •••••• 2.58 
Apri I •••••• 3.37 
May •••••••• 2.66 
June ••••••• 3.59 
July ••••••• 3.54 
August ••••• 3.09 
September •• 2.88 
October .••• 2.25 
November ••• 1.98 
December ••• 2.03 

Year 30.94 

Average 
Snow and 
Sleet 

( inches) 

13.5 
10.5 
10.1 
2.1 

Trace 
0.0 
0.0 
0.0 

Trace 
0.2 
3.4 

11.4 

51. 2 

Source: National Weather Service and 
SEWRPC. 

period. As shown in the table, winter temperatures, as measured by the monthly 
means for December, January, and February, range from 18.7° to 25.1° F. Summer 
temperatures, as measured by the monthly means for June, July, and August, 
average from 64.9° to 70.5~ F. 

The depth and duration of ground frost, or frozen ground, influences hydrologic 
and soil erosion processes, particularly freeze-thaw activity and the propor­
tion of total rainfall or snowmelt that will run off the land. The amount 
of snow cover is an important determinant of frost depth. Since the thermal 
conductivity of snow cover is less than one-fifth that of moist soil, heat 
loss from the soil to the colder atmosphere is greatly inhibited by the 
insulating snow cover. Snow cover is most likely during the months of December, 
January, and February, during which there is at least a 40 percent probability 
of having one inch or more of snow cover, as measured at the Milwaukee weather 
station. Frozen ground is likely to exist throughout the study area for 
approximately four months each winter season, extending from late November 
through early March, with more than six inches of frost occurring in January, 
February, and the first half of March. Near-shore portions of Lake Michigan 
may begin to freeze in December, and ice breakup normally occurs in late March 
or early April. 

Precipitation within the study area takes the form of rain, sleet, hail, and 
snow, and ranges from gentle showers of trace quantities to brief but intense 
and potentially destructive thunderstorms or major rainfall-snowmelt events 
causing severe bluff and beach erosion. Average monthly and annual total pre­
cipitation and snowfall for the Milwaukee National Weather Service Station are 
presented in Table 5. The average annual total precipitation in the Milwaukee 
area was 30.94 inches over the 30-year period from 1951 through 1980. Average 
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total monthly precipitation for the Milwaukee area ranges from 1.33 inches 
in February to 3.59 inches in June. The average annual snowfall and sleet, 
measured as snow and sleet, over the 30-year period from 1951 through 1980 
was 51.2 inches. Assuming that 10 inches of measured snowfall and sleet are 
equivalent to one inch of water, the average annual snowfall of 51.2 inches 
is equivalent to 5.12 inches of water. Therefore, only about 17 percent of 
the average annual total precipitation occurs as snowfall and sleet. The 
principal snowfall months are December, January, February, and March, during 
which 89 percent of the average annual snowfall may be expected to occur. 

Extreme precipitation events may result in massive shoreline losses due to 
high levels of erosion, seepage, and slumping, A one-hour storm with an 
expected average recurrence interval of once every two years may be expected 
to have a total rainfall of about 1.2 inches. 2 A one-hour, 10-year recurrence 
interval storm may be expected to have a total rainfall of about 1.8 inches, 
and a 24-hour, 10-year recurrence interval storm may be expected to have 
a total rainfall of about 3.7 inches. Extended wet periods may also result 
in unusually high coastal losses. Over the period from 1841 through 1980, 
the maximum annual amount of precipitation at Milwaukee was 50.36 inches in 
1876, or 63 percent above the 1951 through 1980 annual average. 3 The maximum 
monthly precipitation amount was 10.83 inches, which occurred in June 1917. 

The presence of Lake Michigan tends to moderate the climate of the City of 
St. Francis. This is particularly true during those periods when the tempera­
ture differential between the lake water and the land air masses is the 
greatest. It is common, for example, for mid-day summer temperatures to be 
10°F lower in shoreline areas than in inland areas because of the cooling lake 
breezes. Lake Michigan does not have as pronounced an effect on precipitation 
as it does on temperature. A minor Lake Michigan effect is apparent in the 
late spring and summer, when there is about 0.5 inch less rainfall per month 
in coastal areas than in areas farther inland. This difference may be attrib­
uted to the cool lake waters maintaining a cooler lower atmosphere which 
inhibits convective precipitation. However, during the winter, Lake Michigan 
can serve as a source of moisture, resulting in slightly higher snowfalls near 
the lake. 

MAN-MADE FEATURES 

An understanding of the existing land use patterns and zoning regulations is 
essential to the sound formation of practical development guidelines for the 
coastal area experiencing bluff recession in the study area. Knowledge of these 
factors, along with the consideration of existing facilities and structures in 
the Wisconsin Electric Power Company power plant site, will also aid in the 
determination of which land uses and land use regulations would be appro­
priate for the power plant site and remaining coastal areas of the City of 
St. Francis. Accordingly, this section describes the existing land use and 
zoning within the study area and the facilities and structures on the power 
plant property. 

2Kurt W. Bauer, "Determination of Runoff for Urban Storm Water Drainage System 
Design," SEWRPC Technical Record, Volume Two, No.4, April-May 1965. 

3National Weather Service, Wisconsin Statistical Reporting Service, and SEWRPC. 
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Existing Land Use 

The type and spatial distribution of 
the land uses existing within the 
St. Francis coastal erosion study area 
in 1980 are summarized on Map 3. The 
areal extent of the land use cate­
gories within the study area, which 
encompasses a total of 161.5 acres, 
is presented in Table 6. The largest 
single land use category was unused 
urban land, which occupied a total of 
69.9 acres, or about 43 percent of the 
study area. Unused urban land areas 
are, by definition, lacking any inten­
sive urban use or any identifiable 
natural resource base element such as 
a woodland, wetland, or water area. 
The communication and utilities land 
use category, which includes the Wis­
consin Electric Power Company power 
plant site, covers about 49.8 acres, 
or 31 percent of the study area. The 
study area also contains approximately 
about 14 percent of the study area. This 
and water-based recreational activities. 

Existing Zoning 

Table 6 

EXISTING LAND USE 
IN THE CITY OF 

ST. FRANCIS LAKE 
MICH IGAN SHORELAND 

STUDY AREA: 1980 

Land Use Area Percent 
Category (acres) of Total 

Communication 
and Uti I ities .••••• 49.8 30.8 

Pa rks .•••••••....•.• 22.9 14.2 
Off-Street Pa rk i ng •• 2.0 1.2 
Street •.••.•..•..•.• 11.5 7.1 
Unused Urban Land •.• 69.9 43.3 
Water ••.••••.••••..• 5.4 3.4 

Total 161.5 100.0 

Source: SEWRPC. 

30 acres of parkland which comprises 
land is utilized for both land-based 

Zoning ordinances and attendant zoning district maps provide an important 
expression of community land use development objectives. The existing City 
of St. Francis zoning ordinance divides the study area into three zoning 
districts, as shown on Map 4. All the zoning districts within the study area 
permit urban development. 

The largest zoning category is industrial, which accounts for 73 acres, or 
45 percent of the study area. The industrial district is applied solely to 
the Wisconsin Electric Power Company power plant site and accounts for about 
3,240 feet, or 34 percent, of the Lake Michigan shoreline in the City of 
St. Francis. The zoning district south of the power plant, compr1s1ng an 
additional 57 acres, or 35 percent of the study area, is residential. This 
district accounts for 2,960 feet, or 31 percent of the shoreline. An institu­
tional zoning district lies north of the power plant site and accounts for 
the balance of 32 acres, or 20 percent of the study area. This zoning district 
contains the remaining 3,420 feet, or 35 percent, of Lake Michigan shoreline 
in the City of St. Francis. 

Existing Facilities and Buildings 

The Wisconsin Electric Power Company currently owns approximately 80 percent 
of the land in the study area. The power company property, as shown on Map 5, 
includes all land from the southernmost boundary of the study area, where 
it borders Sheridan Park, to Bay View Park, with a total areal extent of 
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130 acres. The power company property accounts for about 6,200 feet, or 
64 percent, of the Lake Michigan shoreline in the study area. The power company 
main plant site is defined as the fenced-in portion of the property shown in 
Map 6. In addition, the Wisconsin Electric Power Company owns a 15-acre vacant 
parcel of land north of the main plant site and a 39-acre vacant parcel of 
land south of the main plant site. These vacant areas account for 42 percent 
of the property. 

The construction of the Lakeside power plant was initiated in 1920 and com­
pleted in 1930. The plant ceased primary operation in October 1983. The main 
plant facility, consisting of a turbine room, three boiler rooms, a switch 
house, and an office area, is approximately 450 feet long by 300 feet wide by 
90 feet high. 
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Located directly east of the main plant are three chimneys standing 240 feet 
high and having a base diameter of 24 feet. Adjacent to the chimneys are three 
"aerotec" buildings used for storage, and two turbine generators, associated 
switches, and control equipment. A gate house is located adjacent to the north­
west side of the building. In a yard area north of the plant are three fuel 
oil storage tanks and a storage shed. A switchyard comprised of three step-up 
transformers is located south of the main plant building. West of Lake Drive 
lie 21 acres of Wisconsin Electric Power Company property. Included in this 
area is an employee parking lot and a substation and switchyard area. Extend­
ing the full length of the power company property and running along the east 
side of Lake Drive is a bike path leased to Milwaukee County. Located in the 
near-shore area of Lake Michigan are a settling basin, an intake pond, and 
water intake and discharge facilities . The settling basin was used for the 
temporary storage of washwater and floor drain discharges from the main power 
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plant building prior to its discharge back to the intake pond. The intake 
pond is enclosed by a dike. Intake facilities consist of steel stop gates, 
concrete intake structures, and underground tunnels which conveyed water 
from the intake pond to the main power plant building. When the plant was in 
operation, condenser cooling water from the main plant building was discharged 
at five outfall sites; three outfalls discharged to the intake pond and two 
outfalls discharged directly to Lake Michigan immediately north and south of 
the dike. The discharge facilities consist of discharge gates and underground 
tunnels which conveyed cooling water from the main power plant building to the 
outfall sites. 

Sanitary wastewater from the Wisconsin Electric Power Company facilities is 
conveyed to, and treated by, the Milwaukee Metropolitan Sewerage District's 
Jones Island wastewater treatment plant. A sanitary sewer borders the western 
boundary of the study area. A water main is located along the entire length 
of S. Lake Drive within the study area. 

COASTAL EROSION PROCESSES 

Erosion of the Lake Michigan shoreline is a natural process which can be 
accelerated--such as by increasing the rate and volume of stormwater runoff-­
or decelerated--such as by the construction of shore protection measures--by 
human activities. Shoreline erosion includes two processes, bluff erosion and 
beach erosion, but bluff erosion is of particular concern because it poses 
a threat to property and human safety. Various factors contribute to bluff 
erosion and beach erosion, including wave action, groundwater seepage, precipi­
tation runoff, lake level elevation, freeze-thaw action, 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 
man, and where waves are not eroding the base of the slope, an equilibrium 
is established over a relatively long period of time between the forces acting 
to move material down the slope and the resistance of the materials in the 
slope to those forces. The shear stress of the materials in the bluffs is 
primarily determined by the weight of the soil and water mass in the bluff, 
water pressures in the bluff, external loads such as buildings, vibrations, 
and the degree of lateral support from the bluff slope. Bluff materials 
have a shear strength which is normally greater than these stresses. The 
shear strength depends on the properties of the soil, the loading on the 
soil, and the moisture content, which is in part determined by soil drainage. 
Bluffs fail when either the shear stress is increased or the shear strength 
decreased, altering the balance of forces until the stresses exceed the 
resisting soil strength. Undercutting at the toe of the slope by waves steepens 
the bluff and increases the shear stress. 

One major type of slope failure 
material generally moves along a 
which occur on slopes with little 
of slides along the City of St. 
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involves a surface layer several inches to two feet thick, sliding either 
rapidly or fairly slowly down the bluff. Small slumps also occur in the study 
area. The term slump refers to the sliding of a fairly large mass along 
a curved surface. The slide mass is actually rotated, and often the top of 
the slump block is tilted back toward the hill slope. Slumps usually take place 
suddenly and can cause extensive damage. 

A second major type of slope failure is flow. With this kind of slope failure, 
large amounts of water are present and the soil mass actually liquifies and 
moves like a fluid. Some flow commonly occurs at the toe of slump blocks 
during and relatively soon after failure. Since slump blocks undergo rotation 
and the top of the block is often tilted back toward the bluff, surface water 
can accumulate in these depressions and saturate the underlying soil. Flows 
also occur when intense rains saturate the surface layer of soil or in the 
spring as intergranular ice melts near the soil surface and very wet conditions 
occur. Flows can also occur where groundwater discharges along the bluff face 
through silts or fine sands. If these more permeable soil layers are located 
between less permeable clay layers, this removal of sediment by flow due to 
groundwater seepage is referred to as sapping, and can cause undercutting which 
creates an unstable slope in which slumps or slides will occur. 

A third type of slope failure, related to flow, is solifluction. Solifluction, 
or soil flow resulting from freeze-thaw activity occurring both in fall and 
spring, can reduce the stability of bluff slopes. During the thawing period, 
there is a buildup of excess pore pressure within the soil mass. Because of 
underlying impermeable frozen ground, the pore pressures cannot be dissipated 
and thus shear resistance decreases. Also, the growth of ice crystals within 
the soil during winter months weakens the structure of the soil. The amount 
of moisture in a soil prior to freezing will affect the shear strength after 
it has thawed; the higher the moisture content before freezing, the greater 
the reduction in shear strength after thawing. The net result is a shear 
resistance, or strength, which is less than the shear stress and, therefore, 
even gentle 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 rain­
fall. 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 desiccation, 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 City of St. Francis 
coast, these are generally fairly small, and rock or soil fall from vertical 
faces plays only a small role in the overall shoreline erosion in the City. 
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Figure 2 
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Source: S. N. Hanson, J. S. Perry, and W. Wa Ilace, Great Lakes Shore 
Erosion Protection-- A General Review With Case Studies, 
Wisconsin Coastal Management Program, 1977. 

Because slope stability is influenced by dynamic factors, slope failure is 
a process that may occur in an unpredictable, abrupt fashion as opposed to 
a uniform, 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 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. Among these factors is "ave action, particularly 
during storms. When occurring concurrently with high lake levels, wave action 
can result in rapid and severe erosion of the toe of bluffs within the study 
area. This bluff toe erosion may cause instability of the entire bluff slope, 
causing ultimate recession of the bluff. Wave action also affects the orienta­
tion, width, slope, and substrate of beaches. Figure 2 illustrates the pattern 
of breaking waves as they approach a beach. Wave action is also important 
because of its potential for damaging shore protection structures such as 
revetments, bulkheads, breakwaters, and piers. 

Waves may be characterized by their height, period or frequency, velocity, and 
length. Knowledge of these wave characteristics is necessary in order to 
predict wave energy against the beach and bluff, and to properly design shore 
protection structures. In deep water, the major determinants of wave height 
are wind speed, wind duration, and fetch length. In shallow water, wave height 
is determined by the height of the incoming deep water waves and by the slope 
of the beach and near-shore area. Wave period is defined as the time which 
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elapses between two successive wave crests passing a fixed point. Wave velocity 
is defined as the speed and direction of a wave. Wave length is defined as the 
distance between the crests of two successive waves and is determined by wind 
speed, wind duration, and water depth. 

The degree of wave energy affecting toe erosion is related to the slope of the 
beach and off-shore 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 the City of St. Francis 
approach from a northeast direction, a direction having a fetch--that is, the 
length of water over which the wind can blow unhindered--of up to 250 miles. 4 

As these wind-generated waves approach the coast, wave refraction in shallow 
water directs the waves in a path more perpendicular to the shore. Various 
other wave phenomena, such as wave diffraction and reflection, occur as the 
waves encounter shore protection structures, including the Milwaukee South 
Shore breakwater. 

Predicted Lake Michigan deep-water wave conditions during storms are set forth 
in Figure 3 . The figure presents wave height and wave period predictions for 
various recurrence interval storm events. The reciprocal of the recurrence 
interval is the likelihood of that storm even occurring in anyone year. For 
example, a 20-year recurrence interval storm event has a 5 percent chance of 
occurring during any given year. That same 20-year recurrence interval storm 
event has a 40 percent chance of occurring in any 10~year period, a 72 percent 
chance of occurring in 25 years, and a 92 percent chance of occurring in 
50 years. Wave heights can range up to 24 feet, and wave period of frequency 
may range up to 11.5 seconds during major storm events. In general, the largest 
storm-generated waves are most likely to occur during winter, and least likely 
to occur during spring.s 

Lake water-level fluctuations affect rates of wave-induced toe erosion. High 
water levels result in more rapid recession of the bluffs. When the water 
level is low, wave energy is expended as waves break along the beach. When 
water levels rise, waves can break directly on the toe of the bluff and erode 
the bluff material. The base of the slope is then undercut, creating unstable 
conditions in the slope above. This is eventually followed by slope failure 
and the movement of material down to the base of the bluff. As water levels 
decrease, the beach again widens and much of the wave energy is dissipated. 

There is a time lag, however, between bluff recession rates and the decline 
in lake level because materials in the bluff take time to form a stable 
slope. Thus, even after water levels decline and wave erosion is decreased, 
bluff recession continues at a fairly high rate until the bluffs have reached 
a stable slope angle. Peak bluff-top recession rates typically occur about 
four years after a high water level within this portion of the Lake Michi­
gan shoreline. 

4J. P. Keillor and R. DeGroot, Recent Recession of Lake Michigan Shorelines in 
Racine County, Wisconsin, Volume I, Text, April 1, 1978. 

sJ. P. Keillor, University of Wisconsin-Sea Grant Institute, Letter to Earl K. 
Anderson, Port of Milwaukee Harbor Engineer, September 14, 1983. 
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Source: J. P. Kei I lor, University of Wisconsin-Sea Grant Institute, Letter to Earl K. 
Anderson, Port of Mi Iwaukee Harbor Engineer, September 14, 1983; and U. S. Army 
Corps of Engineers, Design Wave Information for the Great Lakes, Report No.3, 
Lake Michigan, Technical Report A-76-1, November 1976. 

Since 1860, average annual surface elevations of Lake Michigan at Milwaukee 
have ranged from a low of 577.06 feet above National Geodetic Vertical Datum 
(NGVD)--also referred to as Mean Sea Level Datum--in 1964, to a high of 
582.24 feet above NGVD in 1886 (see Figure 4). The level of Lake Michigan is 
a function of inflow from Lake Superior, stormwater runoff from the tributary 
land surface, precipitation falling directly on the lake, outflow from Lake 
Michigan through the Straits of Mackinac, evaporation from the lake surface, 
and resulting changes in the storage--volume of water--in the lake. The annual 
cycle in Lake Michigan water level elevations is shown in Figure 5. The highest 
water level elevations occur in June, July, and August, and the lowest water 
level elevations occur in January, February, and March. Generally, the lake 
levels rise from February through July and fall during the remainder of the 
year. In anyone-year period, the range in base lake levels may be expected 
to be about one foot. The historic range between maximum and minimum monthly 
mean water levels is about five feet for all months of the year. 
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The anticipated occurrence of high Lake Michigan water levels was presented in 
a !eport prepared by the U. S. Army Corps of Engineers. 6 For various reaches 
of the Lake Michigan coast, the report includes estimates of the highest water 
levels along the open coast expected to be equaled or exceeded on an average 
of once every 10 years, as well as once every 50 years, 100 years, and 500 
years. These levels were based on water level frequency curves derived by the 
Corps from the maximum instantaneous water levels recorded each year by the 
National Oceanic and Atmospheric Administration over an approximately 70-year 
period, adjusted to current outlet conditions. Lake Michigan levels on the 
St. Francis coast may be expected to equal or exceed maximum levels of 582.7 
feet NGVD an average of once every 10 years, 583.6 feet NGVD every 50 years, 
583.9 feet NGVD every 100 years, and 584.5 feet NGVD every 500 years. Even the 
10-year recurrence interval maximum water level is higher than the maximum 
level shown in Figure 5, because the values shown in the figure are average 
annual surface water elevations, while the predicted recurrence interval eleva­
tions are derived from maximum instantaneous levels. Prolonged storm periods 
of several days' duration may raise water levels by a foot or more along the 
city coastline. 7 

6U. s. Army Corps of Engineers, Report on Great Lakes Open Coast Flood Levels, 
February 1977. 

7J. P. Keillor and R. DeGroot, Recent Recession of Lake Michigan Shoreline in 
Racine County, Wisconsin, Volume I, Text, April 1, 1978. 
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Ice formation influences bluff erosion and tends to contribute to a seasonal 
cycle in erosion. When stationary ice develops along the shore in winter, 
it may serve as a temporary protective barrier against wave action asso­
ciated with winter storms, thereby reducing bluff erosion. When the ice is 
not stationary against the shore, however, 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 installed to protect the beach 
and bluff. 

Groundwater seepage can also affect bluff stability in several ways. In most 
areas along the City of St. Francis shoreline, 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 con­
tact pressure in the soil and reduce the frictional resistance of the mate­
rial to stress. Groundwater also adds weight to the bluff, further increasing 
stress on the slope. In addition, groundwater seepage creates a seepage pres­
sure in the direction of water flow. This pressure is of particular impor­
tance in granular soils such as sands and silts and is of lesser importance 
when the clay content of the soils is fairly high. If groundwater actually 
discharges along the bluff face, some undercutting of materials may also 
occur. Removal of bluff materials by groundwater is especially important 
when sand layers either are 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 toward the bluff face. Sapping of mate­
rial may occur at the top of this permeable 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 
portion 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 groundwater 
from the bluff, however, and thereby contribute to its stability. Vegetation 
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. 

Beach Erosion 

The features of a beach and the materials composing the beach are continuously 
in a state of flux as a result of the on-shore or off-shore transport of 
sand and gravel, primarily in response to wave action. There is a constantly 
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changing interplay between the forces that bring sand ashore and those that 
move it lakeward, with the position and configuration of the main mass of sand 
at any time serving as an index of the dominant forces. High, steep waves-­
typical of storm events within the coastal area of southeastern Wisconsin--tend 
to tear beaches down by removing material from them and transporting it in 
a lakeward direction. In contrast, the small waves--characteristic of periods 
between storm events--tend to build beaches up through a net landward trans­
port of sediment. Thus, the beaches exhibit a continuous cyclic pattern of 
erosion and accretion in response to the nature of the waves impinging on the 
beach. Figure 6 shows the process of beach erosion in response to the impact 
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of high, steep waves. A beach is said to be stable, even though subject to 
storm and seasonal changes, when the long-term--several years or more--rates 
of supply and loss of material are approximately equal. 

Sediment is transported parallel to the shoreline along the beach by long­
shore currents. Longshore currents are currents in the breaker zone running 
generally parallel to the shoreline and usually caused by waves breaking at 
an angle to the shoreline. Longshore currents transport sediment and other 
particulate matter--which is suspended in the current or bounced and rolled 
along the lake bottom- -parallel to the shore. While the longshore currents 
within the coastal zone of St. Francis may move in either a northerly or 
southerly direction in response to the direction of the incident waves, the 
net sediment transport is to the south. Evidence of this fact is the tendency 
for beaches to exhibit accretion on the north side of groins, piers, and other 
structures while erosion occurs on the southerly side of such structures. The 
U. S. Army Corps of Engineers has estimated a net southward transport rate 
of 45,000 cubic yards of sediment annually along the littoral area of Lake 
Michigan between the Wisconsin Electric Power Company's Lakeside and Oak Creek 
power plants. a 

EXISTING REGULATIONS PERTAINING TO SHORELAND DEVELOPMENT 

The State of Wisconsin and the federal government have long been involved in 
the protection of public rights on navigable waters, while more recently water 
quality has become an important management concern. Of particular concern 
for coastal erosion management are the means by which state and federal 
agencies regulate various activities affecting the protection of the Lake 
Michigan shoreline. In addition, Milwaukee County has regulatory authority 
concerning certain types of shore protection and development measures within 
the County's shoreline. 

