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STATEMENT OF THE CHAIRMAN

In August 1967 the Commission began a four-year comprehensive study of the Milwaukee River watershed in southeastern
Wisconsin, The purpose of the study, as well stated in the Milwaukee River Watershed Prospectus, was to prepare a cam-
prehensive plan for the physical development of the watershed designed to assist the federal, state, and local units of govern-
ment concerned in solving the serious problems of flooding, water pollution, and changing land use which exist within the
watershed. Because the headwater portions of the watershed lie outside the seven-county Southeastern Wisconsin Region in
Fond du Lac and Shehoygan Counties, the Commission requested and obtained cooperation, including financial participation,
from the County Boards of these two counties in the conduct of this very important watershed study.

In December 1970 the Commission published the first volume of the two-volume final planning report on the Milwaukee River
woatershed study. That first volume presented a summary of the factual findings of the planning and engineering inventories
conducted under the study; identified and, to the extent possible, quantified the land and water resource-related problems of
the watershed; and presented pertinent forecasts of anticipated growth and change within the watershed. The inventories and
forecasts set forth in the first volume provided the basis for the preparation of alternative watershed plan elements and for the
selection of a recommended comprehensive watershed plan from among these alternative elements.

This, the second and final volume of the planning report, presents the alternative land use, natural resource protection, park
and outdoor recreation, parkway and scenic drive, flood control, stream and lake water pollution abatement, and water supply
plan elements considered; describes the recommended comprehensive plan for the watershed; and sets forth detailed recom-
mendations on the means for carrying out the plan.

The recommended watershed plan set forth in this volume represents another important element in the comprehensive plan for
the physical development of the Southeastern Wisconsin Region, which the Commission is charged by statute with preparing.
As is true of all of the Commission's work, the Mi!waukee River watershed plan is entirely advisory to the local, state, and
federal units of sovernment concerned. The recommended plan elements and implementation devices set forth in this report
are intended to provide a point of departure against which watershed development proposals can be evaluated as they arise on
a day-to-day basis. Upon formal adoption of the final watershed plan by this Commission, an official copy thereof will be
transmitted to all affected local, state, and federal units and agencies of government, with a request for their consideration
and formal adoption and appropriate implementing action. Plan implementation must necessarily be achieved through the coop-
erative action of all of the governmental units and agencies operating within the watershed, with heavy emphasis, however, upon
the role of the county and state levels of government

In its continuing role of acting as a center for the coordination of planning and plan implementation activities within the Region,
the Commission stands ready to provide such assistance as may be requested of it to the various units and agencies of govern-
ment concerned in implementation of the Milwaukee River watershed plan,

Respectfully submitted,

7.* €1 /e
GeorgetC. Berteau

Chairman
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Chapter I

INTRODUCTION

This report is the second in a series of two vol-
umes, which together present the major findings
and recommendations of the Southeastern Wis-
consin Regional Planning Commission Milwaukee
River watershed planning program, The first vol-
ume, published in December 1970, sets forth the
basic principles and concepts underlying the study
and presents in summary form the basic facts
pertinent to the preparation of a comprehensive
plan for the physical development of the Milwau-
kee River watershed, with particular emphasis
upon the existing state of the land and water
resources of the basin and the developmental and
environmental problems associated with these
resources. The first volume also contains fore-
casts of anticipated future growth and change
within the watershed and an analysis of water
law, as such law relates to watershed plan
preparation and implementation, with particu-
lar emphasis upon flood control and pollution
abatement.

This, the second and final volume of the series,
sets forth watershed development objectives,
principles, and standards; presents alternative
plans for land use and water control facility
development and for resource preservation and
enhancement within the watershed; and recom-
mends a comprehensive watershed development
plan designed to meet the watershed development
objectives under existing and probable future
conditions. It proposes staging for water control
facility development and recommends means for
plan implementation. In addition, this volume
also precsents a comparative analysis of the
changes which may be expected to occur within the
watershed by 1990 if present development trends
continue without redirection in the public interest.
This latter alternative is presented not as a plan
to be used to guide development within the water-
shed but, rather, as a forecast of unplanned
development and is intended to be used as a
standard of comparison for the evaluation of the
recommended watershed development plan.

The recommended watershed development plan
presented in this volume is the end result of a
seven-step planning process developed by the

Commission by which the principal functional
relationships existing within the watershed can
be accurately described, both graphically and
numerically; the hydrologic and hydraulic charac-
teristics of the watershed simulated; and the effect
of different courses of action, with respect to land
use and water control facility development, eval-
uated. These seven steps involved in this planning
process are: 1) study design, 2) formulation of
objectives and standards, 3) inventory, 4) analysis
and forecast, 5) plan design, 6) plan test and
evaluation, and 7) plan selection and adoption.
Volume 1 of this report dealt with the first, third,
and fourth steps in this planning process. This
volume deals with the remaining four steps: for-
mulation of objectives and standards, plan design,
plan test and evaluation, and plan selection and
adoption. Plan implementation, although beyond
the initial planning process, has been considered
throughout the process; and this volume contains
specific recommendations for planimplementation.