The U. S. Army Corps of Engineers is the primary federal agency responsible 
for the regulation of structures and work related to surface waters. Initial 
Corps authority to regulate structures or work in, or affecting, navigable 
waters stems from the River and Harbor Act of 1899. Corps regulatory authority 
was expended with the passage of the Federal Water Pollution Control Act 
amendments in 1972. Section 404 of this act authorized the Corps to administer 
a permit program to regulate the deposition of dredged and fill materials into 
waters and related wetlands of the United States, as well as to regulate the 
construction of shore protection structures. 

Although the State of Wisconsin, through the Department of Natural Resources, 
regulates shore protection-related activities throughout most of the Lake 
Michigan shoreline of the State under the provisions of Chapter 30 of the 
Wisconsin Statutes, the Department does not have such authority for the City 
of St. Francis shoreline because a Lake Bed Grant was issued to Milwaukee 
County for this shoreline area. The Lake Bed Grant, issued by the Wisconsin 

aU. S. Army Corps of Engineers, Section 103 Reconnaissance Report on Shore 
Erosion, Racine County, Wisconsin, 1977. 
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Legis lature in 1933, provides Milwaukee County with regulatory authority to 
protect the public's interest for the bed of Lake Michigan out to 2,400 feet 
from the shoreline. The County administers a permit program for shore protec­
tion measures and dredge and fill activities which requires the submittal of 
a plan and which may require that certain conditions established by the County 
be met. The Wisconsin Department of Natural Resources does, however, have the 
authority under Section 401 of the Federal Water Pollution Control Act to 
review and grant water quality certification of federal actions which require 
a permit under Section 404 of the Act. This review, administered under Chapter 
NR 299 of the Wisconsin Administrative Code, is conducted to determine if the 
proposed activity will result in a discharge of wastes to surface waters, 
result in violations of applicable water quality standards, or interfere with 
public rights and the public's interest. 

Because the entire shoreline within the City of St. Francis is owned by Mil­
waukee County and by the Wisconsin Electric Power Company, there has been 
no need to include provisions pertaining to Lake Michigan shoreline erosion 
hazards in the city zoning ordinance. There is also no county shoreland zoning 
ordinance that applies within the City of St. Francis, nor has the City found 
it necessary to adopt special shoreland zoning regulations. 

EXISTING STRUCTURAL EROSION CONTROL MEASURES 

Shoreland structural erosion control measures are intended to reduce coastal 
erosion 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 
to absorb wave energy before the water reaches the bluff, by dissipating wave 
energy, and/or by stabilizing bluff slopes. 

On-shore protective structures within the study area include revetments and 
a rubble mound porous dike. The revetments contain a flattened slope surface 
armored with erosion-resistive materials, such as concrete and natural rock 
rip-rap and underlaid by filter cloth or gravel. The dike, which encloses 
a pond, is also composed of rock and provides protection against wave action. 

Breakwaters within the study area are protective structures built away from 
and parallel to the shore in deeper water. They provide dissipation of wave 
energy, thus reducing bluff toe erosion while reducing the strength of the 
longshore current immediately landward of the structures. However, breakwaters 
may accelerate beach and bluff erosion downdrift of the protected areas, as 
sediments settle in the sheltered water behind the breakwater. 

Slope stabilization has been accomplished in some bluff areas by using earth­
moving equipment to regrade the face of the slope to a flatter, more stable 
profile, thus accelerating the natural stabilization process. This approach 
is practical only if sufficient vacant land is available at the top of the 
bluff. Slope stabilization can also be accomplished through maintenance of 
a protective cover of vegetation. 

At the present time, nearly 3,500 feet, or 36 percent, of the City of 
St. Francis Lake Michigan shoreland area is protected by on-shore structures. 
As shown on Map 7, all of the on-shore protection structures are located at, 
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or adjacent to, the Wisconsin 
Electric Power Company power plant 
site. In addition, some protection 
against wave action is provided by 
the 4,600-foot-long portion of the 
Milwaukee South Shore breakwater 
which lies within the study area. 

In 1922, the power company con­
structed a rubble mound porous 
dike due east of the main plant 
site, as shown on Map 7. The dike 
encloses a pond which, when in 
operation, was used as a circu­
lating cooling pond with a maximum 
design flow of 632 million' gallons 
per day . The dike extends 500 feet 
off-shore to a Lake Michigan water 
depth of approximately 18 feet, 
and is 1,750 feet long. Two gen­
eral cross-sections were used in 
the construction of the dike, one 
for a water depth of less than 
12 feet and one for a water depth 
equal to or greater than 12 feet. 
These cross -sections are shown in 
Figure 7. The core of the dike is 
composed of crushed limestone and 
is overlain by granite, rhyolite, 
quartzite, and dolomite stone. 

In the mid-1930's, the power com­
pliny constructed revetments north 
and south of the dike. These 
structures protect 1,700 feet of 
shoreline. Various-size concrete 
s labs and boulders were used to 
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construct these original revetments. North of the dike the revetment extends 
for a distance of 900 feet, as shown on Map 7 . This revetment was initially 
constructed between 1935 and 1938, but was more recently reconstructed with 
concrete slabs from demolished sidewalks and streets. Portions of the bluff 
behind it have been regraded to a more stable slope. The southern revetment 
was reconstructed in 1973 and covers approximately 800 feet of shoreHne, 
extending from the dike to the drainage ditch' south of the p,lant, as shown 
on Map 7. Shown in Figure 8 is a cross-section of the southern revetment as 
it was reconstructed in 1973 . Generally, the revetment stands eight feet high 
from the toe of the bluff and extends outward 20 feet to the water line and 
an additional 22 feet into the lake. The revetment is underlain by a filter 
cloth. During the reconstruction of the revetment, the bluff behind it was 
regraded to a stable slope . The slope is well vegetated with grass and shrubs. 

A Lake Michigan shore protection survey conducted in 1976 concluded that both 
revetments and the dike on the Wisconsin Electric Power Company property were 
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functional, and did not require any major repairs. 9 Accelerated beach and 
bluff erosion downdrift of the protected areas were noted as adverse effects 
of the structures, however. 

The southern extension of the Milwaukee outer harbor breakwater, known as the 
Milwaukee South Shore breakwater, serves as an off-shore protection structure 
for the northern portion of the study area. The South Shore breakwater was 
constructed by the City of Milwaukee Park Board in segments beginning in 
1913. The construction of the breakwater that lies parallel to the City of 
St. Francis shoreline began in 1930. The first segment built extended for 
a distance of approximately 2,300 feet and required more than 100,000 tons 
of stone for completion. An additional 2,300 feet of breakwater constructed 
200 feet from the first segment was completed in 1931, the southern 600 feet 
of which was built by The Milwaukee Electric Railway & Light Company, the 
predecessor company to the Wisconsin Electric Power Company. As shown on 
Map 7, the breakwater is located more than 1,000 feet off-shore at an approxi­
mate water depth of 20 feet. 

9D. M. Mickelson, et al., Shore Erosion Study: Technical Report--Shoreline 
Erosion and Bluff Stability Along Lake Michigan and Lake Superior Shorelines 
of Wisconsin, 1977. 
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Figure 9 shows a proposed cross-section for reconstruction of the breakwater, 
as well as a typical cross-section of the breakwater as it was surveyed in 
1981. The breakwater consists of dolomite stone of varying size, weight, and 
quality. The breakwater is currently functional but, as shown in Figure 9, has 
experienced a significant amount of deterioration. In 1948, Milwaukee County 
assumed responsibility for maintaining the breakwater; however, very little 
maintenance has actually been performed. In 1980, Milwaukee County estimated 
that it would cost $8 million to rebuild the entire South Shore breakwater to 
its original form. Some bluff areas behind the breakwater continue to experi­
ence slope failure caused primarily by wave erosion of the bluff toe. 

EXISTING COASTAL EROSION PROBLEMS 

Coastal erosion includes erosion and recession of the beach and bluff. Bluff 
recession is the most serious Lake Michigan shoreline erosion problem in the 
City of St. Francis. Bluff recession results in the loss of extensive land 
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areas; and the sometimes major, unexpected, and rapid slope failures caused 
by slumping and sliding may pose a. threat to human safety. 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. As previously noted, 
other factors, some of them natural and some of them related to human activity, 
influence bluff stability either by altering the gravity-induced stresses which 
tend to cause bluff failure or by affecting the resisting strength factors 
which tend to maintain bluff stability. 

Bluff Analysis Sections 

The actively eroding bluff areas within the City were divided into six 
sections, each with similar physical and erosion-related characteristics. 
These six bluff analysis sections are shown on Map 8. Field surveys were 
conducted in December 1983 to delineate the section boundaries and to inventory 
the physical characteristics of, 
and identify the causes and types 
of, slope failure occurring within 
each section. Table 7 summarizes 
the physical and erosion-related 
characteristics of the six sec­
tions experiencing active bluff 
erosion. 

Section 1 (see Map 8 for section 
locations) contains a relatively 
narrow--10 to 20 feet wide--beach 
and the highest bluffs--about 70 
feet--in the study area. The bluffs 
are comprised of sand and gravel 
and layers of Oak Creek, New Ber­
lin, and Tiskilwa tills. The pri­
mary cause of bluff recession is 
bluff toe erosion caused by wave 
action. Contained within the New 
Berlin till, which is exposed at 
the bottom 15 feet of the bluffs, 
are interbedded sand blocks. 
Groundwater seepage from these 
sand blocks, although not observed 
during the December 1983 field 
surveys, probably reduces the sta­
bility of this lower slope. Ground­
water seepage also occurs at the 
top of the Oak Creek till which 
lies above the New Berlin till. 
Hence, the lower portion of the 
bluff has an extremely steep slope, 
as shown in Figure 10. Slumping 
is occurring in the Oak Creek till. 
This section has the greatest 
potential in the study area for 
large slumps to occur. 

Map 8 
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Table 7 

PHYSICAL AND EROSION-RELATED CHARACTERISTICS OF BLUFF ANALYSIS SECTIONS 

Bluff Shore line Beach Bluff 
Ana Iys i s Length Width Beach Height Bluff G roundwa te r Cause and Type of 
Sect ion (feet) ( feet) Composition (feet) Composition Conditions Bluff Slope Failure 

1 440 10-20 Sand, gravel, 70 Oa k Creek til I at top of Groundwater seeps occur Wave erosion is the primary cause of slope 
cobbles, and bluff, underlain by sand at the bottom of the failure, although bou I de rs in New Be r lin til I 
scatte red and g rave I, underla in by sand and gravel layer, at base of bluff and in near-shore areas cause 
large boulders another layer of Oak and also in I a rge sand waves to break off-shore. Groundwater seepage 

Creek til I, unde r I a in by blocks which are i nter- reduces slope stabi I ity, particularly in ti II 
New Berl in til I, under- bedded in the New layers which contain interbedded blocks of 
I a i n by Tis k i I wa til I Berl in til I sand. Sma II slumps were noted, espec ia Ily in 

the Oak Creek ti I I. Shal low sl ides also occur 

2 600 10 Sand gravel, 50-60 Sand and g rave I at top Although water-bearing Wave erosion is the primary cause of slope 
cobbles, and of bluff underlain by strata were present, failure, although boulders i n New Be r lin 
sca t tered New Ber lin til I . At no seeps were noted in til I at base of bluff and in near-shore area 
large boulders southe rn end 0 f section, field survey. Ground- cause waves to break off-shore. Sand and 

Oak Creek til I lies water may drain north- g rave I above the til I fa I Is p rima r i I Y as 
above New Berl in til I wa rd towa rd Section 3 shallow slides, sol ifluction, and sand flows 

3 160 10-20 Sand, g rave I, 50 Laminated s i I t and sand Major groundwater seeps Bluff toe erosion by wave action is the 
and sca tte red at top of bluff, unde r- have fo rmed a gully primary cause of slope fa i lure, a I though 
large boulders lain by sand and gravel extending from the top groundwater seepage also reduces slope 

of the bluff, and also stabi I ity near the gully and at the bluff 
d i scha rge nea r the toe. Fai lure occurs as shallow sl ides 
bluff toe and sheet and ri II wash, with some 

evidence of groundwater sapping at the 
gully and bluff toe, and of sol ifluction 

4 440 10-20 Grave I, 50 Lam i na ted silt and sand Major groundwater seeps Wave erosion is reduced because I a rge 
cobbles, at top of bluff, unde r- occur at the top of the boulders contained in New Be r lin til I at 
and I a rge lain by sand and gravel, New Be r lin til I base of bluff and in near-shore area cause 
boulders underlain by New Berl in waves to break off-shore, thereby reduc i ng 

til I. In some areas, Oak wave energy. Groundwater seeps at top of 
Creek ti II lies between New Berl in till reduce slope stability. 
laminated s i I t and sand Fai lure occurs as shal low sl ides, sheet 
and sand and gravel and ri II wash, and groundwater sapping 

5 1,200 10-30 Sand, g rave I, 40-45 Laminated s i I t and sand No major groundwater Bluff toe erosion by wave action is 
cobbles, and at top of bluff, unde r- seeps were noted the primary cause of slope fa i lure. 
sca ttered lain by Oak Creek til I. Fai lure occurs as shallow slides, 
sma II boulders Sma I I a rea at base of sol ifluction, and sheet and ri I I wash 

bluff is sand and gravel. 

6 1,600 10-70 Sand and 40-50 Oak Creek ti II at top Major groundwater seeps Bluff slope fa i lure is less severe here 
grave I of bluff, underla in by occur at the bottom of than in the other sections because the 

a layer of sand and the sand layer, and bluffs are lower and the beach is wider 
g rave I, unde r I a in by particularly the sand and protected by a breakwate r. Slope 
another layer of and gravel layer fa i lure is caused by bluff toe erosion 
Oak Creek ti II by wave act ion, and by the groundwater 

seepage at the bottom of the sand and 
grave I layer. Failure occurs as sha I low 
slumps, sl ides, and sheet and ri II wash 

Source: SEWRPC. 



Figure 10 

BLUFF ANALYSIS SECTION 1 
SLUMPING AND FAILURE OF LOWER PORTION 

OF SLOPE CAUSED BY GROUNDWATER SEEPAGE 

Source: SEWRPC. 

Figure 11 

BLUFF ANALYSIS SECTION 2 
SLOPE FAILURE CAUSED BY WAVE 

EROSION AT TOE OF BLUfF 

Source: SEWRPC. 

As shown in Figure 11, Section 2 contains a narrow beach and bluffs 50 to 
60 feet high . Sand and gravel comprises the top 25 to 40 feet of bluff, and 
is underlain by up to 30 feet of New Berlin and Oak Creek till. Some ground­
water seepage may occasionally occur at the bottom of the sand and gravel 
strata, but none was observed during the December 1983 field surveys. Wave 
erosion at the bluff toe is the primary cause of bluff recession. The sand 
slopes on the top portion of the bluff are affected by shallow slides, soli­
fluction, and sand flows. 

Section 3 has a beach width of 10 to 20 feet and a bluff height of about 
50 feet, as shown in Figure 12. The bluff is the only actively eroding area 
within the study area which contains no till; the bluff is comprised of 
laminated silt and sand, underlain by sand and gravel. Wave erosion is again 
the primary cause of bluff recession. Major groundwater seeps have formed 
a gully at the north end of the section. Groundwater sapping also occurs near 
the base of the bluff. As shown in Figure 12, slope failure occurs as shallow 
slides, solifluction, and sheet and rill wash. 
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Figure 12 

BLUFF ANALYSIS SECTION 3 

SLOPE FAILURE CAUSED BY WAVE EROSION AT TOE OF BLUFF 

SOLIFLUCTION SHALLOW SL I DE 

• 

Source: SEWRPC. 
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Figure 13 

BLUFF ANAL YS IS SECTION 4 

INSTABILITY OF BLUFF SLOPE 
DUE TO GROUNDWATER SEEPAGE GROUNDWATER SEEPAGE 

Source: SEWRPC. 
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In Section 4, the beach is 10 to 20 feet wide and the bluff is about 50 feet 
high. New Berlin till again appears at the base of the bluff. On top of the 
New Berlin till lies sand and gravel and laminated silt and sand. As shown 
in Figure 13, large boulders contained in the New Berlin till are present 
at the bluff toe and in the near-shore area of the lake. These boulders 
provide some protection against wave action and, hence, this section extends 
into the lake relative to the adjacent sections. On top of the New Berlin 
till, groundwater seeps occur, reducing the stability of these lower slopes 
(see Figure 13). Slope failure occurs as shallow slides, sheet and rill wash, 
and groundwater sapping. 

Compared to Sections 1 through 4, which are located south of the Wisconsin 
Electric Power Company power plant, Section 5 has a somewhat larger beach 
width--ranging up to 30 feet--and slightly lower bluff height--from 40 to 
45 feet (see Figure 14). The bluff is comprised primarily of laminated silt 
and sand, underlain by Oak Creek till. No major groundwater seeps were noted 
during the field surveys. Wave erosion at the bluff toe is the primary cause 
of bluff recession . Slope failure occurs as shallow slides, solifluction, and 
sheet and rill wash. 

Section 6, located north of the Wisconsin Electric Power Company power plant, 
is protected by the Milwaukee South Shore breakwater. As a result, the beach 
is wider--up to 70 feet--than south of the power plant. Bluff heights range 
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Figu re 14 

BLUFF ANALYSIS SECTION 5 

SHALLOW SLIDES, SOLIFLUCTION, 
AND SHEET AND RILL WASH 

_ .. 
. . ~- : 

Source: SE'WRPC. 

Figure 15 

BLUFF ANAL YS IS SECTION 6 

WIDER BEACH AND LOWER BLUFF REDUCES 
THE SEVER ITY OF SLOPE FA ILURE 

Source: SEWR PC . 

from 35 to 50 feet. The bluff is comprised primarily of Oak Creek til l , with 
a layer of sand and gravel lying near the middle of the bluff. Wave erosion 
at the bluff toe is substantially reduced by the breakwater and the relative l y 
wide beach; nevertheless, wave erosion r emains the primary cause of blu ff 
recession. Groundwater seepage occurs at the bottom of the sand and grav e l 
layer, and is most severe toward the northern end of the section. As s hown 
in Figure IS, slope failure occurs as sha llow slumps, slides , and s hee t and 
rill wash. 

S lope Sta bility An a lyses 

Bluff slope stability analyses are conducted to determine the likelihood o f 
bluff slope failure within the various bluff analysis sections; to dete r mine 
whether the most likely failures are deep - seated slumps or shallow slides ; 
to relate slope failures to bluff strata and groundwater conditions; and t o 
determine stable slope angles for the bluffs. The slope s t ability ana l yses 
utilize geotechnical engineering techniques to quantify and eva l uate t hose 
stress and strength factors whic h affect the bluff slopes and wh ich resu lt 
in the observed b luff rece ssion in the study area. The resu l ts of t he a nalyses 
were used in the design and development of alternative shor e protection struc­
tures and in the determination of the stable bluff slopes used in t he de line a­
tion of nonstructural setback distances. 
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The bluff-slope stability analyses conducted under this study provide a means 
for evaluating existing slope stability and for predicting bluff slope failure 
in those bluffs where rotational sliding is a major type of slope failure. 
Slope stability analyses for rotational slides are commonly used as an overall 
indication of the resistance of the slopes to all types of massive slope 
failures. Slope stability analyses were performed for the bluffs within each 
bluff analysis section using surveyed geometric profiles of the bluffs, labora­
tory analyses of bluff material properties, and a computer program based on 
the modified Bishop method of slope stability analysis. lo The modified Bishop 
method was used to analyze the stability of the bluff slopes and to determine 
the shape and location of the probable sliding surface. 

During the field surveys conducted in December 1983, a total of 12 bluff slope 
profiles were prepared for failing slopes which showed the angle and length of 
each section of the bluff with a substantially different slope. The profile 
sites were selected to be representative of bluff areas with different physical 
characteristics and different causes and types of slope failure. From one to 
three profiles were prepared for each bluff analysis section. The strata at 
each profile site were delineated, and grab samples of the different strata 
were collected. Laboratory tests were conducted on the soil samples to deter­
mine various properties related to stability. 

Laboratory analysis of bluff material samples collected on December 10, 1983, 
was performed by the Department of Civil Engineering of the University of 
Wisconsin-Madison. The soil properties so determined and used in the slope 
stability analyses are set forth in Table 8 for all of the materials sampled 
in the study area. The laboratory analyses of bluff soils provided a quanti­
tative determination of soil properties which affect the resistance of the 
soil to slope failure. The moisture content, liquid and plastic limits, silt 
and clay fraction, and friction angle of soil samples provide information 
useful in calculating the strength of forces within the soils which resist 
slope failure and which therefore tend to favor slope stability. 

Two important indicators of soil properties are the liquid limit and the 
plastic limit. The liquid limit is defined as that water content level of 
a soil, expressed in percent dry weight, at which the soil begins to act as 
a viscous liquid. Measured liquid limits for soil samples collected within 
the study area ranged from 22 to 42 percent. The plastic limit is defined as 
the water content level at which the soil begins to act as a plastic. The 
difference between the liquid limit and the plastic limit is known as the 
plasticity index, and represents the range in water content through which the 
soil acts as a plastic, and may move laterally under load. The plasticity index 
is related to the presence of clay in the soil and is an indicator of the 
behavior of the clay particles in the soil under load when moisture is present. 
Plasticity index values measured within the study area ranged from 7 percent 
to 23 percent. With a known liquid limit and plasticity index, the measured 
moisture content of a soil sample can be used to estimate the behavior of that 
soil sample as a liquid or as a plastic. Measured moisture contents within the 
study area ranged from 10 percent to 34 percent. 

lOA. W. Bishop, "The Use of the Slip Circle in the Stability Analysis of 
Slopes," Geotechnique, Volume 5, No.1, 1955, pp. 7-17. 
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Soi I 
Samp I e 

Table 8 

SELECTED PROPERTIES OF BLUFF MATERIALS WITHIN THE 
LAKE MICHIGAN SHORELINE OF THE CITY OF ST. FRANCIS 

.. .. .. 
~------ - ....... 

Si It Effective 
Moisture li qu i d Plast ic ity and Clay Friction 

Content Limit Index Fraction Angle 
Unified 

Soi I 
Numbe r a Description (percent) (pe rcent) (pe rcent) (percent) (degrees) Classification 

1 Laminated Si It and Clay •.•• 22.6 
2 Lam i na ted Si It, Sand, 

and Grave I .••.•••.•.••••• 20.4 
3 Oak Creek Till ..•••.•..•.•• 22.7 
4 Sand and Grave I wi th 

Till Deposi ts •.•..•..•••. 23.1 
5 Sand and Gravel •.••.•.••••. 15.4 
6 Lam i nated Si It and Sand •••. 33.8 
1 New Berl in Ti II •.••••.••••. 10.1 

aAI I samples were collected on December 10, 1983. 

bparameter not measured under this study. 

42.5 23.1 
__ b 

3D CL 

24.9 12.1 
__ b 

33 CL 
38.7 21. 7 92.2 31 CL 

37.8 21.0 92.6 31 CL __ c __ c 
0.4 31 SP 

22.1 6.7 95.3 31 CL-ML 
24.0 10.1 61.4 34 CL 

c The I iquid I imit and plasticity index could not be determined for sand and gravel because the soi I was nonplastic. 

Source: T. B. Edil and D. J. Mickelson, 1983. 

The fraction of the soil which is composed of silt- and clay-sized particles 
is an indicator of the res istance of the soil materials to s lope failure. 
Soils containing significant amounts of clay and silt are referred to as 
cohesive soils, whereas granular soils such as gravel and sand are referred 
to as cohesionless soils. Because of low permeability, cohesive soils are 
often poorly drained and exhibit excess pore pressure, which may reduce slope 
stability. The soils sampled within the study area had a large range in 
textures, with the silt and clay fraction ranging from less than 1 percent to 
95 percent. 

The effective friction angle of a soil is another important indicator of the 
ability of a soil to resist slope failure. The effective friction angle is 
defined as a coefficient related to the frictional resistance of the soil to 
shearing when placed under stress. For sand, the effective friction angle is 
that angle at which the soil would achieve a stable slope if no groundwater 
was present within the soil. Effective friction angles are generally higher 
for soils that have a higher density, well-graded particles, and angular 
grains than for soils that have a lower density, uniform-size particles, and 
rounded grains. Effective friction angles within the study area were relatively 
uniform, ranging from 30 to 34 degrees. 

All bluff soil samples were classified on the basis of the Unified Soil Clas­
sification system. This system classifies soils primarily for engineering 
purposes. The soils within the St. Francis bluffs were classified as CL, ML, 
and SP soils. CL soils are relatively fine-grained, impervious soils with 
a high clay content, low plasticity, and a liquid limit of less than 50 per­
cent. CL soils generally have very low shear strengths. ML soils are fine­
grained, fair to poorly drained soils with a high silt and silty clay content, 
low plasticity, and a liquid limit of less than 50 percent. ML soils tend to 
have low shear strengths. SP soils are coarse-grained, well-drained soils which 
are poorly graded, with little or no fine-grained particles. SP soils tend to 
have a higher shear strength than do ML and CL soils. Typical soil properties 
known for these Unified Soil Classification groups were used--in conjunction 
with the measured values set forth in Table 8--in the slope stability analyses. 

The stability of the bluff slopes was analyzed using the modified Bishop method 
computer program to determine the least stable circular failure surfaces, as 
shown in Figure 16. Once the potential failure surfaces had been selected using 
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the program, the shear stress and 
shear strength along the assumed fail­
ure surface could be determined. If 
the rotational forces--or stresses-­
causing failure were greater than the 
rotational forces--or strength param­
eters--resisting it, the slope was 
considered unstable. If the strength 
forces exceeded the stress forces, the 
slope was assumed to be stable. The 
slope stability analyses assumed and 
evaluated a variety of failure sur­
faces in order to identify the most 
critical--and most likely--failure 
surface. 

The shear strength and shear stress 
forces were used to calculate a safety 
factor for each assumed failure sur­
face. This safety factor is defined 
as the ratio of the shear strength to 
the shear stress along the failure 
surface. Thus, a safety factor less 
than or equal to one indicates immi-

Figure 16 

CONCEPT OF SLOPE 
STABILITY ANALYSIS 

FOR ROTATIONAL SLIDES 
1-------_ ASSUMED CENTER 

OF ROTATION 

BEACH 

Source: C. C. Mathewson, Engineering 
Geology, C. E. Merrill Publ ishing 
Company, 1981. 

nent failure, and the lower the safety factor, the more likely the slope will 
fail. Safety factors greater than one imply a margin of safety for slope 
stability based on the assumed soil characteristics and slopes. It is impor­
tant to note that as slope conditions change, the safety factor will also 
change. The critical failure surfaces set forth for the bluff slope profiles 
in this chapter are those surfaces which have the lowest safety factors, and 
thus are most likely to fail. 

Bluff Profiles: The bluff profiles set forth in Figures 17 through 28 show 
the length and slope of the land surface from the top of the bluff to the 
Lake Michigan water level. The profiles thus represent both the bluff and 
beach areas. The profiles also show the stratigraphy of the bluff, and the 
probable maximum groundwater elevation. The probable maximum groundwater 
elevations were used in the slope stability analyses and are based on the 
observed stratigraphy. Within most profiles, the probable maximum groundwater 
elevations were assumed to lie directly beneath the highest strata which is 
relatively permeable. Within profiles C and D, however, the probable maximum 
groundwater elevations were assumed, based on the field survey of bluff mate­
rial characteristics, to lie within a layer of permeable sand and gravel, 
rather than directly beneath it. The groundwater elevations shown on the 
profiles are the maximum levels expected and indicate where the highest 
seepage zones may exist. The results of the slope stability analyses--the 
assumed critical failure surfaces and the calculated safety factors (SF)-­
are also shown on the profiles. 

Map 9 shows the locations of the 12 profiles prepared within the study area. 
The profiles depict unstable bluffs which are currently receding. The profile 
sites were selected to represent typical physical characteristics, as well as 
typical slope failure within the respective analysis sections. More than one 
profile is provided for those bluff analysis sections that exhibit substantial 
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variation in physical or erosion-related characteristics. Because soil moisture 
conditions vary with time and because a time lag often exists between steepen­
ing of the slope and the actual slope failure, it is possible for slopes with 
safety factors of less than one to exist for several years without failing. 
Low safety factors do indicate that slope fai lure is imminent, however. In 
fact, a very large slump occurred in Bluff Analysis Section 1 in the spring 
of 1984. This type of large, deep-seated failure near the bluff top of Sec­
tion 1 was predicted by the slope stability analysis conducted using the bluff 
profiles observed in December 1983 (see profile A). 

Profile A--The very steep, 72-foot-high bluff at profile A shown in Figure 17 
is representative of Bluff Analysis Section 1. Groundwater seepage at the top 
of the Oak Creek till and from interbedded sand layers in the New Berlin till 
results in an unusually steep lower slope (C-D). Although the profile shows 
the accumulation of slope failure debris at the toe of the bluff (D-E), wave 
erosion at the bluff toe is the primary cause of slope failure at this profile 
site. The three critical failure surfaces shown on the profile have safety 
factors ranging from 0.75 to 0.97, indicating unstable slopes. 

Profile B--Profile B, presented in Figure 18, shows a 56-foot-high bluff 
typical of Bluff Analysis Section 2. Groundwater seepage occurring at the top 
of the Oak Creek till may result in the relatively steep slope shown at B-C. 
A large amount of debris has accumulated at the bluff toe CC-D), but active 
wave erosion is the primary cause of slope failure at this profile site. The 
slope stability analysis indicated an unstable slope with a safety factor 
of 0.89. 

Profile C--Bluff Analysis Section 3, which is composed entirely of sand, silt, 
and gravel, is illustrated for a 54-foot-high bluff by profile C, shown in 
Figure 19. Wave erosion, as well as groundwater seepage, at the bluff toe 
CD) are the primary causes of the slope failure. Several recent shallow slides 
were observed at the profile site. With a calculated safety factor of 0.77, 
the slope stability analysis indicated that the slope is unstable. 

Profile D--Profile D, shown in Figure 20, is one of three profiles which 
represent Bluff Analysis Section 4. The 50-foot-high bluff experiences severe 
groundwater seepage at the top of the New Berlin till CD). This groundwater 
seepage, along with wave erosion, reduces the stability of this lower slope 
and causes ultimate recession of the bluff. The slope stability analysis 
indicated safety factors of 0.98 for the entire bluff slope, and 0.67 for the 
lower and middle portions of the bluff slope. 

Profile E--Profile E, shown in Figure 21, is similar to profile D and is 
also located in Bluff Analysis Section 4. Severe groundwater seepage was 
observed at the top of the New Berlin till. Profile E exhibits recent reces­
sion of the bluff top. A safety factor of 0.80 was calculated for the entire 
54-foot-high bluff slope. 

Profile F--Figure 22 shows profile F, the third profile within Bluff Analysis 
Section 4. Although wave erosion of the bluff toe occurs, the slope is rela­
tively smooth because boulders located in the New Berlin till at the bluff 
toe provide some protection against wave action. The wave action removes the 
debris which is deposited at the bluff toe, but undercutting was not observed. 
Such boulders were also located at profile sites D and E, but lesser degrees 
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of wave erosion protection were 
provided. Groundwater seeps were 
again observed at the top of the 
New Berlin till. A slope stability 
analysis indicated imminent fail­
ure near the top of the 54-foot­
high bluff, with a safety factor 
of 0.75. 

Profile G--Profiles G, H, and I 
are located within Bluff Analysis 
Section 5. Within Section 5, the 
New Berlin till is located beneath 
lake level. Hence, large boulders 
are not present at the bluff toe 
to provide protection against wave 
action. Groundwater seepage was 
not observed in Section 5 during 
the December 1983 field survey, 
although it is expected that 
groundwater does occasionally dis­
charge from the bluff slopes. 
Profile G, shown in Figure 23, 
contains a relatively steep beach 
(C-D) and lower bluff slope (B-C). 
Slope stability analyses indicated 
a safety factor of 0.85 for the 
entire 48-foot-high bluff slope. 
However, a safety factor of 0.69 
was calculated for the middle por­
tion of the bluff. 

Profile H--Profile H within Bluff 
Analysis Section 5, shown in Fig­
ure 24, represent'S a 49-foot-high 
bluff with an actively receding 
bluff top. Although wave erosion 
remains the primary cause of the 

Map 9 
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slope failure, the lower bluff slopes (B-C and C-D) were not steep and were 
covered by debris which had fallen from the upper portion of the bluff. The 
most likely slope failure would occur on the upper bluff slope, with a calcu­
lated safety factor of 0.80. 

Profile I--Figure 25 shows· profile I within Bluff Analysis Section 5. This 
profile site contains a relatively wide beach (E-F-G) and a near-vertical bluff 
toe CD-E). The upper bluff slopes (A-B-C) showed evidence of recent failure by 
s lumping and sliding. A safety factor of 0.99 was calculated for the entire 
48-foot-high bluff, indicating a marginally unstable slope. This was the 
highest safety factor calculated within the unstable bluff portion of the study 
area, although a portion of profile K also had a safety factor of 0.99. 

Profile J--Profiles J, K, and L are located within Bluff Analysis Section 6 
north of the power plant site. Profile J, as shown in Figure 26, shows a rela­
tively smooth, 38-foot-high bluff. Wave erosion at the bluff toe (C-D) and 
groundwater seepage at the bottom of a layer of sand, reduces the stability of 
this slope. Within the entire bluff analysis section, wave erosion is reduced 
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Figure 17 
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Figure 18 

BLUFF PROFILE B ALONG 
THE LAKE MICH IGAN SHORELINE 
OF THE CITY OF ST. FRANCIS 

80 r---~--~--,---~--,---._--._--,---._--,_~ 

70 

60 
Z 
« 
'" ~ 50 

~ 
OJ 

" 40 « 
.J 

OJ 
> 30 0 .. 
« 
z 

20 0 
>= 
~ 
OJ 

10 .J 
OJ 

0 

0 

V 
\l 

NEW 8ERLIN TILL WITH 
INTERBEDDED SAND BLOCKS 

10 20 30 40 !SO 60 70 80 90 100 110 

DISTANCE (FEET) 

LEGEND 

ASSUMED MAXIMUM GROUNDWATER 
ELEVATION 

LAKE SURFACE 

Source: T. B. Edil and D. M. Mickelson, 
and SEWRPC. 

44 

Figure 19 

BLUFF PROFILE C ALONG 
THE LAKE MICHIGAN SHORELINE 
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Figure 20 

BLUFF PROFILE D ALONG 
THE LAKE MICHIGAN SHORELINE 
OF THE CITY OF ST. FRANCIS 
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BLUFF PROFILE F ALONG 
THE LAKE MICH IGAN SHORELINE 
OF THE CITY OF ST. FRANCIS 
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Figure 23 

BLUFF PROFILE G ALONG 
THE LAKE MICH IGAN SHORELINE 
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BLUFF PROFILE H ALONG 
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BLUFF PROFILE J ALONG 
THE LAKE MICH IGAN SHORELINE 
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Figure 27 

BLUFF PROFILE K ALONG 
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by the off-shore Milwaukee South 
Shore breakwater. A safety fac­
tor of 0.78 was calculated for 
this bluff slope, indicating that 
additional slope failure can be 
expected. 

Profile K--Profile K within Bluff 
Analysis Section 6, as shown in 
Figure 27, contains relatively 
mild upper bluff slopes (B-C-D), 
accumulated bluff debris on the 
lower bluff slope (D-E-F), and 
wave erosion at the bluff toe 
(E-F). Groundwater seepage occurs 
at the bottom of the sand layer. 
The slope stability analysis indi­
cated safety factors of 0.97 to 
0.99 for the 46-foot-high bluff. 

Profile L--Profile L, shown in Fig­
ure 28, represents a smooth slope 
within Bluff Analysis Section 6. 
The 36-foot-high bluff exhibited 
groundwater seepage at the bottom 
of a layer of sand and gravel. 
The beach was relatively wide (34 
feet), yet wave eros ion remained 
the primary cause of slope failure. 
Slope instability was indicated by 
a calculated safety factor for the 
entire bluff slope of 0.91. 

BLUFF RECESSION RATES 

The rate of shoreline erosion and 
bluff recession may be estimated 
by measuring the change in loca-

Map 10 

LAKE MICHIGAN BLUFF 
RECESSION REACHES IN THE 

CITY OF ST. FRANCIS 
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Source: SEWRPC. 

t 
10 

tion of a bluff edge over a specified time period. Bluff recession rates for 
the City of St. Francis were measured for two different time spans using 
Regional Planning Commission ratioed and rectified, 1 inch equals 400 feet 
scale aerial photographs. All measurements on the aerial photographs were made 
parallel to the U. S. Public Land Survey Section line which forms the southern 
boundary of the study area. The measurements were corrected for minor varia­
tions in map scale and for the angle of the shoreline in order to represent 
bluff recession perpendicular to the shoreline. 

Bluff recession was measured at intervals of 200 feet--the interval length 
being measured perpendicular to the section line--along the actively eroding 
portions of the study area shoreline except Bluff Analysis Section 3, which 
has only 160 feet of shoreline. These intervals define the boundaries of 
19 bluff recession reaches, which are shown on Map 10. The shoreline length 
of these reaches ranges from 160 feet to 360 feet, with the combined length 
of the bluff recession reaches totaling 4,440 feet. 
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Table 9 

BLUFF RECESSION RATES ALONG THE CITY OF 
ST. FRANCIS LAKE MICHIGAN SHORELINE 

Actively Annual Volume 
Erod ing Annual Recession of Bluff 

Bluff Bluff Shore line Rates (feet per year) Materia I Loss 
Analysis Recession Length (cubic feet 
Section Reach (feet) 1963-1980 1970-1980 per yea rIa 

1 1 200 5.6 5.3 76,200 
2 240 5.0 4.5 81,600 

Subtotal 440 5.3 4.9 157,800 

2 3 200 4.8 4.6 55,700 
4 200 3.3 5.1 34,300 
5 200 2.7 3.1 28,100 

Subtotal 600 3.6 4.2 118,100 
. 

3 6 160 4.7 5.1 17 ,600 
Subtotal 160 4.7 5.1 17 ,600 

4 7 240 2.0 3.6 24,000 
8 200 2.4 3.0 24,000 

Subtotal 440 2.2 3.3 48,000 

5 9 280 3.7 4.5 47,700 
10 200 3.2 6.3 28,200 
11 280 4.1 6.3 50,500 
12 240 3.2 4.1 32,300 
13 200 2.0 3.3 16,800 

Subtotal 1,200 3.3 4.9 175,500 

6 14 360 0.2 0.0 3,600 
15 200 0.5 0.9 4,200 
16 240 0.3 0.6 2,900 
17 280 2.0 1.4 22,400 
18 280 0.8 0.8 9,400 
19 240 2.8 2.7 25,500 

Subtotal -- 1,600 1.1 1.0 18,000 

Total -- 4,440 2.7 3.2 535,000 

aBased on recession rates for 1963-1980. 

Source: SEWRPC. 

Table 9 presents the measured recession rates for the time periods 1963 through 
1980 and 1970 through 1980 for each bluff recession reach. Shoreline length 
and the volume of bluff material lost for each reach are also presented in 
the table. The recession rates for the period 1963 through 1980 range from 
0.2 foot per year to 5.6 feet per year, with a shoreline length-weighted mean 
of 2.7 feet per year. The highest recession rates measured were located in 
Bluff Analysis Section 1, with a mean-weighted recession rate of approximately 
5.0 feet per year. Reaches with consistently low recession rates were located 
within Bluff Analysis Section 6, where the shore is protected by the Milwaukee 
South Shore breakwater. 

For the period 1970 through 1980 the recession rates ranged from zero to 
6.3 feet per year, with a mean recession rate of 3.2 feet per year. The 
highest recession rates occurred in portions of Bluff Analysis Section 5. 
The lowest recession rates were again located in Section 6. 
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The 1963 through 1980 average annual recession rates may be generally lower 
than the 1970 through 1980 rates because Lake Michigan water levels were at 
record lows during the early 1960's. Low lake levels may be expected to result 
in lower recession rates because the beaches would be wider and the bluff toes 
thus less susceptible to wave attack. 

I 

The Wisconsin Electric Power Company has mapped the location of the shoreline 
and the bluff edge for selected years between 1917 and 1980. 11 Recession 
rates measured from the power company maps were similar to those measured from 
the aerial photographs. This indicates that the Commission aerial photograph 
measurements of bluff recession rates are reasonable representations of reces­
sion rates observed over longer periods of time. 

The volume of bluff material lost by erosion annually is also set forth in 
Table 9. Bluff recession, as measured from 1963 through 1980, results in the 
loss of about 0.3 acre of land each year containing approximately 535,000 cubic 
feet of bluff material. Although only 24 percent of the actively eroding study 
area shoreline--or 11 percent of the total study area shoreline--exhibits 
a recession rate exceeding four feet per year, that 24 percent accounts for 
about 53 percent of the total bluff material loss in the study area. 

SUMMARY 

This chapter presents an inventory of certain elements of the natural resource 
base relevant to coastal erosion and related land use management, summarizes 
existing land use and zoning patterns, and sets forth the findings of an 
inventory and analysis of the types, causes, and rates of shoreline erosion 
and bluff recession occurring within the City of St. Francis. This information 
is necessary for the delineation of those land areas which may be expected to 
be affected by bluff recession, for the selection and evaluation of structural 
and nonstructural shoreline erosion management measures, and for the considera­
tion of alternative land uses for the study area. Natural resource data on 
geology and glacial deposits, soils, bluff and beach characteristics, ground­
water resources, and climate are presented. 

The City of St. Francis shoreline is underlain by Precambrian, Cambrian, 
Ordovician, and Silurian bedrock comprised primarily of dolomite, shale, sand­
stone, and crystalline rock. The bedrock is covered by unconsolidated glacial 
deposits which range up to 100 feet in thickness. Several layers of glacial 
debris, including the Oak Creek Formation, the New Berlin Formation, and the 
Zenda Formation, can be identified on the eroding bluff faces along the City's 
Lake Michigan shoreline. 

Soil properties influence the rate of stormwater runoff and the severity of 
surface erosion. Soil properties are also an important consideration in the 
evaluation of suitable land uses for an area. About 53 percent of the coastal 
erosion study area is covered by Ozaukee soils, which have a low infiltration 
capacity, low permeability, and poor drainage. About 44 percent of the study 
area is covered by disturbed soils, the area so covered comprising generally 
the Wisconsin Electric Power Company power plant site. The remaining 3 percent 
of the study area is covered by water enclosed by the power company dike. 

llWisconsin Electric Power Company, property plat south of Lakeside power 
plant building, 1980. 
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Bluff heights along the shoreline range up to nearly 70 feet above beach 
levels. About one-half of the shoreline has bluffs ranging from 40 to SO feet 
in height. The most dominant bluff material identified was the Oak Creek till. 
This material was the predominant material along 65 percent of the actively 
eroding shoreline. Other common bluff materials found were sand and gravel, 
and silt and sand. The bluff slopes along about 54 percent of the shoreline 
were stabilized and covered with vegetation. The composition of the bluffs 
was not identified in these stable areas. 

The most common beach materials found were sand, gravel, cobbles, and boulders. 
The most extensive beaches, exceeding 60 feet in width, were found to be 
located in the northern portion of the study area and were composed of sand 
and gravel. About 28 percent of the shoreline had a beach width ranging from 
1 foot through 20 feet; about 17 percent of the shoreline had a beach width 
ranging from 21 through 40 feet; about 9 percent of the shoreline had a beach 
width ranging from 41 through 60 feet; and about 15 percent of the shoreline 
had a beach greater than 60 feet wide. About 31 percent of the shoreline had 
no defined beach. 

Along the City of St. Francis shoreline, groundwater generally flows toward 
Lake Michigan. Two major aquifers underlie the coastal area: the deep sand­
stone aquifer and the Niagara dolomite aquifer. In addition, the sand and 
gravel glacial deposits that lie above the Niagara bedrock may act as water­
bearing units. There are numerous groundwater discharges and seepages on the 
bluff slopes, contributing to the instability of the 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 may be expected throughout approximately four months each 
winter season. About 17 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 City of St. Francis coastal erosion study area encompasses a total of about 
162 acres. The two major land use categories within the study area are unused 
urban land, which accounts for about 70 acres, or 43 percent of the study area, 
and communications and utilities, which accounts for about SO acres, or 31 per­
cent of the study area. 

Zoning ordinances are important land use regulations. Under the present zoning 
ordinance in effect in the City of St. Francis, the study area is divided into 
three zoning districts--institutional, industrial, and residential--all of 
which permit urban development. 

Approximately 80 percent of the land in the study area is owned by the Wis­
consin Electric Power Company. All of the facilities and buildings within this 
property are located on the fence-enclosed, 76-acre parcel of land referred 
to as the main power plant site. The remaining 54 acres of land owned by the 
power company are vacant. A portion of Milwaukee County's Bay View Park is 
located in the northern portion of the study area. 

Bluff erosion is of particular concern in the study area because it results in 
property loss and may pose a threat to human safety. Bluff erosion may occur 
as toe erosion, slumping, sliding, flow, surface erosion, and solifluction. 
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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, lake level 
fluctuations, ice formation, groundwater seepage, surface runoff, and vegeta­
tive cover. 

Shoreland development and activities are regulated by federal, state, and local 
units and agencies of government. The U. S. Army Corps of Engineers is the 
primary federal agency responsible for certain structures, dredging, and wet­
land protection structures. The City of St. Francis has not found it necessary 
to include provisions pertaining to Lake Michigan shoreline erosion hazards 
within its zoning ordinance, and no county shoreland zoning ordinance applies 
within the City. 

On-shore and off-shore protection structures have been installed to provide an 
artificial protective barrier against direct wave and ice damage to the beach 
and bluff toe, to increase the extent of the beach, to dissipate off-shore wave 
energy, and to stabilize bluff slopes. On-shore protection structures within 
the study area include a rubble mound porous dike and two revetments which 
extend north and south of the dike. The Milwaukee South Shore breakwater 
provides additional protection to the northern portion of the study area. 

A detailed inventory of the physical characteristics and erosion-related 
characteristics of the actively eroding bluffs in the City of St. Francis was 
conducted in December 1983. The results of the inventory indicated that the 
primary cause of bluff recession in the study area is bluff toe erosion caused 
by wave action. Groundwater seepage also is a major cause of slope failure in 
some portions of the study area. Shallow sliding is the most common type of 
slope failure on the St. Francis bluffs. 

Bluff profiles were prepared for selected sites along the City's shoreline. 
The profile sites were selected to be representative of bluff areas with 
different physical characteristics and different causes and types of slope 
failure. Each profile showed slopes, the lengths of different slope sections, 
and the composition of the bluff. For each of the profiles, a slope stability 
analysis was conducted to evaluate existing slope stability and predict future 
bluff slope failure. The results of the analyses were used in the selection 
and development of alternative shore protection measures. 

Bluff recession rates for the City of St. Francis study area were measured 
using the Regional Planning Commission aerial photographs taken periodically 
from 1963 through 1980. For the period 1963 through 1980, about 24 percent of 
the actively eroding portions of the study area shoreline exhibited bluff 
recession rates of less than 1. 0 foot per year. About 10 percent of the 
shoreline exhibited a bluff recession rate exceeding 5.0 feet per year. The 
highest recession rate measured from 1963 through 1980 was 5.6 feet per year, 
which occurred in the southernmost reach of the study area. The mean recession 
rate over the period 1963 through 1980 was 2.7 feet per year. In general, the 
average annual bluff recession rates measured over the period 1970 through 
1980 were s lightly higher than the annual recession rates measured over the 
period 1963 through 1980. Bluff recession in the study area results in the 
loss of about 535,000 cubic feet of bluff material annually. 
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Chapter III 

EVALUATION OF COASTAL EROSION PROBLEMS AND CONTROL MEASURES 

INTRODUCTION 

Shoreline erosion and bluff recession along Lake Michigan is a natural phenom­
enon which is causing the loss of shore1and area in the City of St. Francis. 
The identification of the shore1and areas which are expected to be affected 
by shoreline erosion and bluff recession is essential to the evaluation of 
structural and nonstructura1 erosion control measures for the shore1and area. 
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 the City of St. Francis, to evaluate alternative struc­
tural shore protection measures, to identify erosion risk distances and setback 
distances for new urban development which are related to the erosion risks, 
and to provide criteria which relate shoreline erosion to land use management, 
construction activity, and stormwater management. This information is intended 
to enable city officials and other concerned and affected parties to better 
assess potential erosion losses and to agree on those erosion control and land 
use management measures recommended in Chapter IV of this report. The sound 
evaluation of shoreline erosion and its management helps ensure that develop­
ment and redevelopment of the study area will occur with full knowledge of the 
required shore protection measures and the suitability of various land uses 
and land management activities for shore1and areas. 

The first section of this chapter following this introduction describes the 
analytic procedures and criteria used to evaluate alternative structural 
shore protection measures; to identify and map the erosion risk distances; to 
calculate setback distances for new urban development; and to select proper 
land use management practices such as construction site erosion control and 
stormwater management practices for shore1and areas. The second section evalu­
ates alternative shore protection measures for the study area. The third 
section delineates the erosion risk distances and setback distances from the 
existing shoreline as identified under a 50-year time period if additional 
shore protection structures are not implemented, and the erosion risk distances 
and setback distances if additional shore protection structures are imple­
mented. The fourth section presents proper land use management measures, and 
the fifth and final section summarizes the chapter. 

ANALYTIC PROCEDURES AND CRITERIA 

The analytic procedures and criteria set forth in this chapter relate to shore­
line erosion control with both structural and nonstructural measures. This 
section describes the methodologies used to evaluate shoreline erosion and 
bluff recession and the various means of either controlling or reducing the 
damages from that erosion and recession. These same procedures can be applied 
in the detailed design of development proposals and in the detailed engineering 
analysis of shore protection measures. 
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Structu ral Shore Protection Measu res 

In order to properly consider alternative structural shore protection measures, 
detailed, site-specific evaluations are required of the physical characteris­
tics of the beach and bluff, wave and ice conditions, the causes of erosion, 
the degree of hazard posed by erosion, the intended use of the shoreline, the 
existing value of the property to be protected, and the resources which can 
be committed to the undertaking. In addition, in selecting a shore protection 
structure, the initial cost of the structure must be considered, along with 
the availability of needed materials and expertise and the frequency, cost, 
and convenience of maintenance. Structural shore protection measures which are 
known to be effective require a substantial capital investment, and entail 
a considerable maintenance cost. The existing shore protection structures in 
the study area are described in Chapter II. 

Effective shore protection may require a combination of bluff toe protection, 
surface water and groundwater drainage control, and bluff slope stabilization. 
The effectiveness of structures can be assured only if proper structure repair 
and maintenance is provided. Shore protection structures may be provided if 
it can be shown that such structures will effectively reduce shoreline erosion 
and not adversely affect adjacent sections of the shoreline or impair public 
rights in navigable waters; that the structures will not preclude adequate 
public access, use, and enjoyment of the shoreline environment; and that 
any adverse impacts on fish and wildlife resources caused by the structures 
will be minimized or compensated for by providing fish and wildlife preserva­
tion measures. 

A comparison of selected characteristics of shore protection structures is set 
forth in Table 10. Data are presented only for those structures and erosion 
control measures which may be applicable to the City of St. Francis shoreline. 
These structures and control measures include revetments, bulkheads, groins, 
off-shore breakwaters, surface water and groundwater drainage controls, and 
bluff slope regrading and revegetation measures. The table presents certain 
requirements for successful application of the structures, lists the advan­
tages and disadvantages of each structure, and notes the compatibility of 
the structure with alternative shoreline uses. These data serve as the basis 
for determining which structures should be evaluated in detail for selected 
shoreline reaches. 

Analytic procedures and general design criteria for different types of shore 
protection structures are set forth in Table 11. The analysis of the need for, 
and selection of, shore protection structures should include identification 
of the causes of shoreline erosion and bluff recession, consideration of wave 
conditions and off-shore lake bottom profiles, and determination of the avail­
ability of sand being transported in near-shore currents. In addition, soil 
analyses and slope stability analyses should be conducted, and surface water 
and groundwater drainage characteristics should be examined. The design cri­
teria in the table relate only to the preliminary design and sizing of shore 
protection structures; detailed design criteria for structures are set forth 
in the U. S. Army Corps of Engineers' Shore Protection Manual (1977). The 
criteria set forth in the table include the selection of a design lake level 
and design wave; the provision of measures to protect against structure flank­
ing, scouring, overtopping, and undercutting; the provision of adequate surface 
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Table 10 

COMPARISON OF SHORE PROTECTION MEASURES 

Shore 
Protection 
Measures Protection Provided Requirements Advantages Disadvantages 

Revetment Protects the bluff toe Bluff slope stabiliza- Ease of maintenance. Loss of beach in front 
against wave action tion is requ ired above Flexible, durable of revetment may be 

revetment intensified. Heavy 
equipment requ ired 
for installation 

Bulkhead Protects the bluff toe Bluff slope stabiliza- Uniform appearance. Loss of beach in front 
against wave action. tion is requ ired above Often maintenance-free. of bulkhead may be 
Retains and prevents bulkhead May provide good access intensified. Special 
slid ing of bluff to shorel ine equipment may be needed 

for insta Ilation. Bul k-
heads are generally not 
flexible and are expen-
sive to repa i r 

Groin Traps sand in nea r- Sufficient sand ava i 1- Beach may serve as Trapp ing the sand 
shore currents to b i I ity in nea r-shore a ree rea t i on a rea. supply may reduce 
create or extend a currents is requ ired. G ro i ns may be flexible the ava i lable sand 
beach and the reby Artificial beach nour- and maintenance-free for down-current 
reduce wave action ishment could be beach areas 
on toe of bluff requ ired 

Off-shore Reduces wave action No special requ i rements New breakwater could Heavy equipment 
Breakwater upon beach and bluff form an extens i on of mounted on ba rges 

toe. AI so provides the existing Milwaukee may be requ ired 
she I ter for sma II South Shore breakwater. for installation 
boats Use of shore line is and maintenance 

not restricted 

Bluff Stable bluff slope is Bluff toe protect i on A stable, well-vegetated Upland areas will be 
Reg rad i ng provided which, if and, where necessary, bluff slope can be lost as bluff slope 
and properly protected, surface- and g round- aesthetically pleasing is reg raded to a 
Revegetation wi II prevent fu rthe r water drainage and su i tab I e for a stable slope. These 

bluff recession. cont ro I must be wide range of shore- up I and a rea s, however, 
Surface soi I eros ion prov i ded line activities. Bluff wou Id be subject to 
is cant ro I led and slopes may be planted a high risk of erosion 
stormwater runoff with maintenance- if the bl uff slope 
can be reduced free vegetation were not reg raded 

Surface Surface water drainage Drainage controls should P rope r d ra i nage wi I I None 
Water and reduces surface erosion be implemented togethe r imp rove the stability 
G roundwa te r Of exposed bluff so i Is wi th bluff slope of bluff slope and 
Dra inage and prevents gul lying. reg rad i ng and bluff protect ive structures. 
Contro I s Groundwater drainage toe protect i on. Drainage {'aci'ities are 

reduces seepage and Detai led analysis of relatively maintenance-
stability of slopes by g roundwa te r system free and should not limit 
reducing hydrostatic is requ ired the use of the shorel ine 
pressure and prevent-
i ng sapping of bluff 
materia I s 

a use compatibi I ity shown is for tYpical structures. Modifications to the design and construction of the structures may reduce 
shorel ine use I imitations. 

Source: SEWRPC. 

Compatibi I ity With 
AI ternat ive Shore line uses a 

Wa I king Swimming Fishing Boating Aesthetics 

Fa i r Poor Poor Poor Fa i r 

Good Fa i r Good Fa i r Fa i r 

Good Good Good Good Good 

Good Good Good Good Good 

Good Good Good Good Good 

Good Good Good Good Good 
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Table 11 

RECOMMENDED ANALYSIS PROCEDURES AND GENERAL 
DESIGN CRITERIA FOR SHORE PROTECTION MEASURES 

Shore 
Erosion 
Prob I em 

BlUff Toe 
Erosion 

Bluff Slope 
Instability 

G roundwa te r 
Seepage 

Excess j ve 
Su rface 
Water 
Runoff 
and Soi I 
Eros i on 

Source: SEWRPC. 

Potent ia I 
Appl icable 

Shore 
Protect i on 
Measures 

Revetment, 
Bu I khead, 
Groin, 
Off-shore 
Breakwater 

Reg rad i ng 
of Bluff 
Slope, 
Revegetation 

Groundwater 
Ora i "age 
Systems ~ 
Trench 
Drains, 
Hor i zonta I 
Drains, or 
Vertica I 
Well 
Pump i ng 
Systems 

Channe I 5, 
Diversions. 
CUlverts, 
Storm 
Sewers, 
Energy 
Dissipaters 

Recommended 
Ana Iys i 5 Procedures 

1. I dent i fy shore line reaches 
where bluff toe erosion 
significantly contributes 
to bluff slope instabi I ity. 

2. Determine lake bottom profi les 
off-shore of proposed structure 
and 300 feet on both sides 
of the structure, from the 
structure out to 8 water 
depth of at least 12 feet 

3. Consider design wave height 
and wave direction. and the 
erosive impacts of wave 
action on the proposed 
structure 

4. Determine whether enough sand 
is conta i ned with i n the nea r­
shore lake currents to support 
the rna i ntenance of a beach 
with the use of groins. 
Consider impacts on down­
current beach areas 

1. Identify shorel ine reaches 
which have unstable bluff 
slopes and determine cause 
of instability 

2. Evaluate bluff slope stabi I ity 
analyses and identify stable 
slope angles 

3. Conduct a thorough site 
ana lysis to ensure success­
fu I revegetat ion, inc I ud i ng 
cl imate, soi Is, slope, and 
water avai labi I Ity 

1. I dent j fy share line reaches 
whe re g roundwa te r seepage 
significantly contributes 
to bluff slope instabi I ity 

2. Collect and identify soi I 
borings at bluff and back 
from bluff 

3. I dent i fy so i I s and sed iments 
exposed at bluff face 

4. Determ i ne so i I d ra i nage 
characteristics 

5. Identify artesian aquifers 
and measure artesian hydro­
static pressures 

6. Determine groundwater seasona I 
fluctuations 

7. Conduct long-term soi I stabi I ity 
analysis to identify those 
reaches Which requi re seepage 
control to provide a stable 
bluff s lope 

1. I dent i fy sho re line reaches 
whe re su rface runoff 
significantly contributes 
to bluff slope instabi I Ity 

2. Eva I ua te pea k f I ow d i scha rges 
and flow velocities under 
proposed future land use 
conditions for the study area 

3. Identify existing gUllies 
and areas of excessive sheet 
and ri II eros ion 

Recommended Gene ra I 
Design Criteria 

1. Size the structure for design waves 
expected for a lOa-year recurrence 
interval high lake level, or 583.7 feet 
above Na tiona I Geodet i c Ve rt i ca I Datum. 
The 100-year recurrence interval high lake 
level is defined as instantaneous static 
lake level with a 1 percent chance of 
exceedance in any given year. Wave height 
and wave run-up effects are not reflected 
in the 100 .. yea r I eve I 

2. Select an appropriate design wave for 
structure design. Generally, flexible 
structures, such as revetments, requi re 
a lower design wave than more rigid 
structures, such as bulkheads. The design 
wave should be the lesser of: a) the maximum 
wave height generated by 'wiind acting 
along the critical fetch, or b) the maximum 
wave breaker he ight that can reach the 
site during design water level conditions. 
In other words, if the wind can produce 
a larger wave than can be supported at 
the si te, the ava i lable depth wi II 
control, not the wind 

3. Provide measures to protect the base 
of the structure from wave scouring 

4. Design loose rubble revetment structures 
with a slope not greater than one 
vertical on two horizontal 

5. Avoid structural damage or erosion 
on the landward side of the structure 
by prevent i ng the ave rtopp I ng of the 
structure by storm waves, or by 
providing for the positive drainage of 
any water which overtops the structure 

6. Provide measures to prevent excessive 
erosion along the flanks of the structure 

1. P rov i de a oequa te bedd i ng ma te ria I s to 
prevent unde rcut t i ng of the st ructu re. 
Loose rubble revetment structures 
should extend at least one design 
wave he i ght be I ow the I a ke bot tom 

1. Regrade bluff to indicated stable slope 
2. Provide adequate surface water drainage 

to prevent excessive surface erosion, 
and adequate groundwater dra inage to 
to help stabi I ize bluff slope. Provide 
bluff toe protection 

3. Follow proper procedures for species 
selection, site preparation, planting 
techniques, and follOW-Up care 

4. Select plant species which blend in with 
the shorel ine envi ronment, and which 
are suitable for desired shore! ine uses 

5. Uti I ize proper construction erosion 
control measures to prevent excessive 
erosion prior to vegetative cover growth 

1. Properly locate and size drainage 
facilities to prevent seepage from the 
bluff face which reduces slope stabi I ity 

2. Discharge water to a surface water 
system or to the base of the bluff 

1. Adjust stormwater dra inage systems, 
assuming the layout of streets for all 
proposed future land use development 
in the study a rea, to the topog raphy in 
order to minimize grading and drainage 
problems, to uti I ize to the fullest 
extent practicable the natural drainage 
system, and to p rov i de the most econom i ca J 
installation of a gravity flow system 

2. Design stormwater drainage systems for 
new deve lopment with i n the study a rea 
which do not create new drainage or 
flooding problems, or intensify exist­
ing problems at the shorel ine 

3. Locate and design stormwater drainage 
outlets to avoid discharging surface 
runoff over the top of the bluff, 
unless suitable conveyance facilities 
are provided to accommodate the flow 
without causing soi I erOSion or reducing 
the s ta b iii ty of the bluff s lope 

4. To prevent excessive scouring of open 
drainage channels, limit flow VelocitieS 
during the design storm to five feet 
per second for turf-I ined channels, and 
to 10 feet per second for concrete-lined 
channels. Limit turf-I ined side slopes 
to a maximum of one on two and one-ha If 

5. Provide energy dissipation measures 
where the velocity of overland flow 
is excessive, or where water flow 
is concentrated in erodible areas 



water and groundwater drainage; the selection of proper plant species and 
planting procedures for revegetation of the bluff slope; and the use of proper 
stormwater management techniques. 

Erosion Risk Distances and Setback Distances 

The delineation of areas with a high risk of erosion involves the prediction-­
based on analyses of existing and historic shoreline conditions and of .•. ~he 
pertinent physical characteristics of the shoreline set forth in Chapter II-~ 
of future bluff recession rates both with and without structural shore pro­
tection measures. The estimated future bluff recession rates were based on 
the assumption that recession will continue at the same average rate as it has 
historically occurred. The historic recession rates used were those measured 
by the Regional Planning Commission for the period 1963 through 1980. High 
erosion risk areas are delineated by determining the distance from the exist­
ing bluff edge which will 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 combined distance is referred to herein as the erosion risk distance. If 
adequate shore protection structures are provided, the erosion risk distance 
consists solely of the distance required to provide a stable slope. 

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 more stable 
slope. Second, for shoreline reaches currently unprotected by shore protection 
structures, the stable slope distance allows, at some future date, the oppor­
tunity to properly construct an adequate shore protection structure, which 
would include bluff slope stabilization. 

Setback distances from the existing bluff edge for new urban development were 
identified under both nonstructural (without shore protection) and structural 
(with shore protection) alternatives. Setback distances are comprised of the 
erosion risk distance plus a minimum facility setback distance. The minimum 
facility setback distance is intended to provide a safety factor, to maintain 
aesthetics at the bluff edge, 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. 

Nonstructu ral 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; that is, 
assuming that no additional structural erosion control measures would be 
provided. Nonstructural erosion risk distances are comprised of a bluff reces­
sion distance over a given time period, plus the distance requi~ed to grade 
the bluff face to a stable slope. Erosion risk distances were delineated for 
a 50-year period of continued bluff recession along the entire shoreline 
within the City. 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 
is discussed further below. 
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Nonstructural setback distances for new buildings and facilities are estab­
lished as the sum of the nonstructural erosion risk distance and a minimum 
facility setback distance. Minimum facility setback distances are presented 
below. The concepts used in estimating nonstructural erosion risk distances 
and attendant facility setback distances are illustrated in Figure 29. 

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. If the shoreline is 
to be provided with additional 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 
erosion risk distance and a minimum facility setback distance. The procedure 
used to estimate structural erosion risk distances and setback distances is 
shown in Figure 30. Structural setback distances would also apply to those 
portions of the Lake Michigan shoreline which are currently stabilized, even 
if no shore protection structure is in place. 

Stable Slope Angles: The use of an ultimate stable bluff slope of one on two 
and one-half was identified on the basis of the December 1983 field survey 
results. This slope was similar to stable slopes along the Lake Michigan bluffs 
reported by Edil and Vallejo. 1 Another report by Vallejo and Edil 2 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 City 
of St. Francis 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 maximum of 34°, if no groundwater is 
contained within the bluff. This information could be used to develop differing 
stable slopes along the shoreline, but was not used to calculate stable slopes 
for specific reaches of the shoreline 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 were conducted during only limited 
time periods. Substantial variation in seepage conditions was noted 
during these surveys. 

3. Within the City of St. Francis 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. 

IT. B. Edil and L. E. Vallejo, "Mechanics of Coastal Landslides and the Influ­
ence of Slope Parameters," Engineering Geology, Vol. 16, 1980, pp. 83-96. 

2L. E. Vallejo and T. B. Edil, "Design Charts for Development and Stability of 
Evolving Slopes," Journal of Civil Engineering Design, Vol. 1, No.3, 1979, 
pp. 231-252. 
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Figure 29 
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Figure 30 

PROCEDURE UTILIZED TO ESTIMATE STRUCTURAL EROSION 
RISK DISTANCE AND STRUCTURAL SETBACK DISTANCE 
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Thus, different 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 bluffs evaluated. This stable slope 
angle represents an appropriate conservative estimate of stable slopes expected 
under a full range of groundwater conditions. 

Land Use Management Related to Shoreland Development 

Land use development and land management activities within the study area 
require consideration of many complex, interrelated factors. Because of 
competing land use demands and because the Lake Michigan shoreline is 
a valuable limited resource, priorities can be established to encourage those 
types of land uses which are appropriate within the shoreland area. In general, 
land uses which are most appropriate for shore land development are those which 
significantly benefit, or are significantly enhanced by, a shoreland location, 
and those which do not increase the risk of erosion damage or interfere with 
the control of shoreline erosion. Potential future land uses for the study 
area may include residential use, park and open space, or lakefront-oriented 
commercial or institutional uses. These uses may not be equally suitable for 
the study area. Careful evaluation of each development proposal will be neces­
sary to determine its conformance with shoreland objectives and other local 
development needs and goals. 

This report evaluates only those aspects of land use development and land 
management activities which directly affect, or are affected by, shoreline 
erosion or the structural or nonstructural management of such erosion. The 
study thus identifies the risk of erosion damage presented by various land 
uses and land management activities and describes the suitability of various 
shore protection measures for potential development of the study area. The 
following criteria have been established to help evaluate land use impacts on 
shoreline erosion and its control: 

1. Development of the study area should not significantly increase the 
bluff recession rates or reduce the stability of the bluff slopes; if 
the risk of erosion and bluff recession is increased by the development, 
adequate mitigative shore protection measures should be undertaken. 

2. The selection of shore protection measures should be coordinated with 
the determination of future land uses in the study area. 

3. Structural and nonstructural minimum facility setback distances should 
be identified for land uses based upon the size and type of facilities 
and buildings constructed, and upon the extent and type of use of the 
bluff top, bluff slope, and beach areas. 

4. Whenever practicable and economically feasible, the selected shore pro­
tection structures should be compatible with the types of shoreline uses 
which would likely be supported by the potential land uses, and which 
are desired by the residents of the City of St. Francis. 
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The construction phase of urban development often results in excessive storm­
water runoff, soil erosion, and sedimentation problems. After the construction 
phase is completed, stormwater runoff problems may become apparent because of 
changes made to the land surface. The following section describes criteria that 
may be used to help control construction site erosion and stormwater runoff 
impacts on shoreline erosion within the City of St. Francis study area. Because 
the entire study area is in proximity to the Lake Michigan shoreline, it is 
imperative that sound erosion control and stormwater management practices be 
adhered to, since any problems which develop will likely affect the shoreline. 

Construction Site Erosion Control: Construction site erosion within the City 
of St. Francis study area is of particular concern, because increased amounts 
of stormwater runoff and sedimentation flowing over the top of the bluff and 
over the slope face itself could alter the shear strength of the materials 
within the bluffs, thereby reducing the stability of the bluff slopes. Pro­
visions for controlling surface stormwater runoff and soil erosion during 
construction should be included within the initial plans for urban development. 
The following four major concerns should be addressed when developing construc­
tion site erosion control measures for shoreland development: 

1. Construction activities should be carefully controlled and development 
restrictions applied where such construction could threaten the stability 
of the bluff slopes. 

2. The rate and volume of stormwater runoff during construction should be 
controlled if there is a threat of significant increases in soil erosion 
and bluff recession, or if the stability of the bluff slopes is reduced. 

3. Onsite erosion control measures should be implemented during the con­
struction phase to reduce soil erosion by limiting the extent and 
duration of exposure of exposed soil surfaces. 

4. Measures should be utilized to prevent the tracking or dropping of soil 
onto any public or private streets. 

Stormwater Runoff Control: The rate and volume of stormwater runoff is influ­
enced by the type of land use in the study area. Presently, the largest single 
land use within the City of St. Francis study area is unused urban land. The 
potential conversion of this open land from its naturally vegetated state to 
developed urban land uses, as well as other land use changes, would increase 
the proportion of impervious areas--roads and streets, parking lots, and roof­
tops--which would result in increased volumes of stormwater runoff and 
decreased runoff times for any given rainfall event. The following stormwater 
management shoreline erosion and bluff recession objectives should be addressed 
in development plans for the study area: 
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1. The stormwater drainage facilities should reduce the loss of real and 
personal property damage resulting from inadequate stormwater drainage 
and from stormwater runoff, both of which may increase the risk of 
bluff recession. 

2, The stormwater drainage facilities should be designed to accommodate 
stormwater runoff from proposed land uses by considering the type of 
development and the topography of the land surface to be developed. 
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3. The stormwater drainage facilities should be designed to control soil 
erosion and sedimentation problems which may increase shoreline erosion 
and bluff recession. 

4. The stormwater drainage facilities should be designed to prevent storm­
water runoff-related damages to shoreline protection measures. 

STRUCTURAL SHORE PROTECTION MEASLIRES 

Based upon the inventory information set forth in Chapter II, alternative 
structural shore protection measures were developed and evaluated for the 
actively eroding shoreline in the study area. This chapter sets forth concep­
tual designs for and the estimated costs of alternative structural measures. 
More detailed and comprehensive data on the bathymetry and configuration of 
the near-shore area, groundwater drainage conditions, wave conditions, and 
bluff loading and soil characteristics are required for the actual engineering 
design of any structural measure. The type of structural measure selected 
is also dependent upon the intended use of the study area, and particularly 
the shoreline adjacent to the lake. The alternative structure designs and 
associated costs presented in this chapter are based upon structural design 
examples prepared for similar Lake Michigan shoreline areas. 1 The general 
designs and cost estimates represent structures with an expected economic life 
of 25 to 50 years. All costs are presented in 1984 dollars. 

Complete shore protection within the study area will require a combination of 
bluff toe protection, bluff slope stabilization, and surface water and ground­
water drainage control. Several measures are available to protect the toe of 
the bluff against the erosive forces of wave action and ice damage. Bluff 
slope stabilization is required to prevent the continued failure and subse­
quent recession of the unstable bluff slopes even after toe protection is 
provided and to help ensure that the toe protection measures remain struc­
turally sound. Surface water drainage control is required to prevent sig­
nificant amounts of surface water runoff from discharging over the top of the 
bluff. Such surface runoff could erode the regraded bluff slope and accumulate 
behind the bluff toe protection measures, resulting in a buildup of hydrostatic 
pressure which could damage the protection measures. Groundwater drainage con­
trol is required to abate excessive groundwater seepage from the bluff slopes 
which would threaten the stability of even a regraded bluff slope. 

BI uff Toe Protection Measu res 

Alternative bluff toe protection measures evaluated for the St. Francis study 
area include rip-rap revetments, bulkheads, groins, and breakwaters. These 
structures protect the bluff toe either by providing an armor material at the 
toe to retain the bluff and prevent wave or ice erosion, or by extending the 
beach area to absorb the wave and ice energy before it reaches the bluff. 

Rip-Rap Revetment: Revetments contain a flattened slope at the bluff toe 
armored with material resistant to wave erosion and ice damage, and underlaid 
by filter cloth and gravel bedstone. The armor layer would consist of natural 

lSee Owen Ayres & Associates, Great Lakes Shore Erosion Protection, Structural 
Design Examples, Wisconsin Coastal Management Program, August 1978. 
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rock rip-rap. The armor layer resists the wave and ice action and provides 
structural stability. The gravel bedstone and filter cloth support the armor 
layer against settlement, provide drainage through the revetment, and prevent 
underlying soil from being washed through the armor layers by waves or ground­
water seepage. Toe protection would be provided to prevent lakeward displace­
ment of the revetment caused by wave scouring. Flank protection would also be 
provided to prevent erosion at the ends of the revetment by tying the revet­
ment to adjoining structures or to an adjacent stabilized bluff slope. The 
revetment would be designed similar to the revetment located just south of the 
Wisconsin Electric Power Company Lakeside power plant. Figure 31 shows a cross­
section of the rip-rap revetment constructed by the Wisconsin Electric Power 
Company. The revetment would be placed along the entire shoreline within Bluff 
Analysis Sections 1 through 6. 

The advantages of a rip-rap revetment are that it is relatively easy to con­
struct and maintain; it is flexible; and it creates a relatively natural 
appearance to the shoreline. In addition, maintenance of a beach would be 
more likely with a revetment than with a bulkhead because a revetment causes 
less wave reflection and downcutting. 

The primary disadvantage of a rip-rap revetment is that the structure generally 
makes human use of the immediate shoreline area difficult and access to the 
lake water may be precluded. A revetment is generally poorly suited for use 
for swimming, boating, and fishing, although recreational facilities such as 
walkways and piers may be incorporated into the design. 

Construction of a rip-rap revetment along the Lake Michigan shoreline of the 
City of St. Francis similar to the revetment in place just south of the Lake­
side power plant would require a capital cost of approximately $860 per linear 
foot of shoreline, or about $3.8 million for the entire actively eroding shore­
line within the study area. Average annual maintenance costs for a revetment 
range from 1 to 2 percent of the capital cost. 4 Therefore, maintenance 
costs could range up to about $80,000 per year. It should be noted that depend­
ing upon the type and location of development to be protected, the revetment 
could be designed for a somewhat smaller level of protection, at a potential 
reduction in cost of up to 50 percent. 

Bulkhead: Bulkheads are retaining walls usually constructed of concrete, 
steel sheet piling, or timber which support the base of the bluff and provide 
protection against wave and ice action. Three alternative bulkhead designs 
were evaluated for the study area: a concrete cantilevered bulkhead, a steel 
sheet piling bulkhead, and a concrete-stepped bulkhead. 

Concrete Cantilevered Bulkhead--A cantilevered, cast-in-place-reinforced con­
crete bulkhead, as illustrated in Figure 32, would be constructed to both retain 
the bluff toe and provide protection against wave and ice action. The bulkhead 
would consist of a concrete base with a cantilevered wall. The wall would be 
constructed with weep holes and backfilled with sufficient coarse granular 
material to prevent hydrostatic pressure buildup and frost heave. Rip-rap toe 
protection would be provided. A cantilevered bulkhead derives its support 

4J. Philip Keillor, Coastal Engineer, University of Wisconsin-Sea Grant Pro­
gram, Personal Communication, July 1984. 
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Figure 31 
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solely from ground penetration, so sufficient embedment is required. A canti­
levered bulkhead could be placed along the entire shoreline within Bluff 
Analysis Sections 1 through 6. 

A primary advantage of a cantilevered bulkhead, as well as other bulkheads, 
is that the structure can be constructed to a height of 10 to 15 feet above 
the existing beach and can be placed lakeward of the existing bluff toe. Fill 
would be placed behind the bulkhead and the bluff slope could be regraded 
from the top of the bulkhead, rather than from the existing bluff toe. This 
would effectively reduce the required bluff toe regrading distance to achieve 
a stable bluff slope, as shown in Figure 33. Thus, these stable slope dis­
tances could be significantly reduced if a bulkhead was constructed. Another 
advantage of a bulkhead is that it provides a uniform appearance and may be 
suited for recreational facilities such as walkways, piers, and boat slips 
which may enhance the use of the shoreline. The construction of a cantilevered 
bulkhead would not require special heavy-duty or pile-driving equipment. 

A disadvantage of a bulkhead is that the structure is relatively inflexible, 
and maintenance, when required, is fairly difficult and expensive. If a high 
bulkhead is constructed, direct access to the lake water could be difficult, 
and uses such as swimming would be precluded. A bulkhead also reflects the 
waves, causing downcutting, and it is likely that the existing beach areas 
would be eroded by the wave action. 
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Figure 33 
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Construction of a concrete cantilevered bulkhead along the Lake Michigan 
shoreline of the City of St. Francis would require a capital cost of approxi­
mately $400 per linear foot of shoreline, or about $1. 8 million for the 
entire actively eroding shoreline within the study area. Average annual 
maintenance costs are assumed to range up to 2 percent of the capital cost, 
or $35,000. 

Steel Sheet Piling Bulkhead--A steel sheet piling bulkhead, as shown in 
Figure 34, would provide the same type of protection provided by a concrete 
cantilevered bulkhead. The structure would be deeply embedded beneath the beach 
surface, and would include the construction of a piling with adequate walers 
to provide rigidity. As an alternative design, the sheet piling could also 
be anchored with tie backs, as also shown in Figure 34. Rip-rap toe protec­
tion and weep holes for drainage would also be provided. The structure would 
be backfilled with coarse granular material. A steel sheet piling bulkhead 
could be placed along the entire shoreline within Bluff Analysis Sections 1 
through 6. 
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A steel sheet piling bulkhead has advantages and disadvantages similar to 
those described above for concrete cantilevered bulkheads. However, special 
pile-driving equipment is required to install the structure. Construction of 
a steel sheet piling bulkhead along the Lake Michigan shoreline of the City of 
St. Francis would require a capital cost of approximately $630 per linear foot 
of shoreline, or about $2.8 million for the entire actively eroding shoreline 
within the study area. Average annual maintenance costs are assumed to range 
up to 2 percent of the capital cost, or about $60,000. 

Concrete-Stepped Bulkhead--A third alternative bulkhead design involves con­
struction of a massive, cast-in-place, concrete-stepped bulkhead, as shown in 
Figure 35. The bulkhead, cast as a massive, gravity-held structure to resist 
overturning by wave action or soil pressures, would include a splash apron 
along the crest of the bulkhead to prevent erosion caused by wave action over­
topping the structure. As shown in the figure, the face of the bulkhead would 
be stepped toward the lake. A concrete-stepped bulkhead could be placed along 
the entire shoreline within Bluff Analysis Sections 1 through 6. 

A concrete-stepped bulkhead would have the same advantages as a concrete 
cantilevered bulkhead regarding reduced stable slope distance, uniform appear­
ance, and suitability for recreational facilities. In addition, a concrete­
stepped bulkhead would not require deep embedment or piles beneath the beach, 
and the steps would provide access to the lake water. The structure would 
therefore be more suitable for uses such as swimming and fishing than would 
a revetment or other types of bulkheads. In addition, a concrete-stepped bulk­
head would probably require less maintenance. 

The disadvantages described above for a concrete cantilevered bulkhead con­
cerning structure inflexibility and accelerated beach erosion would also 
apply to a concrete-stepped bulkhead, although the beach erosion would not 
be as severe because the face of the bulkhead is not vertical, resulting in 
less downcutting. 

Construction of a concrete-stepped bulkhead along the Lake Michigan shoreline 
of the City of St. Francis would require a capital cost of approximately $1,140 
per linear foot of shoreline, or about $5.1 million for the entire actively 
eroding shoreline within the study area. Average annual maintenance costs are 
assumed to range up to 1 percent of the capital cost, or about $50,000. 

Groins: Groins are connected to and constructed perpendicular to the shore­
line and are intended to partially obstruct the longshore current which results 
in the accumulation of sand up-current of the structure. A series of groins 
can trap enough sand to build an artificial beach which absorbs wave energy 
and protects the bluff toe. However, the Lake Michigan longshore current is 
interrupted by the Milwaukee South Shore breakwater, and insufficient sand is 
available to maintain an artificial beach. Therefore, groins would not be an 
effective means of building and maintaining a sand beach in the study area. 

However, groins could be used to maintain an artificially filled gravel-cobble 
beach in Bluff Analysis Section 6. Section 6 is protected by the Milwaukee 
South Shore breakwater, and the breakwater should sufficiently reduce wave 
energy so that a beach composed of relatively large--up to 10 inches in 
diameter--beach material could be maintained with the use of relatively short 
groins. The groins, as shown in Figure 36, would be constructed of limestone 
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Figure 35 
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slabs and would be connected to the existing bluff toe and extend from the 
beach area into the lake. Rip-rap toe protection would be provided at the 
lakeward end of the groins. The groins would be of sufficient height to prevent 
flanking and excessive overtopping. The area between the groins would be filled 
with well-graded material--primarily gravel and cobbles. Some sand would also 
likely be trapped by the groins. Periodic replenishment of the beach material 
may be required. 

The primary advantage of a groin system artificially filled with gravel and 
cobbles in' Bluff Analysis Section 6 is that an extended beach would be pro­
vided to protect the bluff toe against wave action and to allow access to the 
lake for walking, swimming, fishing, and boating. Detailed wave analyses would 
be required to determine whether additional structures would be needed to 
prevent further bluff toe erosion. 

The disadvantages of a groin system are that considerable maintenance may be 
required to keep the extended beach intact, and insufficient bluff toe protec­
tion may be provided by the beach during large storm events. Furthermore, the 
Wisconsin Department of Natural Resources currently prohibits artificial beach 
nourishment with sand. Both the Wisconsin Department of Natural Resources and 
Milwaukee County may have to approve the filling of the groin spaces with 
gravel and cobbles. 

The construction of a series of limestone slab groins and an artificial gravel­
cobble beach in Bluff Analysis Section 6 would require a capital cost of 
approximately $125 per linear foot of shoreline, or approximately $200,000 for 
Section 6. Annual maintenance costs are estimated at $5,000. 
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Breakwater: Breakwaters are protective structures built out from, and gener­
ally parallel to, the shore. They provide dissipation of deep-water wave 
energy. A description of the Milwaukee South Shore breakwater, which protects 
the northern part of the study area, is presented in Chapter II. As noted in 
Chapter II, the breakwater has deteriorated significantly since its construc­
tion in 1930 and 1931. It has been estimated that a significant amount--perhaps 
half--of the wave energy that reaches the breakwater overtops the structure 
and reaches the shoreline. 5 

The advantages of repairing the existing Milwaukee South Shore breakwater are 
that the breakwater would serve to provide some additional protection of the 
eroding bluff toe in Bluff Analysis Section 6 and further enhance the devel­
opment of a beach. Repair of the breakwater would be more economical than 
constructing a new breakwater. Also, breakwaters do not interfere with any 
recreational shoreline uses. 

A disadvantage of repairing the existing breakwater is that heavy equipment 
mounted on barges would be required for the installation and continued mainte­
nance. Furthermore, even with recons truct ion of the breakwater, additional 
bluff toe protection measures and beach stabilization measures may be required 
to adequately protect Bluff Analysis Section 6. Since maintenance of the 
breakwater is the responsibility of Milwaukee County, repair of the structure 
would have to be coordinated, and conducted cooperatively, with the County. 

Reconstruction of the entire 9,350-foot-Iong Milwaukee South Shore breakwater 
would require a capital cost of approximately $13.2 million. Annual mainte­
nance costs following reconstruction could range up to 2 percent of the capital 
cost, or $260,000. Reconstruction of only the 4,600-foot-Iong section of the 
breakwater which protects the study area would entail a capital cost of 
approximately $6.5 million, and an annual maintenance cost of about $130,000. 

Other Bluff Toe Protection Measu res: Bluff toe protection could also be pro­
vided by gabions, interlocking concrete block revetments, longard tubes, and 
Beachbuilders of America, Inc., sand interceptors. Gabions, or rock-filled wire 
baskets, could be used to construct revetments or groins. They are flexible and 
can be relatively easy to construct and maintain. The gabions, however, may 
not withstand the wave energy and ice action present along an unprotected Lake 
Michigan shoreline. 

Revetments could be constructed of interlocking concrete blocks, of which 
several types are available commercially. The revetment would be constructed 
with a line of piling at its toe to hold the concrete blocks in place. The 
blocks would be placed on a gravel layer which overlies a filter cloth. How­
ever, interlocking concrete blocks tend to be relatively inflexible structures 
and may be susceptible to frost heave at the water line. 

A longard tube is a woven, polyethylene tube available in 40- and 69-inch 
diameters. The tubes are filled with sand at the installation site and can be 
used to construct revetments or groins. The tubes, however, are vulnerable to 
damage by vandals and by waterborne debris. 

SJ. Philip Keillor, 
Program, Letter to 
September 14, 1983. 

Coastal 
Earl K. 

Engineer, University of 
Anderson, Harbor Engineer, 

Wisconsin-Sea Grant 
Port of Milwaukee, 
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Beachbuilder sand interceptors are flexible, plastic strips which are anchored 
into the bottom of the lake just off shore. The undulating strips trap sand 
particles which can create an artificial beach, similar to the effect of 
a groin system. The beach would provide some protection against wave action 
at the bluff toe. The Beachbuilder system is easy to install and has a rela­
tively low cost. This system, however, would not likely be an effective 
alternative for the study area because little sand is transported in the 
longshore current due to the effects of the Milwaukee South Shore breakwater. 

Bluff Slope Stabilization 

Alternative bluff slope stabilization methods evaluated for the St. Francis 
study area include the cutback method and ~he terracing method. Both methods 
involve cutting back the existing bluff slope to provide slope stability. 

Cutback Method: Bluff slope stabilization can be accomplished by using earth­
moving equipment to regrade the face of the slope to a flatter, more stable 
profile, as shown in Figure 33. As previously discussed, it has been determined 
that a bluff slope of one on two and one-half would be required to provide 
stable bluff slopes in the study area. Regrading the bluff slopes to this 
stable angle would require cutting and removing about 229,000 cu~ic yards of 
bluff material, as set forth in Table 12, if bluff toe protection was to be 
provided without a bulkhead. If a bulkhead was to be used to provide toe 
protection, the amount of bluff material removed could be reduced by 41 per­
cent, to 137,000 cubic yards. Topsoil placement, seeding, and mulching would 
be required to develop a protective vegetative cover. Bluffs would need to be 
stabilized within Bluff Analysis Sections 1 through 6. 

A primary advantage of bluff slope stabilization is that further bluff reces­
sion would be prevented--provided that bluff toe protection and surface and 
groundwater drainage would be provided where needed. Slope stabilization 

Bluff 
Analysis 
Section 

1 
2 
3 
4 
5 
6 

Total 

Table 12 

AMOUNT OF BLUFF MATERIAL AND BLUFF TOP AREA 
REQUIRED TO BE CUT AND REMOVED TO PROVIDE 
A STABLE SLOPE OF ONE ON TWO AND ONE-HALF 

Bluff Toe Protection Bluff Toe Protection 
With a BUlkheads Without a Bulkheads 

Materia I Bluff Mate ria I Bluff 
Amount Top Area Amount Top Area 

(cubic yards) (scres) (cubic yards) (acres) 

50,700 1.07 69,400 1.40 
28,800 0.84 44,000 1. 40 

4,300 0.28 8,300 0.39 
15,500 0.53 26,500 0.75 
25,400 1.50 51,800 2.22 
12,400 0.52 29,200 1.01 

137,000 4.74 229,000 7.17 

a For the purpose of these calculations, the top of the bulkhead is assumed to be 
10 feet above the base of the bluff. 

Source: SEWRPC. 
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would also provide structural stability to the bluff toe protection measures, 
preventing them from being buried by bluff material, and from erosion from 
behind the structure. 

The disadvantage of bluff slope stabilization is that approximately 7.2 acres 
of land at the top of the bluff would be needed for the bluff regrading if 
bluff toe protection was to be provided by a structure other than a bulkhead. 
If a bulkhead was to be used to provide toe protection, the land at the top 
of the bluff needed for regrading would be reduced to 4.7 acres, as indicated 
in Table 12. 

Assuming bluff toe protection is provided by a bulkhead, slope stabilization-­
including excavation, hauling of excess material, regrading, and vegetating the 
slope--would require an average capital cost of approximately $107 per linear 
foot of shoreline, or about $430,000 for the entire actively eroding shoreline 
within the study area. Assuming bluff toe protection is provided by a structure 
other than a bulkhead, slope stabilization would require an average capital 
cost of approximately $152 per linear foot of shoreline, or about $610,000 for 
the entire actively eroding shoreline within the study area. Maintenance costs 
are assumed to be about $5,000 per year with or without a bulkhead. 

Terracing Method: Slope stabilization can also be provided by the placement 
of a series of retaining walls within the regraded bluff slope, as shown in 
Figure 37. The retaining walls would be constructed of stone, interlocking 
concrete blocks, steel sheet pile, or gabions. The bluff s lope between the 
retaining walls would be regraded to one on two and one-half or flatter 
and vegetated. 

The terracing method has the same advantages regarding slope stabilization 
and support of bluff toe protection structures described above for the cutback 
method. In addition, the terracing method could provide improved access to the 
shoreline if a suitable walkway were provided. Depending upon the design of 
the terrace system, less bluff material may need to be removed than under the 
cutback method, which would reduce the net stable slope distance. 

The primary disadvantage of the terracing method is its relatively high cost. 
Construction of a terraced bluff slope would require a capital cost of approxi­
mately $2,400 per linear foot of shoreline, or about $10.7 million for the 
entire actively eroding shoreline in the study area. Maintenance costs would 
be approximately $10,000 per year. 

Su rface Water Drainage Control 

Almost the entire study area drains toward Lake Michigan over the top of the 
bluffs. Uncontrolled storm runoff could erode gullies on the regraded bluff 
slopes and cause erosion or create excessive hydrostatic pressures behind the 
bluff toe protection measures. Increased surface runoff would result from the 
increase in impervious areas that would result from development of the study 
area. This surface runoff should be prevented from flowing over the top of 
the bluff. 

If the study area is developed, the attendant stormwater drainage facilities 
could divert the storm runoff westward toward S. Lake Drive, thereby prevent­
ing flow over the bluff top. The drainage facilities would be designed to 
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accommodate anticipated peak flow discharges from a 10-year recurrence interval 
flood event and to prevent flooding and ponding which could cause excessive 
seepage or add weight to the bluff. 

As an alternative, stormwater diversion channels would be constructed parallel 
to the bluff top in Bluff Analysis Sections 1 through 6, as shown in Figure 38. 
The grassed open channels would intercept stormwater runoff, preventing flow 
over the bluff top. A subsurface pipe or a stabilized channel would discharge 
the intercepted runoff to the toe of the bluff. The open channels and discharge 
pipes would be designed to accommodate anticipated peak flow discharges from 
a 10-year recurrence interval storm event. 

The construction of diversion channels and discharge pipes would require 
a capital cost of about $10 per linear foot of shoreline, or approximately 
$40, 000 for the entire actively eroding shoreline within the study area. 
Maintenance costs would be approximately $2,000 per year. 

Groundwater Drainage Control 

There is evidence, or actual observations have been made, of groundwater 
seepage from the bluff face in Bluff Analysis Sections 1, 3, 4, and 6. Detailed 
geotechnical studies should be conducted to determine subsurface stratigraphy 
and groundwater conditions west of the bluff edge. This detailed information 
could be used to design a groundwater drainage system for the study area. Based 
on the groundwater conditions and stratigraphy identified at the bluff face, 
however, the seepage observed in Bluff Analysis Sections 1 and 6 is not 
expected to prevent stable bluffs from forming at a regraded slope of one on 
two and one-half. Within Sections 3 and 4, groundwater drainage control would 
be expected to enhance slope stability. 

The groundwater seepage which occurs at the present time within Sections 3 
and 4 would be abated by the installation of a vertical well system, as shown 
in Figure 39. The vertical well system would pump water to the bluff toe 
surface and discharge the water either at the bluff toe with an outlet pipe, 
as shown in the figure, or into the surface water drainage system. The well 
system would drain the groundwater table down to the beach elevation. Detailed 
geotechnical analyses would be used to determine the necessary location, depth, 
and pumping rate of the well points. 

Construction of a vertical well system to abate groundwater seepage within 
the 600-foot-Iong shoreline of Bluff Analysis Sections 3 and 4 would require 
a capital cost of approximately $30 per linear foot of shoreline, or about 
$20,000 for both sections. The annual operation and maintenance cost would be 
approximately $1,000. 

EROSION RISK DISTANCES AND SETBACK DISTANCES CONSIDERING 
NONSTRUCTURAL AND STRUCTURAL SHORE PROTECTION MEASURES 

Nonstructural and structural shoreline erosion risk distances and facility 
setback distances are herein identified for the City of St. Francis study area. 
The nonstructural erosion risk distances represent the shoreland areas that 
may be expected to be affected by shoreline erosion and bluff recession over 
time if proper shore protection structures are not implemented. Shore protec­
tive structures could, however, be installed to substantially reduce land 
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Figure 37 

TERRACED BLUFF SLOPE STABILIZATION METHOD 

Source: D. H. Gray and A. T. Leiser, Biotechnical Slope Protection and Erosion Control,1982. 

Figure 38 

STORMWA TER DRA I NAGE SYSTEM TO PREVENT 
EXCESSIVE STORM RUNOFF OVER THE TOP OF THE BLUFF 

GRASSED DIVERSIO 
CHANNEL \TOPOF BLUFF 

-~~~~ 

Source: SEWRPC. 

REGRADED BLUFF 

rSLOPE 
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losses within the City's actively 
eroding bluff areas. The structural 
erosion risk distance represents the 
areas which may be affected by bluff 
recession if proper protection struc­
tures are installed. Minimum facility 
setback distances have been added to 
both the nonstructural and structural 
erosion risk distances as a safety 
factor for new urban development. 

Table 13 indicates, for each bluff 
recession reach, the distance the top 
of the bluff may be expected to recede 
over a 50-year period if structural 
shore protection measures are not 
implemented. These distances were 
determined by multiplying the average 
annual recession rates established for 
the period 1963 through 1980 by 50 
years. The table also indicates the 
gross stable s lope distances, or the 
horizontal distances, required to 
obtain a stable slope for the speci­
fied 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 s lope was subtracted from the 
gross horizontal stable slope distance 
to estimate the net stable slope dis­
tance--or the additional horizontal 
distance the top of the bluff would 
need to recede, or be regraded, to 
form a stable slope. In Table 13, the 
bluff recession distance--determined 
from historic measured rates of reces­
sion--and the net stable slope distance 
are added to establish the nonstruc­
tural erosion risk distance for a 50-
year period of time. 

Figure 39 

VERTICAL WELL SYSTEM 
FOR GROUNDWATER 

DRAINAGE AND 
SEEPAGE CONTROL 

CROSS SECTION 

CONCRETE CA.,NG 

BLEEDERS TO WELL POINTS 

SUBMERSIBLE MOTOR AND PUW 

PL.AN 

LAKE 
MICHIGAN 

\ \ 
Source: SEWRPC. 

The structural erosion risk distances shown in Table 13 were determined by 
adding the distance required to form a stable slope of one on two and one­
half to the amount of bluff recession expected to occur over the next five 
years, which was assumed to be a likely time period for the implementation of 
structural bluff toe protection measures. The bluff recession estimated during 
the five-year implementation period was calculated using the average annual 
recession rates established for the period 1963 through 1980. Once the instal­
lation of the structures is completed, the rate of bluff recession is assumed 
to be zero. 
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Table 13 

NON STRUCTURAL AND STRUCTURAL EROSION RISK DISTANCES AND 
SETBACK DISTANCES WITHIN THE ACTIVELY ERODING PORTIONS 

OF THE CITY OF ST. FRANCIS LAKE MICH IGAN SHORELINE 

1 2 3 4 5 6 7 

Gross Horizontal 
Estimated Stable Slope Ex i st i"9 

Bluff Recession Existing Distance (feet) Ho r j zonta I 
Bluff Distance (feet) 81 uff Slope 

Recession He ight Without With Distance 
Reach 5-Yea r a 50-Yea rb (feet) Su t khead Su I khead (feet) 

1 28 280 68 170 143 68 
2 25 250 68 170 143 65 
3 24 240 58 145 118 52 
4 16 165 52 130 103 65 
5 14 135 52 130 103 68 
6 24 235 50 125 98 69 
7 10 100 50 125 98 55 
8 12 120 50 125 98 65 
9 18 185 46 115 88 52 

10 16 160 44 110 83 65 
11 20 205 44 110 83 61 
12 16 160 42 105 78 48 
13 10 100 42 105 78 52 
14 1 10 50 125 98 81 
15 2 25 42 105 78 75 
16 2 15 40 100 73 82 
17 10 100 40 100 73 61 
18 4 40 42 105 78 100 
19 14 140 38 95 68 90 

Bin determining structural erosion setback distances. a period of five years 
'Was used as an estimate of the time period required to implement shore 
protect ion structures. 

bThe nonstructural erosion risk distances are for a period of 50 yea.rs. 

Source: S[WRPC. 

8 9 

Net Ho r j zonta I 
Stable Slope 

D·j stance (feet) 

W j thout 
Su ~~~~add Su I khead C 

( 5-7) ( 6-7) 

102 75 
105 78 

93 66 
65 38 
62 35 
56 29 
70 43 
60 33 
63 36 
45 18 
49 22 
57 30 
53 26 
44 17 
30 3 
18 0 
39 12 

5 0 
5 0 

10 11 12 13 14 15 16 

Nonstructura I Setback 
Erosion Risk OJ stances (feet) Structura I Setback 0 i stance 

Oi stances (feet) for AI I Permanent Sui Idings 
and Fae; I Ities (feet) 

St ructu ra I Pub lie All Other 
Utilities and Faei r ities 

50-Yea r Without 
Su ~~~~add Publ ie Recreation and Without 

Su ~~~~ad d Nonstructur'a I Su I khead c Fae i I j ties Buildings Su I khead C 
(3 + 8) (2 + 8) (2 + 9) (10 + 100 feet) ( 10 + 200 fee t ) (11 + 100 feet) (12 + 100 feet) 

382 130 103 482 582 230 203 
355 130 103 455 555 230 203 
333 117 90 433 533 217 190 
230 81 54 330 430 181 154 
197 76 49 297 397 176 149 
291 80 53 391 491 180 153 
170 80 53 270 370 180 153 
180 72 45 280 380 172 145 
248 81 54 348 448 181 154 
205 61 34 305 405 161 114 
254 69 42 354 454 169 142 
217 73 46 317 413 173 146 
153 63 36 253 353 163 136 
54 45 18 154 254 145 118 
55 32 5 155 255 132 105 
33 20 2 133 233 120 102 

139 49 22 239 339 149 122 
45 9 4 145 245 109 104 

165 39 14 265 365 139 114 

cAsumes bluff toe protection 'With a structure other than a bulkhead. The nonstructural alternative 
assumes no bluff toe protection. 

dAssumes bluff toe protection with a 10-foot-high bulkhead placed two feet lakeward from the 
existing bluff toe. 



Also shown in Table 13 are the setback distances for new urban development 
identified under the nonstructural and structural shore protection alterna­
tives. Those distances were determined by adding recommended minimum facility 
setback distances to the erosion risk distances. For the nonstructural setback 
distance, a minimum facility setback distance of 100 feet is recommended for 
public utilities and public recreation facilities, and a 200-foot minimum 
facility setback distance is recommended for all other permanent buildings and 
facilities. A 200-foot minimum facility setback distance is recommended for 
these buildings and facilities to provide an additional safety factor because 
future bluff recession rates could differ substantially from the historic 
bluff recession rates. For the structural setback distance, a minimum facility 
setback distance of 100 feet is recommended for all permanent buildings and 
facilities. These minimum facility setback distances would provide a conserva­
tive safety factor; would allow installation of surface water and groundwater 
drainage systems if needed; would maintain desired aesthetics near the bluff 
edge; and would not reduce the stability of the bluff slopes. 

The stable slope distances and structural erosion risk and setback distances 
are set forth in Table 13 assuming bluff toe protection with a bulkhead, and 
assuming bluff toe protection without a bulkhead. As previously discussed, 
installation of a bulkhead could reduce the stable s lope distance and the 
resulting structural erosion risk and setback distances because the bluff slope 
would have to be regraded from only the top of the bulkhead in order to form 
a stable slope. 

Areas within the nonstructural and structural erosion risk distances and 
setback distances are shown on 1 inch equals 200 feet scale topographic maps 
in Appendices C and D. The nonstructural maps in Appendix C show, for the 
entire city shoreline, the 50-year erosion risk distances, which indicate the 
future bluff edge location if no additional shore protection structures are 
implemented, and the 100- and 200-foot-wide setback distances based on the 
anticipated location of the bluff edge after 50 years. The structural maps in 
Appendix D show the erosion risk distances with bluff toe protection both with 
and without a bulkhead. Also provided on the structural maps are the 100-foot­
wide minimum facility setback distances based on the location of the bluff with 
shore protection structures. Finally, the bluff recession reaches for the 
actively eroding bluff areas are shown on the maps so that the user can deter­
mine the average annual bluff recession rate for any site. 

The land areas contained within the 50-year nonstructural and structural ero­
sion risk distances, as delineated in Appendices C and D, are set forth in 
Table 14. Approximately 20 acres of land, or about 12 percent of the City of 
St. Francis study area, lie within the 50-year nonstructural erosion risk 
distances. About five acres of land, or about 3 percent of the study area, 
lie within the erosion risk distances assuming structural shore protection 
with a bulkhead for bluff toe protection. About seven acres of land, or about 
4 percent of the study area, lie within the erosion risk distances assuming 
structural shore protection with bluff toe protection provided by a structure 
other than a bulkhead. 

The potential economic losses that would result from continued bluff reces­
sion may be estimated by determining the market value of the land located 
within the erosion risk areas. The 1983 value of land contained within the 
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Table 14 

EXTENT AND ECONOMIC VALUE OF LAND AREA LYING WITHIN THE 
50-YEAR NON STRUCTURAL AND STRUCTURAL EROSION RISK DISTANCES 

FROM THE LAKE MICHIGAN SHORELINE OF THE CITY OF ST. FRANCIS 

Percent of 
Erosion Area I Percent Economic Total Economic 

Risk Extent of Study Value a Value of 
Distance (acres) Area (do II a rs) Study Area 

50-Year Nonstructural .... 19.7 12.2 650,000 24.6 
Structural b 

Without Bulkhead ...... 7.1 4.4 230,000 8.9 
St ructu ra I c 

With Bulkhead •...••... 4.7 2.9 160,000 5.9 

aExcludes the existing Wisconsin Electric Power Company Lakeside power plant site. 

bAssumes bluff toe protection by a structure other than a bulkhead. 

cAssumes bluff toe protection with a 10-foot-high bulkhead. 

Source: SEWRPC. 

50-year nonstructural erosion risk distances--based on city tax assessments-­
is approximately $650,000. If bluff protection were to be provided by a bulk­
head, the land within the structural erosion risk distance would have an 
approximate economic value of $160,000. If bluff toe protection were to be 
provided by a structure other than a bulkhead, the land within the structural 
erosion risk distance would have a value of about $230,000. These estimates 
exclude the value of land contained within the existing Lakeside power plant 
site. Of course, development of the study area could significantly change the 
economic value of the property. 

LAND USE MANAGEMENT 

The inventory data, analyses, and alternative shore protection evaluations set 
forth in this report provide a valuable reference for officials and residents 
of the City of St. Francis, as well as the owners of the study area property. 
The report sets forth the distance from the existing bluff edge that is subject 
to a risk of erosion damages along the Lake Michigan shoreline, and describes 
what actions can be taken to reduce that risk. Affected parties can thus act 
more judiciously and responsibly of their own accord in making decisions 
concerning development and redevelopment of the study area. It is crucial that 
affected parties be fully cognizant of the problems and hazards associated 
with shoreline development. 

The information provided in this report will be helpful to all affected 
parties in addressing issues such as: the appropriate use of shoreland areas 
within the erosion risk distances; appropriate building setbacks; and the 
need for structural shore protection measures. The projections made herein 
of erosion and bluff recession should not be regarded as a potential threat 
to real property values, such values being related to existing and potential 
uses of the shoreland areas. Rather, it should be recognized that the natural 
characteristics and forces within the study area may conflict with certain 
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potential uses of the land. It is a responsible course of action 
long-term public interest to openly and extensively publicize 
associated with bluff recession and the required control measures. 

and in the 
the risks 

The City of St. Francis currently has a zoning ordinance which regulates land 
uses. This ordinance can be made more effective by adding provisions directly 
related to the erosion hazards which threaten the Lake Michigan shoreline. 
A zoning ordinance constitutes one viable tool for protecting new development 
and redevelopment within the study 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 that is subject to erosion risk, and by specifying a set­
back 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 city zoning ordi­
nance, which regulates the use of land, the area and dimensions of lots, and 
the location of buildings and facilities on such lots. Zoning can also control 
grading, filling, vegetation removal, and certain other land management prac­
tices. To be constitutionally valid, however, regulation of the land use within 
the setback distances must serve valid public objectives, leave the property 
owner with some reasonable use of the property, and provide sufficient stan­
dards to prevent arbitrary decision-making. 

Amendments to the City of St. Francis zoning ordinance could, in the public 
interest, regulate land uses, activities, and facility locations Within the 
specified setback distances. The amendments would include provisions defining 
pertinent terms, designating the lands to be regulated, specifying the neces­
saryregulation 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. The Regional 
Planning Commission would, upon request, assist the City in incorporating 
into the zoning ordinance provisions related to erosion risk and associated 
setback distances along the Lake Michigan shoreline of the City of St. Francis. 

As an alternative to amending the City's zoning ordinance, the information on 
setback distances could instead be presented as advisory recommendations to 
potential land developers. The City would not need to administer and enforce 
these land use regulations; rather, the City's role would be to communicate 
this information adequately to potential land developers and to help coordinate 
implementation efforts. Adequate compliance with the recommendations, however, 
would not be assured without a regulatory program. 

Of particular concern regarding land use management in the study area are those 
activities related to urban land under construction and to stormwater manage­
ment. Construction site erosion control and stormwater management criteria have 
been set forth in this chapter. This section describes general land management 
measures which could be used to meet these criteria and thereby assure that 
shoreline erosion would not be accelerated by construction or by uncontrolled 
stormwater runoff during and following development. 

The following provisions would aid in controlling soil erosion and exces­
sive stormwater runoff within the study area during construction of urban 
development: 
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1. Development within the study area would be limited to outside the iden­
tified structural or nonstructural setback distances. 

2. Plans for development would be prepared on 1 inch equals 100 feet scale 
topographic maps provided to the City under this study to identify the 
existing ground surface; to identify areas with steep slopes; to propose 
and estimate street grades and profiles; to aid in the design of gutters, 
storm sewers, open drainage channels, water diversions, drainage ease­
ments, and soil erosion control practices; and to show the type and 
location of shoreline erosion control measures. 

3. Plans for development would indicate the suitability of soils for devel­
opment and identify areas covered by highly erodible soils. 

4. Provisions would be made to effectively accommodate the stormwater runoff 
under the changed s?il and surface conditions during construction which 
may aggravate shoreline erosion problems. 

5. During construction, the smallest practicable area of soil would be 
exposed at any given time. 

6. Such soil exposure during construction would be kept to as short a dura­
tion of time as is practicable. 

7. Temporary vegetation, mulching, or other cover would be used to protect 
critical areas, and permanent vegetation would be installed as soon 
as practicable. 

8. Adequate provisions would be taken to m1n1m1ze the tracking or dropping 
of dirt or other materials from the site onto any public or private 
street. 

The following prOV1S1ons would aid in controlling stormwater runoff within the 
study area following completion of the development: 

1. Stormwater drainage systems would consist of both a "minor" system and 
a "major" system. The minor stormwater drainage system would consist 
of engineered paths for the stormwater runoff during a more frequent 
storm event--one with a recurrence interval of up to 10 years. Minor 
stormwater drainage components include storm sewers and drainage ditches. 

The major stormwater drainage system would be designed for conveyance of 
stormwater runoff during a very infrequent storm event--one with a recur­
rence interval of up to 100 years. Major stormwater drainage components 
include streets and drainageways. 

2. Provisions would be made to prevent surface stormwater runoff from being 
discharged uncontrolled over the top of the bluff, and to prevent runoff 
from damaging bluff toe protection measures by eroding soil behind the 
structures or by creating excessive hydrostatic pressures behind the 
structures. 
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3. The stormwater drainage systems would be carefully adjusted to the 
topography of the land in order to minimize grading and drainage prob­
lems, although modifications may be needed to prevent surface stormwater 
runoff from being discharged over the top of the bluff. 

4. Provisions would be made to effectively accommodate the increased peak 
flows and volumes of stormwater runoff resulting from the addition of 
impervious surfaces to the study area. 

5. Stormwater storage measures such as detention ponds and parking lot or 
rooftop storage devices--which could cause increased infiltration and 
groundwater seepage and add excessive weight too close to the top of 
the bluff--would not be utilized if such measures could threaten the 
stability of the bluff slope. 

SUMMARY 

This chapter evaluates the shoreline erosion and bluff recession occurring 
within the study area and considers alternative structural and nonstructural 
methods of controlling, or reducing the damages from, such erosion and reces­
sion. The chapter thus presents information which should assist city officials 
and other affected parties in understanding the potential risk of shoreline 
erosion in the study area, and describes the measures available for reducing 
that risk, along with associated costs. 

Analytic procedures and criteria were presented to explain the characteristics, 
advantages, and disadvantages of structural shore protection measures, to show 
how the erosion risk distances and recommended setback distances from the 
existing bluff edge for new urban development are calculated, and to describe 
the relationship between land use management practices and shoreline erosion. 
These procedures and criteria should be helpful in the detailed design of 
proposed developments and shore protection measures. 

Alternative structural shore protection measure designs and cost estimates 
were presented. A combination of bluff toe protection, bluff slope stabiliza­
tion, and surface water and groundwater drainage control will be required to 
adequately prevent bluff recession. Bluff toe protection measures evaluated 
included a rip-rap revetment, three different types of bulkheads, groins, and 
reconstruction of the Milwaukee South Shore breakwater. The capital costs of 
these structures were estimated to range from $125 to $1,400 per linear foot 
of shoreline. However, the lowest cost alternative, the groin system, may 
provide adequate protection only for that portion of the study area already 
protected by the Milwaukee South Shore breakwater. Bluff slope stabilization 
could be accomplished by cutting back, regrading, and revegetating the slope, 
at a cost ranging from $107 to $152 per linear foot of shoreline, or by ter­
racing the bluff slope with retaining walls, at a cost of about $2,400 per 
linear foot of shoreline. Surface water drainage control could be provided at 
a cost of approximately $10 per linear foot of shoreline. Although detailed 
geotechnical analyses are required to design a groundwater drainage system, 
preliminary investigations indicate that only about 600 feet of the shoreline 
may require groundwater drainage to provide stable bluff slopes. This ground­
water drainage could be provided by a vertical well system at a cost of about 
$30 per linear foot of shoreline. Annual maintenance costs were also estimated 
in the chapter. 
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Erosion risk distances and setback distances for new urban development from 
the existing bluff edge were identified for each of the 19 bluff recession 
reaches within the actively eroding shoreline of the study area. The erosion 
risk distances and setback distances were developed under assumed nonstructural 
and structural shore protection measures. 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 regrading of the bluff slope as required to achieve 
a stable slope of about one on two and one-half. The setback distance is com­
prised of the erosion risk distance plus a minimum facility setback distance, 
which would range from 100 to 200 feet. 

Nonstructural erosion risk distances and setback distances are shown in Appen­
dix C for a 50-year period. About 20 acres of land is contained within the 
50-year nonstructural erosion risk distance, or about 12 percent of the study 
area. This land has a current economic value of about $650,000. 

Structural erosion risk distances and setback distances are shown in Appen­
dix D. These distances are shown with bluff toe protection with a bulkhead, 
and with bluff toe protection with a structure other than a bulkhead. A lesser 
distance may be required to achieve a stable bluff slope with use of a bulk­
head, since the slope would have to be regraded only from the top of the bulk­
head. The structural erosion risk distance from the existing bluff edge if 
a bulkhead were used to provide bluff toe protection would include about five 
acres of land, or about 3 percent of the study area. This land has a current 
economic value of about $160,000. If a structure other than a bulkhead were 
used to provide bluff toe protection, the structural erosion risk distance 
would include about seven acres of land, or about 4 percent of the study area, 
having a current economic value of about $230,000. 

Land use management measures related to shore erosion and protection were 
described in the chapter. The City of St. Francis zoning ordinance could be 
amended to include provisions directly related to shoreline erosion hazards. 
Educational and informational efforts could also be undertaken by the City to 
inform affected parties of this erosion risk and potential control measures. 
Land use management activities of particular concern to shoreline erosion are 
construction site erosion and stormwater drainage. Provisions were presented 
which would aid in the control of these activities. 
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INTRODUCTION 

Chapter IV 

RECOMMENDATIONS AND CONCLUSIONS 

This chapter provides recommendations for structural shore protection measures, 
shoreline erosion risk and setback distances, and proper land use management 
of the shoreline area of the City of St. Francis. The purpose of these recom­
mendations is to provide some assistance and guidance to the public officials 
and to potential land developers and other affected parties as decisions are 
made concerning the development of the shoreline area and the control of 
shoreline erosion and bluff recession. The inventory data and evaluation 
analyses presented in this report provide the basis for the recommendations. 

Foremost, the recommendations presented herein are intended to be technically 
effective--proposing sound measures for reliable protection against property 
damage and risk to human safety caused by shoreline erosion and bluff reces­
sion. The recommendations are also intended to be feasible, with implementa­
tion procedures selected in consideration of the City's and the public's 
interest in Lake Michigan shoreline protection, of programs available to help 
implement the recommended control measures, and of the need to allow reason­
able use of the land within the study area. Finally, the recommendations 
reflect the concerns and preferences of the local community, which were 
incorporated into the study results through the guidance provided by the 
study Advisory Committee created by the City. 

STRUCTURAL SHORE PROTECTION MEASURES 

The determination of whether structural shore protection measures are required 
is dependent primarily upon whether urban development occurs within the study 
area. In the absence of adequate shore protection, such development may present 
a high risk of severe damage from continued bluff recession. If development 
does not occur within the study area, certain structural shore protection 
measures may not be economically justified. The determination of the potential 
for development of the study area should be based, in part, upon the shoreline 
erosion considerations set forth in this report. 

With Minimum Urban Development Outside the Power Plant Site 

The dike and revetments protecting the shoreline of the Wisconsin Electric 
Power Company Lakeside power plant site appear to be functional, and the bluff 
slope behind these structures is stable. Accordingly, under the minimum devel­
opment alternative, these shoreline protection measures would be retained, 
and various forms of urban development could be permitted to occur within the 
power plant site west of the structural setback distances, as well as outside 
the power plant site west of the nonstructural setback distances set forth in 
Appendix C, without the need for additional major structural shore protection 
measures. The existing structures at the power plant site would have to be 
properly maintained. If the bluff slope at the power plant site is disturbed, 
care would have to be taken to ensure that the slope is regraded to a stable 
slope and that adequate vegetative cover is provided. 
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If mi nimum urban development is envisioned in the study area beyond the power 
plant site, the construction of additional major structural shore protection 
measures may not be justified. The longer the provision of such measures is 
delayed, however, the less amount of land will remain for development. As 
shown in Appendix C, without the provision of additional structural shore 
protection measures, the 50-year erosion risk distance would lie close to, 
although still east of, S. Lake Drive. Thus, no major facilities would likely 
be damaged by bluff recession within this 50-year period. At any time during 
these 50 years, shore protection structures could be provided to protect 
S. Lake Drive, since an adequate stable slope distance is included within 
the erosion risk distance. 

Map 11 shows the structural shore protection measures recommended under the 
minimum development alternative. The maintenance of existing structural shore 
protection measures along the 3,500 feet of shoreline of the power plant 
site, with no additional structural shore protection measures being provided, 
would allow the potential development of about 40 acres of land, or 25 percent 
of the study area. This 40-acre area includes the main power plant building, 
which covers three acres. Development on seven of those 40 acres should be 
limited to public utility and recreational facility use, based upon the minimum 
facility s e tback distances set forth in Chapter III . If the City were to 
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utilize a different ml.nl.mum facility setback distance, or if certain shore 
protection measures were selected to reduce the stable slope distance, addi­
tional areas could be developed. Maintaining the existing protection structures 
along the 3,500 feet of power plant site shoreline would cost a minimum of 
$25,000 per year. The remaining 6,120 feet of study area shoreline would 
receive no major structural protection under this alternative, although such 
protection could be provided in the future to protect S. Lake Drive. In addi­
tion, relatively low-cost shore protection structures could be provided to slow 
the rate of bluff recession. The undeveloped land, with an areal extent of 
about 100 acres, or 62 percent of the study area, would be used as open space, 
parkland, or other uses which do not require the construction of major facili­
ties and buildings. About 21 acres, or 13 percent of the study area, located 
west of S. Lake Drive are expected to be retained for use as a substation by 
the Wisconsin Electric Power Company. 

With Maximum Development Outside the Power Plant Site 

Under the maximum development alternative, the dike and revetments protect­
ing the shoreline of the Lakeside power plant site would be retained, as 
under the minimum development alternative. Additional structural shore pro­
tection measures would be provided for the remaining actively eroding shore­
line area. These structures would allow for additional urban development along 
S. Lake Drive. 

Map 12 shows the recommended structural shore protection measures which would 
allow maximum development to occur within the study area. No development would 
be permitted to occur within the structural setback distances. Maintenance of 
the existing structural shore protection measures would be required along 
3,500 feet of shoreline, and new shore protection measures would be constructed 
along 4,440 feet of shoreline. The northernmost 1,680 feet of study area shore­
line would require no protection because the bluff slopes are stable at the 
present time. Structural shore protection measures would be constructed along 
Bluff Analysis Section 6 to protect Bay View Park, to provide continuity of 
shore protection, and to prevent flanking of the revetment located north of 
the power plant. The map shows the erosion risk and setback distances with 
bluff toe protection provided by a bulkhead. As discussed in Chapter III, if 
a structure other than a bulkhead were used to provide bluff toe protection, 
the erosion risk and setback distances would be greater. The structural shore 
protection measures as shown on the map would allow the development of about 
52 acres of land, or 32 percent of the study area. 

The following structural shore protection measures are recommended if maximum 
development within the study area is desired: 

1. Bluff toe protection should be provided along the entire actively eroding 
shoreline. This toe protection could be provided by either revetments 
or bulkheads. In Bluff Analysis Section 6, it is recommended that a rela­
tivelylow-cost structure, such as a groin system with artificial beach 
fill, be considered. This reach of shoreline is partially protected by 
the Milwaukee South Shore breakwater. All bluff toe protection structures 
should be designed for a 50-year life. If the lowest cost alternative-­
a concrete cantilevered bulkhead in Bluff Analysis Sections 1 through 5 
and a groin system with artificial beach fill in Section 6--is selected, 
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a capital cost of about $1.3 million, or an average of $300 per linear 
foot of shoreline, would be required. Annual maintenance costs would be 
expected to approximate $20,000. 

2. Bluff slope stabilization should be provided at all sites which receive 
bluff toe protection. All slopes should be regraded to a maximum slope 
of one on two and one - half. Either a cutback or terracing method may be 
used. The lowest cost alternative, the cutback method, would require 
a capital cost of about $430,000, or $107 per linear foot of shoreline. 
Annual maintenance costs would be expected to approximate $5,000. 

3. Stormwater management facilities should be provided to prevent ponding 
and flooding within the study area, and to prevent excessive stormwater 
runoff from flowing over the top of the bluff along the entire shoreline. 
To the extent practicable, piped stor m sewer facilities should be used 
with proper ly designed outfal l s at lake level. As an alternat ive, care ­
fully designed open diversion channels may be utilized to intercept 
stormwater flow and discharge it safely to the toe of the bluff. Such 
open diversion channels would require a capital cost of about $40,000, 
or $10 per linear foot of shoreline, and an annual maintenance cost of 
about $2,000. 



4. A detailed geotechnical study should be conducted to define the water­
bearing subsurface strata and the groundwater flow in the study area, 
as well as to help in the design of a groundwater drainage system to 
prevent excessive groundwater seepage from the bluff face. Preliminary 
investigations indicate that a groundwater drainage system should be 
provided in Bluff Analysis Sections 3 and 4. A vertical well system could 
be used to drain the groundwater to the base of the bluff. A vertical 
well system would require a capital cost of about $20,000, or $30 per 
linear foot of shoreline, and an annual operation and maintenance cosf 
of about $1,000. 

5. All structural shore protection measures--bluff toe protection, slope 
stabilization, stormwater management, and groundwater drainage control-­
should be designed and constructed in a coordinated, comprehensive 
manner. All shore protection structures should be constructed either 
prior to, or concurrently with, any new urban development in the study 
area. 

6. All structural shore protection measures should be carefully maintained 
throughout their useful life to ensure a continued adequate level of 
protection. 

7. All structural shore protection measures should be designed in confor­
mance with the design criteria set forth in Table 11 in Chapter III. 

The recommended structural measures and associated setback distance may be 
modified in the planning for development of the study area, as well as in the 
detailed engineering design of the structures. The structures implemented must 
be compatible with the development, as well as provide the desired level of 
shore protection. Thus, the recommendations set forth above are intended to be 
used as a guide in the final selection of shore protection structures. 

LAND USE MANAGEMENT 

Erosion Risk Distances and Setback Distances 

To assure the uniform application of, and adequate compliance with, necessary 
restrictions within the erosion risk distances and setback distances, it is 
recommended that the City of St. Francis zoning ordinance be amended to include 
provisions which, in the public interest, would regulate land uses and facility 
locations within these specified distances from the bluff edge. The amendments 
would include provisions defining pertinent terms, designating the lands to be 
regulated, specifying the necessary regulation of land use and facility loca­
tion, specifying the regulation of certain land disturbance activities, and 
describing procedures for modifying the location and extent of the designated 
setback distances. Erosion risk and setback distances are shown on large-scale 
topographic maps in Appendices C and D of this report. Appendix B sets forth 
recommended amendments to the City of St. Francis zoning ordinance which would 
regulate, in the public interest, land uses in relation to shoreline erosion 
and bluff recession risks and shore protection measures. 

The setback distance for buildings and other facilities from the edge of the 
bluff along shoreline areas currently--or which would be--protected by properly 
designed, constructed, and maintained structural shore protection measures 
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should be determined using the following formula--graphically illustrated in 
Figure 30 of Chapter III of this report: 

ut,uctu", Structural MI,lmum j 
Setback = Erosion Risk + Facility Setback 
Distance Distance Distance 

~t,uct"'" Net Stable DI,t,",e Requl,ed j 
Where: Erosion Risk = Slope = Achieve a 1 :2.5 

Distance Distance Bluff Slope 

The m1n1mum facility setback distance is intended to provide a safety factor 
to prevent damages which could be caused by major storms or shore protection 
structure failure, and to provide an open space area which can be effectively 
utilized for surface water and groundwater drainage and control. The minimum 
facility setback distance prevents facilities from being placed too close to 
the bluff edge, which could reduce slope stability. A minimum facility setback 
distance also maintains the aesthetic amenities of the bluff edge, provides 
human safety factors, and ensures that public utilities are located an adequate 
distance from the bluff edge. Based on the above considerations, it is recom­
mended that a minimum facility setback distance of 100 feet be applied for 
all new permanent buildings and facilities for shoreland areas protected by 
structural shore protection measures. Structural setback distances would also 
apply to those portions of the Lake Michigan shoreline which are currently 
stabilized, even if adequate shore protection structures are not in place. 

A structural shore protection measure may be considered effective and properly 
designed if it meets the criteria set forth in Table 11 of Chapter III of 
this report. The zoning ordinance amendments should require that proposed 
development along the Lake Michigan shoreline be protected by structural shore 
protection measures meeting the criteria set forth in Table 11. 

The nonstructural setback distance should be used for all actively eroding 
portions of the shoreline which would not be protected by proper structural 
shore protection measures; and it should consist of the nonstructural erosion 
risk distance--defined as the expected 50-year bluff recession distance from 
the existing bluff edge, plus a net stable slope distance, plus a minimum 
facility setback distance. The required nonstructural distance should be 
calculated using the following formula--graphically illustrated in Figure 29 
of Chapter III of this report: 

~
onstructional 

Setback 
Distance 

~
onstructural 

Where: Erosion Risk 
Distance 

= 

= 

Nonstructional 
Erosion Risk 
Distance 

50 Year Bluff 
Recession 
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+ 

+ 
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Net StablJ Slope 
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For shore land areas not protected by structural shore protection measures and 
which are actively eroding, it is recommended that an additional safety factor 
be incorporated into the minimum facility setback distance because future bluff 
recession rates could differ substantially from historic bluff recession rates. 
For the nonstructural setback distance, the following minimum facility setback 
distances are recommended: 
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• 200 feet for all permanent buildings and facilities except public utili­
ties and outdoor recreational facilities. 

• 100 feet for public utilities and outdoor recreational facilities. 



Prohibited, Conditional, and Permitted Uses: Within the calculated structural 
and nonstructural setback distances, the recommended City of St. Francis zoning 
ordinance amendments prohibit the location, relocation, development, or rede­
velopment of major buildings and facilities, including streets. Variances 
could be granted for relocatable buildings on a case-by-case basis, based upon 
careful consideration of the impact on the property owner, the erosion risk 
involved, and alternatives for development. 

The recommended zoning ordinance amendments specify as conditional uses within 
the calculated structural and nonstructural setback distances: land disturbance 
activities, tree cutting or vegetation removal, and the construction of struc­
tural shore protection measures. Such conditional uses would require, for 
approval, that 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 uses and the placement of materials which 
would not increase stresses on the bluff, which could reduce slope stability. 

Modification of the Structu ral and Nonstructu ral Setback Distances: It is 
recommended that provision be made for the modification of the calculated 
structural and nonstructural setback distances set forth in the recommended 
zoning ordinance amendments, upon submittal to the City by an applicant or 
property owner of an acceptable engineering study and report which clearly 
indicates that the stable s lope conditions are, in fact, different from 
those indicated herein. The evaluation of the stability of the slope and 
the identification of the specific stable s lope angle will, in most cases, 
require a field survey and technical assistance from a qualified profes­
sional geotechnical engineer. The requirement for structural protection mea­
sures would be allowed to be waived if the applicant or property owner 
presents acceptable evidence that the proposed facility and adjacent property 
can be adequately protected without the recommended structural shore protec­
tion measures. Minimum facility setback distances may be modified by the 
City in the consideration of specific plans for development. 

Periodic Updating of Nonstructural Erosion Risk Distances and Setback Dis­
tances: It is recommended that, if urban development of the study area does 
not occur, nonstructural eros ion risk distances be reviewed and revised as 
necessary to reflect changes in the bluff characteristics and to incorporate 
new bluff recession rates into the long-term average rate. The formulas for 
establishing setback distances set forth in this report should continue to 
be used with the new recession rates and bluff characteristics. Bluff heights 
should be redefined at approximately 10-year intervals, and the large-scale 
topographic maps of the shoreland area prepared under this study should be 
updated. Similarly, bluff recession rates should be remeasured at approxi­
mately 10-year intervals, as appropriate aerial photography and updated 
topographic maps become available. The 1963 aerial photographs by the Regional 
Planning Commission should continue to be used as a basis for measuring 
recession. A stable slope of one on two and one-half should continue to be 
used, except where site-specific studies indicate a stable slope that is 
not one on two and one-half. Appendix C should be updated at approximately 
10-year intervals to reflect the revisions in bluff characteristics and 
recession rates. 
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Construction Site Erosion Control 

It is recommended that the City of St. Francis incorporate proVlsl0ns for con­
struction site erosion control into its subdivision control ordinance. While 
these provisions could be applied throughout the municipality, for the purposes 
of this study they apply only to developments proposed east of S. Lake Drive. 
The following construction site erosion control provisions are recommended: 

1. One inch equals 100 feet scale topographic maps prepared by the South­
eastern Wisconsin Regional Planning Commission should be included with 
the subdivision preliminary plat submittals. The maps should show the 
existing ground surface; areas with steep slopes; street grades and 
profiles; proposed gutters, storm sewers, open drainage channels, water 
diversions, drainage easements, and soil erosion control practices; and 
the type and location of shoreline erosion control measures. 

2. Plans for development should indicate the suitability of soils for 
development and identify areas covered by highly erodible soils. 

3. Provisions should be made to accommodate stormwater runoff since con­
struction activities change soil and surface conditions. Such changed 
conditions may aggravate shoreline erosion problems. 

In addition, the City should encourage land developers within the study area 
to utilize proper construction practices and good soil conservation measures. 
During construction, the smallest practicable area of soil should be exposed 
at any given time for as short a duration of time as possible. Temporary 
vegetation, mulching, or other cover should be encouraged to protect critical 
areas, and permanent vegetation should be installed as soon as practicable. 
Tracking or dropping of dirt or other materials from the site onto any public 
or private street should be minimized. 

Stormwater Management 

Amendments to the City of St. Francis subdivision control ordinance are also 
recommended to assure that development within the Lake Michigan shoreland area 
is served by a stormwater drainage system that is economical and effective, 
and which has the capacity to safely accommodate stormwater runoff from the 
planned development without exacerbating shoreline erosion or bluff recession 
problems. The following stormwater management provisions are recommended: 
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1. Minor stormwater system components should be designed to accommodate 
flows expected from a 10-year recurrence interval storm event under 
planned development conditions. 1 Major stormwater system components 
should be designed to accommodate flows expected from a 100-year recur­
rence interval storm event under planned development conditions. 2 

2. Surface stormwater runoff should be prevented from being discharged 
uncontrolled over the top of the bluff, and prevented from damaging 
bluff toe protection measures. 

3. The stormwater drainage systems should be carefully adjusted to the 
topography of the land in order to minimize grading and drainage prob­
lems, except where modifications are needed to prevent surface stormwater 
runoff from being discharged over the top of the bluff. 



4. Stormwater storage measures such as detention ponds and parking lot or 
roof top storage devices should not be utilized unless detailed engineer­
ing and geotechnical analyses indicate that such measures would not 
threaten the stability of the bluff slope. 

In addition to these provisions, the public works program of the City of St. 
Francis should provide for the continued maintenance of stormwater management 
facilities--including periodic inspection of facilities; timely repair of 
facilities; cleaning of storm sewers and open channels; maintenance of channel 
lining materials; and periodic removal of accumulated sediments. Such a main­
tenance program will help prevent hazards which may result if such facilities 
become defective--including potentially catastrophic bluff slope failure. 

SUMMARY 

This chapter has set forth recommendations for structural erosion control 
measures and related land use management measures for the Lake Michigan shore­
line of the City of St. Francis. The information provided in this chapter is 
intended to inform public officials and potential land developers of the 
erosion risks associated with shore land development and of the means available 
to reduce the risk of damages from such erosion. 

The study results indicate that urban development could be accommodated within 
up to a 40-acre land parcel without additional shore protection being required. 
If no development is to occur within the study area beyond this 40-acre land 
parcel, and if the City agrees to tolerate further loss of land to bluff reces­
sion and shoreline erosion, no additional major expenditures may be expected 
to be required for shore protection for the foreseeable future, other than for 
maintenance of the existing structural shore protection measures. 

If additional urban development is desired in the study area, however, then 
structural shore protection measures should be provided. Carefully designed 
bluff toe protection, bluff slope stabilization, stormwater management, and 
groundwater drainage control measures are recommended. These structural 
measures would be expected to require a minimum capital investment of about 
$1.8 million, or about $400 per linear foot of actively eroding shoreline, and 
an annual maintenance cost of about $30,000. Provision of these measures would 
allow the development of up to 52 acres of land, including the above-mentioned 
40-acre land parcel. 

IThe minor stormwater drainage system is intended to m1n1m1ze the inconveni­
ences attendant to inundation from more frequent storms. The minor drainage 
system consists of sideyard and backyard drainage swales, street curbs and 
gutters, roadway ditches, storm sewers, and some storage facilities. It is 
composed of the engineered paths provided for the stormwater runoff to reach 
the receiving streams and watercourses during these more frequent storm events. 

2The major stormwater drainage system is designed for conveyance of stormwater 
runoff during major storm events when the capacity of the minor system is 
exceeded. The major stormwater drainage system consists of the entire street 
cross-section and interconnected drainage swales, watercourses, and stormwater 
storage facilities. 
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The erosion risk distances and the setback distances from the existing Lake 
Michigan bluff edge can be used as a basis for public informational and regula­
tory measures designed to guide urban development in proper relation to the 
bluff recession and shoreline erosion risk. This chapter includes recommended 
amendments to the City of St. Francis zoning ordinance which relate development 
to the risk of erosion, and thereby protect the public safety and welfare. 

On the basis of the nonstructural erosion risk distances presented in Chap­
ter III, setback distances are specified to protect those areas potentially 
subject to erosion within a 50-year time period. For shoreland areas actively 
eroding and not protected by structural shore protection measures, a minimum 
facility setback distance of 100 feet for public utilities and outdoor recrea­
tional facilities is recommended, and a setback of 200 feet is recommended 
for other major permanent buildings and facilities. Structural erosion risk 
distances and setback distances are provided for those areas which are or 
will be protected by structural shore protection measures. For shoreland areas 
which are currently stabilized, or which will be protected by structural shore 
protection measures, a minimum facility setback distance of 100 feet is recom­
mended for all major permanent buildings and facilities. All of these setback 
distances are intended to be incorporated as amendments into the city zoning 
ordinance. 

Uses recommended to be prohibited within the specified nonstructural and 
structural setback distances include the location, relocation, development, or 
redevelopment of major buildings and facilities, including streets. Recommended 
conditional uses include land disturbance activities, tree cutting, and the 
construction of structural shore protection measures. Uses recommended to be 
permitted within the setback distances include open space uses, the storage 
of portable equipment and supplies, accessory buildings such as storage sheds, 
and minor facilities such as driveways, sidewalks, patios, and fences. 

It is recommended that the city zoning ordinance contain provlsl0ns which 
would allow property owners or applicants the opportunity to present informa­
tion which could be used to modify the required setback distance. In addition, 
if development does not occur, it is recommended that the nonstructural erosion 
risk and setback distances be refined and updated at approximately 10-year 
intervals. 

Construction site erosion control and stormwater management provisions which 
pertain to development within the study area are recommended to be added as 
amendments to the City's subdivision control ordinance. While these provlslons 
could be applied throughout the municipality, for the purposes of this study 
they apply only to development occurring east of S. Lake Drive. 
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Chapter V 

SUMMARY 

INTRODUCTION 

The erosion and recession of the coastal bluffs along the Lake Michigan shore­
line in the City of St. Francis constitutes a serious loss of valuable land, 
contributes to the pollution of the near-shore waters of Lake Michigan, and 
creates a high risk of severe damage to any new urban development in the 
coastal zone. Bluff recession rates in the City of St. Francis range up to 
over five feet per year, averaging almost three feet per year along the 
actively eroding bluff sections of the shoreline. This bluff recession results 
in the loss of approximately 0.3 acre of land surface and 535,000 cubic feet 
of shore material each year. 

The shore erosion and bluff recession along the Lake Michigan shoreline of the 
City of St. Francis may be managed by a coordinated set of structural and non­
structural measures which reduce shoreline erosion and the damages that result 
from such erosion. Structural shore protection measures which may be applica­
ble to the study area include revetments, bulkheads, groins, off-shore break­
waters, and surface and groundwater drainage controls. Nonstructural measures 
include land use regulations, building setback requirements, and land use 
management measures related to shore erosion and protection. 

PU RPOSE AND SCOPE 

The primary purpose of this coastal erosion and related land use management 
study was to identify high erosion risk areas along the Lake Michigan shore­
line, and to recommend measures for shore erosion and bluff recession control, 
and suitable related land use regulations for the coastal zone. The study 
quantified the extent of shoreline erosion and bluff recession which may be 
expected to occur over time along the Lake Michigan shoreline of the City of 
St. Francis in the absence of any structural control measures; evaluated 
alternative structural shore protection measures; identified shoreline erosion 
risk distances and associated setback distances for buildings and facilities 
along shoreline reaches if proper shore protection structures are provided, as 
well as if such structures are not provided; and recommended a set of regula­
tions which may be incorporated into the existing city zoning and subdivision 
ordinances to protect proposed new urban development within those shoreland 
areas susceptible to erosion and bluff recession. The study was carried out 
under the guidance of a coastal erosion Advisory Committee created by the City 
and composed of representatives of the Wisconsin Electric Power Company, the 
City of St. Francis, and interested and concerned citizens. The study itself 
was subsequently carried out cooperatively by the staffs of the City and the 
Regional Planning Commission. 

INVENTORY FINDINGS 

The coastal erosion and related land use management study area was defined 
under the study as the existing 130-acre "Lakeside" property owned by the 
Wisconsin Electric Power Company and the remaining 32-acre Lake Michigan 
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shoreline area within the City of St. Francis lying essentially easterly of 
S. Lake Drive. The study area is comprised of those lands which most directly 
affect, or are most directly affected by, the Lake Michigan erosion process. 
The study area encompasses approximately 162 acres of land, and 9,620 feet of 
Lake Michigan shoreline. 

Elements of the natural resource base of the study area pertinent to the 
understanding of coastal erosion processes include bedrock geology and glacial 
deposits, soils, bluff and beach characteristics, groundwater resources, and 
climate. The study area is underlain by Silurian, Ordovician, Cambrian, and 
Precambrian bedrock. Up to 100 feet of unconsolidated glacial deposits cover 
the bedrock, and include layers of the Oak Creek Formation, the New Berlin 
Formation, and the Zenda Formation. About 60 percent of the study area is 
covered by Ozaukee soils which have a low infiltration capacity, low permea­
bility, and poor drainage. The remaining 40 percent of the study area is 
covered by disturbed soils. 

Although some bluff heights within the City of St. Francis reach nearly 
70 feet, most of the shoreline has bluffs ranging from 40 to 50 feet in height. 
The bluffs are comprised of glacial till, silt, clay, sand, and gravel. At 
the time of the field surveys conducted under the study, most of the shoreline 
had a beach width of less than 20 feet, although in places the beach width 
exceeded 60 feet. 

Along the City of St. Francis shoreline, groundwater generally flows toward 
Lake Michigan. Two major aquifers underlie the coastal area: the deep sand­
stone aquifer and the Niagara dolomite aquifer. Numerous groundwater discharges 
and seepages occur on the bluff slopes, contributing to the instability of 
these slopes. 

In 1980, about 43 percent of the study area consisted of unused, open lands. 
Communication and utility land uses accounted for an additional 31 percent 
of the study area. The remaining 26 percent of the study area was used for 
parks, streets, parking lots, and surface water. The entire study area is 
currently placed in zoning districts which permit urban development. The city 
zoning ordinance does not include any provisions for the regulation of develop­
ment and redevelopment in relation to Lake Michigan shoreline erosion hazards. 
Such provisions have not been required in the past because the entire shoreline 
is owned by the Wisconsin Electric Power Company and by Milwaukee County. 

The Wisconsin Electric Power Company presently owns over 70 percent of the 
study area, 42 percent of which is vacant land. The 21-acre parcel of land in 
the study area lying west of S. Lake Drive is expected to continue to be used 
as a substation by the power company. 

The most important Lake Michigan coastal problem in the City of St. Francis is 
recession of the bluffs. In December 1983, a detailed survey was conducted to 
evaluate erosion-related characteristics of the bluffs. The results of the 
inventory indicated that the primary cause of bluff recession in the study 
area is bluff toe erosion by wave action. Groundwater seepage also is a major 
cause of slope failure in some portions of the study area. Shallow sliding is 
the most common type of slope failure on the St. Francis bluffs. On-shore pro­
tection structures presently provide protection for approximately 36 percent 
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of the shoreline. From 1963 through 1980, the bluff recession rate along the 
unprotected reaches of shoreline, as determined by the Regional Planning 
Commission, averaged 2.7 feet per year. About 24 percent of the unprotected 
reaches of shoreline had a bluff recession rate of less than 1.0 foot per year. 
The highest recession rate measured by the Regional Planning Commission for 
the period 1963 through 1980 was 5.6 feet per year at the extreme southern end 
of the study area. 

EVALUATION OF COASTAL PROBLEMS AND CONTROL MEASURES 

The identification of the shoreland areas which are expected to be affected 
by shoreline erosion and bluff recession enables public officials and other 
concerned and affected parties to better assess potential erosion losses 
and to evaluate alternative shoreline erosion control and related land use 
management measures. Specific structural shore protection measures required 
at any particular site can be determined only on the basis of a detailed 
engineering analysis of the physical characteristics of the study area, the 
causes of erosion, the degree of erosion expected, property values, and the 
intended development. Bluff toe protection measures evaluated for the City 
of St. Francis included a rip-rap revetment, three different types of bulk­
heads, groins, and reconstruction of the Milwaukee South Shore breakwater. 
The installation of the bluff toe protection structures would entail a capital 
investment of from $125 to $1,400 per linear foot of shoreline. The groin 
system, which is the lowest cost alternative, may provide adequate protec­
tion for only that portion of the study area which is already partially 
protected by the Milwaukee South Shore breakwater. Surface water drainage 
control could be provided at a cost of approximately $10 per linear foot of 
shoreline. Groundwater drainage, which may be necessary only for 6 percent 
of the shoreline, could be provided at a cost of about $30 per linear foot 
of shoreline. Bluff slope stabilization could be accomplished by cutting back, 
regrading, and revegetating the slope, at a cost of from $107 to $152 per 
linear foot of shoreline; or by terracing the bluff slope with retaining 
walls, at a cost of about $2,400 per linear foot of shoreline. Annual mainte­
nance costs for shore protection structures generally range up to 2 percent 
of the capital cost. 

Erosion risk and setback distances from the existing bluff edge were identi­
fied (or each of 19 bluff recession reaches under the following alternatives: 
1) 50-year nonstructural, 2) structural having bluff toe protection with 
a bulkhead, and 3) structural having bluff toe protection with a structure 
other than a bulkhead. The erosion risk distance is defined as the distance 
from the existing bluff edge which may be expected to be affected by recession 
of the bluff over a 50-year time period, and by the regrading of the bluff 
slope to achieve a stable slope of about one on two and one-half. The setback 
distance is defined as the erosion risk distance plus a minimum facility set­
back distance ranging from 100 to 200 feet. The area contained within the 
50-year nonstructural erosion risk distance from the existing bluff edge 
includes about 20 acres of land, or about 12 percent of the study area, and 
has a current economic value of about $650,000. The area contained within the 
structural erosion risk distance from the existing bluff edge--if a bulkhead 
should be used to provide bluff toe protection--includes about five acres 
of land, or about 3 percent of the study area. This land has a current eco­
nomic value of about $160,000. If a structure other than a bulkhead is used 
to provide bluff toe protection, the structural erosion risk distance would 
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include about seven acres of land, or about 4 percent of the study area, having 
a current economic value of about $230,000. 

Land use management measures related to shore erosion are necessary to protect 
new urban development within the study area from damage or destruction. The 
City of St. Francis zoning ordinance could be amended to include provisions 
directly related to shoreline erosion hazards. Educational and informational 
efforts could also be undertaken by the City to inform affected parties of 
this erosion risk and of potential control measures. Land use management 
activities of particular concern to shoreline erosion are construction site 
erosion control and stormwater management. 

RECOMMENDATIONS 

The findings and recommendations of this study are intended to help inform 
city officials and potential land developers of the location and extent of the 
Lake Michigan shoreline area subject to a risk of erosion, and of actions that 
can help to reduce that risk. The determination of whether structural shore 
protection measures are required is primarily dependent upon whether urban 
development will be permitted to occur within the study area. The study results 
indicated that urban development could be permitted within an approximately 
40-acre land parcel without additional shore protection being required. If no 
development is permitted to occur within the study area beyond this 40-acre 
land parcel in the future, no additional expenditures should be necessary for 
shore protection for at least the next 50 years, other than for maintenance 
of the existing structural shore protection measures. Maintenance of the 
existing structures entails a minimum annual cost of about $25,000. 

If additional urban development is desired in the study area, however, then 
structural shore protection measures should be provided. Bluff toe protection, 
bluff slope stabilization, stormwater management, and groundwater drainage 
control are recommended. Depending upon the type of structure selected, bluff 
toe protection would entail a capital cost of from $1.2 million to $5.1 mil­
lion, and an annual maintenance cost ranging from $15,000 to $50,000. Bluff 
slope stabilization could entail a minimum capital cost of about $430,000 and 
an annual maintenance cost of about $5,000, if all of the remaining unprotected 
shoreline of the study area were to be protected. Stormwater management mea­
sures'may be expected to cost up to $40,000 and require an annual maintenance 
cost of about $2,000. Groundwater drainage could be provided at a cost of 
about $20,000, with an annual maintenance cost of about $1,000. A reasonable 
estimate of the total capital cost of bluff toe protection utilizing a concrete 
cantilevered bulkhead, bluff slope stabilization, and storm- and groundwater 
protection measures is $1.8 million, or about $400 per linear foot of shore­
line, with an annual maintenance cost of $30,000. The provis ion of shore 
protection measures to areas not now protected would allow the development 
of an additional 12 acres of land, at a capital cost of about $150,000 per 
acre and an annual maintenance cost of $2,500 per acre. The provision of the 
shore protection measures would also allow an additional seven acres to be 
fully developed for urban use, rather than only for public utility and public 
recreational use. 

Recommended amendments to the City of St. Francis zoning ordinance which would, 
in the public interest, regulate shore protection, land uses, activities, and 
facility locations within the specified setback distances are set forth in 
Appendix B of this report. 
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On the basis of the nonstructural erosion risk distances presented in Chap­
ter III, setback distances are specified to protect those areas potentially 
subject to erosion within a 50-year time period. For shoreland areas actively 
eroding and not protected by structural shore protection measures, a minimum 
facility setback distance of 100 feet for public utilities and outdoor recrea­
tional facilities is recommended, and a setback of 200 feet is recommended 
for other major permanent buildings and facilities. Structural erosion risk 
distances and setback distances are provided for those areas which are or 
will be protected by structural shore protection measures. For shoreland areas 
which are currently stabilized, or which will be protected by structural shore 
protection measures, a minimum facility setback distance of 100 feet is recom­
mended for all major permanent buildings and facilities. All of these set­
back distances are intended to be incorporated as amendments into the city 
zoning ordinance. 

Uses recommended to be prohibited within the specified nonstructural and 
structural setback distances include the development or redevelopment of major 
facilities and buildings, including streets. Conditional uses include land 
disturbance activities, tree cutting, and the construction of structural shore 
protection measures. Uses recommended to be permitted within the setback 
distances include open space uses, the storage of portable equipment and sup­
plies, accessory buildings such as storage sheds, and minor facilities such 
as driveways, sidewalks, patios, and fences. 

It is recommended that the city zoning ordinance contain provisions which would 
allow property owners or applicants the opportunity to present information 
which could be used to modify the required setback distance. In addition, if 
development does not occur, it is recommended that the nonstructural erosion 
risk and setback distances be refined and updated at approximately 10-year 
intervals. 

Construction site erosion control and stormwater management provisions which 
pertain to development within the study area are recommended to be added as 
amendments to the city subdivision control ordinance. 

The adoption and implementation of the management measures herein recommended 
for the Lake Michigan shoreland area of the City of St. Francis will help 
reduce the serious bluff recession problems affecting the city 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 areas, promoting the public 
health, safety, and general welfare. 
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Appendix A 

GLOSSARY OF SHORELINE EROSION-RELATED TERMS 

BEACH: An area of unconsolidated material which extends landward from the 
ordinary low-water line to the line marking a distinct change in physio­
graphic 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 ero­

sion by the adjacent water body and because of unstable slope conditions. 
BOU LDERS: Rock particles with a diameter of more than 10 inches. 
BREAKWATER: An off-shore barrier which breaks the force of waves and pro­

vides 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. 

CLAY: Very fine-grained soil with a particle diameter of less than 0.00015 
inch. 

COBBLES: Rock particles with a diameter ranging from 3 to 10 inches. 
DEEP WATER: Area where surface waves are not influenced by the lake bottom. 

In general, deep water is considered water deeper than one-half the surface 
wavelength. 

EROSION: The wearing away of land by water and wind action. 
FI L TER CLOTH: Synthetic fabric with openings of a size which allows water 

to pass through and escape but which prevents soil from passing through and 
being washed away. 

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

GLACIAL TI LL: Unstratified glacial debris, consisting of unsorted particles 
ranging from clay to boulders. 

GRAVEL: Rock particles with a diameter ranging from 0.18 inch to 3 inches. 
GROIN: A structure projecting outward from the shore designed to protect 

the shore from erosion and to arrest sand movement along the shore, thereby 
encouraging the formation of increased beach widths. 

GROSS STABLE SLOPE DISTANCE: The total horizontal distance of a bluff 
with a stable slope. In the City of St. Francis, a stable bluff slope along 
the Lake Michigan shoreline may be assumed to have an angle with a hori­
zontal of approximately 22°. This bluff slope would result in a gross stable 
slope distance that is about two and one-half times the bluff height. 

GROUNDWATER SEEPAGE: The movement of water--through cracks, pores, and 
interstices--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. 

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 types of 
slope failure such as slumping or sliding. 
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NONSTRUCTURAL EROSION RISK DISTANCE: The distance from the eXisting 
bluff edge that is expected to be affected by continued bluff recession, 
and by regrading of the bluff face to a stable slope (the net stable slope 
distance). This distance applies to those shoreline areas which are actively 
eroding and not protected, or planned to be protected, by shore protection 
structures. 

NONSTRUCTURAL SETBACK OVERLAY DISTRICT DISTANCE: For Lake 
Michigan shoreland areas not 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. 

OVERTOPPI NG: 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. 

PHREATIC lONE: The area below the upper boundary of the water table in 
soils, in which water moves under the influence of gravity and which may 
contribute water to springs and seeps. 

REVETMENT: A facing of stone, concrete, or other material placed on 
a flattened slope at the shoreline to protect the shore from erosion by 
wave action. 

RI LL AND GULLY FLOW: The concentrated, channelized flow of water over 
the soil surface during a rainfall event. 

SAND: Coarse-grained soils with a particle diameter of between 0.18 and 
0.003 inch. 

SCOU RING: A cause of failure of shore protection structures where waves 
remove material at the base or toe of the structure. 

SEAWALL: A structure of wood, stone, concrete, or steel erected along and 
para1lel to a portion of a shoreline primarily to prevent erosion and 
other damage from wave action. Also called a bulkhead. 

SHEAR STRENGTH: The ability of soil particles to resist stress forces which 
tend to cause adjacent particles to slide past each other. 

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 a rain­
fa1l event. 

SHORELINE: The intersection of a water body with a shore or beach. 
S I L T: Fine-grained soils with a particle diameter of between 0.003 and 

0.00015 inch. 
SLIDING: A type of slope failure where material moves along a single slide 

plane. 
SLOPE STABILITY ANALYSIS: A method of evaluating existing slope stability 

and for predicting bluff slope failure by utilizing geotechnical engineering 
techniques to quantify and evaluate those stress and strength factors that 
affect the bluff slopes. 

SLUMPI NG: A type of rapid slope failure where a fairly large soil mass slides 
on a curved surface, usually rotating so that the top of the slump block is 
tilted back and toward the slope. 
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SOl L FLOW: A type of slope failure where the soil becomes saturated with 
water and the soil mass actually liquifies and moves like a fluid. Flows 
may be caused by surface water runoff, groundwater seepage, and the melting 
of intergranular ice. 

SOLI FLUCTION: Soil flow resulting from the freeze and thaw of water which 
saturates the soil. 

STABLE BLUFF SLOPE: The slope of a bluff face which, based on the physical 
characteristics of the soils, would not likely be affected by major types 
of slope failure. A stable bluff slope of one on two and one-half was iden­
tified for the City of St. Francis Lake Michigan bluff slopes. 

STRUCTURAL EROSION RISK DISTANCE: The distance from the existing bluff 
which is expected to be affected by regrading of the bluff to a stable 
slope (the net stable slope distance). This distance applies to those 
shoreline areas which are currently stabilized, or which are protected, 
or planned to be protected, by proper shore protection structures. 

STRUCTURAL SETBACK OVERLAY DISTRICT DISTANCE: For Lake Michigan 
shoreland areas which are currently stabilized or which are, or would be, 
protected by properly designed, constructed, and maintained shore protec­
tion structures, the distance from the existing bluff edge which would be 
lost by regrading of the bluff slope as needed to achieve a stable slope. 
The structural setback distance also includes a minimum facility setback 
distance. 

STRUCTURAL SHORE PROTECTION MEASURES: 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 available to absorb wave 
energy before the water reaches the bluff, by dissipating wave energy, 
and/or by stabilizing the bluff slope. Shore protection structures include 
bulkheads or seawalls, revetments, groins, breakwaters, and slope stabil­
ization measures. 

UNDERCUTTI NG: A cause of failure of shore protection structures where 
the waves undercut the structure, removing material beneath the foundation. 

WALE: Horizontal beam on a bulkhead used to laterally transfer loads against 
the structure and hold it in a straight alignment. 

WAVE REFRACTION: The bending of waves near the shoreline due to varia­
tions in the water depth. 

WEEP HOLES: Outlet in a bulkhead which prevents hydrostatic pressure 
bu!ldup and frost heave. 

103 



 

 

(This page intentionally left blank) 



Appendix B 

RECOMMENDED AMENDMENTS TO THE CITY OF ST. FRANCIS ZONING 
ORDINANCE TO INCORPORATE SPECIAL REGULATIONS FOR EROSION 
RISK SETBACK DISTANCES ALONG THE LAKE MICHIGAN SHORELINE 

1. Repeal and re-create Section 239.02 to read as follows: 

239.02 DISTRICTS: 
(1) For the purposes of this ordinance, the City of St. Francis, Wiscon­
sin, is hereby divided into 10 basic districts and two overlay districts, 
as follows: 

239.02 DISTRICTS: 
Residence District R-1 
Residence District R-2 
Residence District R-3 
Residence District R-4 
Residence District R-5 
Institutional Use District Iu 
Business District B-1 
Business District B-2 
Industrial District M-1 
Industrial District M-2 
Structural Setback Overlay District SSO 
Nonstructural Setback Overlay District NSO 

(2) The boundaries of the aforesaid districts, except for the structural 
and nonstructural setback overlay districts, are hereby established as 
shown on the map entitled "District Zoning Map, St. Francis, Wisconsin," 
dated , 19 __ , which map accompanies and is made a part of 
this ordinance. All notations and references shown on the District Zoning 
Map are as much a part of this ordinance as though specifically described 
herein. 

(a) The district boundaries are either streets or alleys, unless other­
wise shown, and where the designation on the District Zoning Map indi­
cates that the various districts are approximately bounded by a street 
or alley line, such street or alley line shall be construed to be the 
district boundary line. 

(b) Where the district boundaries are not otherwise indicated and where 
the property has been or may hereafter be divided into blocks and lots, 
the district boundaries shall be construed to be lot lines, and where 
the designations on the District Zoning Map are approximately bounded 
by lot lines, said lot lines shall be construed to be the boundary of 
the district. 

(c) In unsubdivided property, the district boundary lines shown on the 
District Zoning Map shall be determined by the use of the scale shown 
on the map. 
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Cd) The boundaries of the SSO Structural Setback Overlay District shall 
be determined through the use of the following equation establishing 
a setback distance from the existing Lake Michigan bluff edge: 

~
SO Structural 

Setback Overlay 
District Distance = 

Additional Horizontal 
Distance Required 
to Achieve 1 :2.5 
Stable Bluff Slope 

+ 
Minimu~ Facility 
Setback 
Distance 

Areas located within the SSO District would be subject to both the 
requirements of the district identified on the District Zoning Map 
and the requirements of the SSO District, if adequate shore protection 
is provided. 

Ce) The boundaries of the NSO Nonstructural Setback Overlay District 
shall be determined through the use of the following equation estab­
lishing a setback distance from the existing Lake Michigan bluff edge: 

a
SO Nonstructural 

Setback Overlay = 
District Distance 

Additional Horizontal 
Distance Required 
to Achieve a 1 :2.5 
Stable Bluff Slope 

+ 

Average 
Annual Bluff 
Recession Rate 
x 50 Years 

+ 
Minimu~ Facility 
Setback 
Distance 

Areas located within the NSO District would be subject to both the 
requirements of the district identified on the District Zoning Map and 
the requirements of the NSO District, if adequate shore protection is 
not provided. 

2. Add to Section 239.04: 
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Add the following definitions, in the appropriate alphabetical order, to 
Section 239.04: 

239.04 DEFINITIONS: 
Bluff: The often steeply sloped land area located to the landward side 
of Lake Michigan beach. 

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 non­
structural 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 slope failure processes such as slump­
ing or sliding. The stable slope distance is one component of the structural 
and nonstructural setback overlay district distances. 

Nonstructural Setback Overlay District Distance: For Lake Michigan shore­
land areas which are actively eroding and not to be protected by properly 
designed, constructed, and maintained structural shore protection measures, 



the distance from the existing bluff edge which is expected to be affected 
by shoreline erosion and bluff recession over a 50-year period, and by 
regrading of the bluff slope as needed to achieve a stable slope. The non­
structural setback distance also includes a minimum facility setback 
distance. 

Structural Setback Overlay District Distance: For Lake Michigan shoreland 
areas which have stabilized shorelines or which are to be protected by 
properly designed, constructed, and maintained structural shore protection 
measures, the distance from the existing bluff edge which would be lost by 
regrading the bluff slope as needed to achieve a stable slope. The struc­
tural setback distance also includes a minimum facility setback distance. 

Structural Shore Protection Measures: 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 available to absorb wave 
energy before the water reaches the bluff, by dissipating wave energy, 
and/or by stabilizing the bluff slope. Structural shore protection measures 
include bulkheads, revetments, groins, breakwaters, s lope stabilization 
measures, and surface water and groundwater drainage facilities. 

3. Repeal and re-create the following section numbers: 

Board of Appeals 
Changes and Amendments 
Administration, Enforcement, 

and Penal ties 
Legal Status 

Old Numbers 
239.16 
239.17 

239.18 
239.19 

4. Create Section 239.16 to read as follows: 

239.16 STRUCTURAL SETBACK OVERLAY DISTRICT SSO 

Revised Numbers 
239.18 
239.19 

239.20 
239.21 

The SSO Structural Setback Overlay District is intended to be used to pro­
tect people and property from shore erosion damage in Lake Michigan shore­
land areas protected by properly designed, constructed, and maintained 
shore protection structures, and in areas with stabilized shorelines not 
protected by structures. All new development within these shoreland areas 
shall be adequately protected by a stabilized shoreline or, where neces­
sary, by properly designed, constructed, and maintained structural shore 
protection measures. Such structural shore protection measures shall meet 
the criteria set forth in Table 11 in Chapter III of SEWRPC Community 
Assistance Planning Report No. 110, A Lake Michigan Coastal Erosion and 
Related Land Use Management Study for the City of St. Francis, Wisconsin. 

(1) Delineation of SSO District: In delineating the SSO district, the 
required recession or regrading of the bluff needed to form a stable slope, 
plus a minimum facility setback distance, shall be computed. The stable 
slope provides protection against further major bluff recession, as long 
as the structural shore protection measures are effective. This stable 
slope distance is measured from the existing bluff edge. The distance 
required to achieve a one on two and one-half stable bluff slope is set 
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forth in Table 13 in Chapter III of SEWRPC Community Assistance Planning 
Report No. 110, A Lake Michigan Coastal Erosion and Related Land Use 
Management Study for the City of St. Francis, Wisconsin, and shall be used 
to determine the stable slope distance. 

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 
structural shore protection measures during extreme storm events or other 
natural occurrences, and provides a buffer area which helps protect 
the regraded 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 mini­
mum facility setback distance provides an area which may be effectively 
utilized to facilitate surface water and subsurface water drainage and 
control. Minimum facility setback distances measured from the edge of the 
net stable slope distance shall be 100 feet for all permanent buildings 
and facilities. 

(2) Modification of ssa District: 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 from that defined in SEWRPC Com­
munity Assistance Planning Report No. 110, or that the height of the bluff 
is different from the assumed height. The City Plan Commission may also 
modify the required minimum facility setback distance if an applicant or 
property owner submits acceptable engineering and geotechnical analyses 
which indicate that application of a minimum facility setback distance of 
less than 100 feet would provide an adequate safety factor and not increase 
the risk of bluff slope failure. 

(3) Principal Uses: The following shoreland uses are permitted within the 
structural setback overlay district: Surface water and groundwater drainage 
and control facilities, open space uses, storage of portab~e equipment and 
supplies, accessory buildings such as storage sheds, and minor facilities 
such as driveways, sidewalks, patios, and fences. 

(4) Conditional Uses: The following may be conditional shoreland uses within 
the structural setback overlay district, subject to the approval of the 
City Plan Commission: 

(a) Land disturbance and earth movements not prohibited in Section 
239.05(15), such as grading, topsoil removal, excavation, and soil and 
water conservation structures, provided that such uses are so regulated 
as to prevent erosion and sedimentation and to not increase the risk of 
bluff slope failure. 

(b) Tree cutting and shrubbery clearing provided that such cutting and 
clearing shall be so regulated as to prevent erosion and sedimentation, 
preserve and improve scenic qualities, and not increase the risk of 
bluff slope failure. 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 its recommenda­
tions before taking final action but not to exceed sixty (60) days. 



(c) Structural shore protection measures for the Lake Michigan shore­
line such as revetments, bulkheads, groins, and breakwaters. All such 
structures shall meet the criteria set forth in Table 11 in Chapter III 
of SEWRPC Community Assistance Planning Report No. 110, A Lake Michigan 
Coastal Erosion and Related Land Use Management Study for the City of 
St. Francis, Wisconsin. 

(5) Prohibited Uses: The following are prohibited shoreland uses within the 
structural setback overlay district: new, permanent residential, institu­
tional, commercial, industrial, and recreational buildings and facilities; 
and streets. 

6. Create Section 239.17 to read as follows: 

239.17 NONSTRUCTURAL SETBACK OVERLAY DISTRICT NSO 
The NSO Nonstructural Setback Overlay District is intended to be used to 
protect people and property from shore erosion damage in Lake Michigan 
shore land areas which are actively eroding and which are not protected by 
properly designed, constructed, and maintained shore protection structures. 

(1) Delineation of NSO District: In delineating the NSO district, the 
expected bluff recession over a 50-year period, plus the required recession, 
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 because 
of bluff recession and the formation of a stable s lope over a 50-year 
period, plus a minimum facility setback distance. The distance required 
to achieve a one on two and one-half stable bluff slope is set forth in 
Table 13 in Chapter III of SEWRPC Community Assistance Planning Report 
No. 110, A Lake Michigan Coastal Erosion and Related Land Use Management 
Study for the City of St. Francis, Wisconsin, and shall be used to determine 
the stable slope distance. 

Minimum facility setback dist~nces measured from the edge of the net stable 
slope distance shall be as follows: 

a. 200 feet for all permanent buildings and facilities except public 
utilities and outdoor recreational facilities. 

b. 100 feet for public utilities and outdoor recreational facilities. 

(2) Modification of NSO District: The calculated nonstructural setback over­
lay district distance 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 from that set forth in SEWRPC 
Community Assistance Planning Report No. 110, that the required distance 
for a stable slope is different, or that the height of the bluff is dif­
ferent from the height presented in the report. The City Plan Commission 
may also modify the required minimum facility setback distance if an appli­
cant or property owner submits acceptable engineering and geotechnical 
analyses which indicate that application of a minimum facility setback 
distance of less than as specified above would provide an adequate safety 
factor and not increase the rate of bluff recession. 
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(3) Princpal Uses: The following shoreland uses are permitted within the 
nonstructural setback overlay district: Surface water and groundwater drain­
age and control facilities, open space uses, storage of portable equipment 
and supplies, accessory buildings such as storage sheds, and minor facili­
ties such as driveways, sidewalks, patios, and fences. 

(4) Conditional Uses: The following may be conditional shoreland uses within 
the nonstructural setback overlay district, subject to the approval of the 
City Plan Commission: 

(a) Land disturbance and earth movements not prohibited in Section 
239.05(15), such as grading, topsoil removal, excavation, and soil and 
water conservation structures, provided that such uses are so regulated 
as to prevent erosion and sedimentation and to not increase the risk 
of bluff slope failure. 

(b) Tree cutting and shrubbery clearing provided that such cutting and 
clearing shall be so regulated as to prevent erosion and sedimentation, 
preserve and improve scenic qualities, and not increase the risk of 
bluff slope failure. 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 its recommenda­
tions before taking final action but not to exceed sixty (60) days. 

(5) Prohibited Uses: The following ar~ prohibited shoreland uses within the 
nonstructural setback overlay district: new, permanent residential, institu­
tional, commercial, industrial, and recreational buildings and facilities; 
and streets. 

7. Add to Section 239.21: 
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239.21 LEGAL STATUS: 
(5) Nonliability: The nonstructural setback overlay district distance 
prOV1Slons for the Lake Michigan shoreland are considered the minimum 
reasonable requirements necessary to reduce bluff recession damages to 
buildings and 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 activities. Similarly, 
compliance with the structural setback overlay district distances set 
forth in this Ordinance is assumed to provide reasonable protection from 
further bluff recession if the structural shore protection measures are 
properly designed, constructed, and maintained. However, even proper 
structural protection measures 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 compli­
ance with its terms will be protected from all erosion damage. Reliance on 
these regulations shall not create liability on the part of the City of 
St. Francis, or employees, for any erosion damages that may occur as 
a result of reliance upon, and conformance with, this Ordinance. 
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