A brief description of each of the seven steps
comprising the planning process is contained in
Chapter II, Volume 1, of this report, together
with the basic principles and concepts underlying
the watershed planning process and the watershed
as a rational planning unit. Reconsideration of,
and elaboration on, the four steps in the planning
process with which this volume are concerned are
warranted here.

FORMULATION OF OBJECTIVES
AND STANDARDS

It is noted in Volume 1 of this report that planning
is a rational process for formulating and meeting
objectives; and, therefore, the formulation of
objectives is an essential task which must be
undertaken before plans can be prepared. The
objectives chosen guide the preparation of alter-
native plans and, when converted to standards,
provide the criteria for evaluating and selecting
from among the alternatives. Since objectives
provide the logical basis for plan synthesis, the
formulation of sound objectives is a crucial step
in the planning process. Yet, the process of
formulating objectives has received relatively



little attention in most planning operations. The
lack of a comprehensive and tested approach to
the problem of formulating objectives, however,
provides no valid excuse for neglecting this
fundamental task.

It is important to recognize that, because the
formulation of objectives involves a formal defini-
tion of a desirable physical system by listing, in
effect, the broad needs which the system aims to
satisfy, the objectives implicitly reflect an under-
lying value system. Thus, every physical develop-
ment plan is accompanied by its own unique value
system. The diverse nature of value systems in
a complex urban society complicates the process
of goal formulation and makes it one of the most
difficult tasks of the planning process. This
difficulty relates, in part, to the lack of a clear-
cut basis for a choice between value systems and,
in part, to the reluctance of public officials to
make an explicit choice of ultimate goals. Yet, it
is even more important to choose the ''right"
objectives than to choose the 'right'" plan. To
choose the wrong objectives is to solve the wrong
problem; to choose the wrong plan is merely to
choose a less efficient physical system. While,
because of differing value systems, there may be
no single argument to support the given choice of
objectives, it is possible to state certain planning
principles which provide at least some support for
the choice; and this has been done herein.

Objectives cannot be intelligently chosen without
knowledge of the crucial relationships existing
between objectives and means. This suggests that
the formulation of objectives is best done by
people with prior knowledge of the social, cco-
nomic, and technical means of achieving the
objectives, as well as of the underlying value
systems. Even so, it must be recognized that the
objectives may change as a selection is attempted
from among alternative means or plans. In the
process of evaluating alternative plans, the vari-
ous alternative plan proposals are ranked accord-
ing to ability to meet objectives. If the best plan
so identified nevertheless falls short of the chosen
objectives, either a better plan must be synthe-
sized or the objectives must be compromised. The
plan evaluation provides the basis for deciding
which objectives to compromise. The compro-
mises may take three forms: certain objectives
may be dropped because their satisfaction has
been proven unrealistic; new objectives may be
suggested;or conflicts between inconsistent objec-
tives may be balanced out. Thus, formulation of

objectives must proceed hand in hand with plan
design and plan implementation as a part of a
continuing planning process.

Concern for objectives cannot end with a mere
listing of desired goals. The goals must be
related in a demonstrable and, wherever possible,
quantifiable manner to physical development pro-
posals. Only through such a relationship can
alternative development proposals be properly
evaluated. This relationship is accomplished
through a set of supporting standards for each
chosen objective.

Because of the value judgments inherent in any
set of development objectives and their supporting
standards, soundly conceived watershed develop-
ment objectives, like regional development objec-
tives, should incorporate the combined knowledge
of many people who are informed about the water-
shed and should be established by duly elected or
appointed representatives legally assigned this
responsibility rather than by planning and engi-
neering technicians. Active participation by duly
elected or appointed public officials and by citizen
leaders in the regional planning program is
implicit in the structure and organization of the
Regional Planning Commission itself. Moreover,
the Commission has provided for the establish-
ment of advisory committees to assist it in the
conduct of the regional planning program, includ-
ing the necessary watershed planning studies, and
to broaden the opportunities for active participa-
tion in the regional planning effort.

The use of these advisory committees appears to
be the most practical and effective procedure
available for involving officials, technicians, and
citizens in the regional planning process and of
openly arriving at decisions and action programs
which can shape the future physical development
of the Region and its component watersheds. Only
by combining the accumulated knowledge and
experience which the various advisory committee
members possess can a meaningful expression
of desired direction, magnitude, and quality of
future regional and watershed development be
attained. One of the major tasks of these advis-
ory committees, therefore, is to assist the
Commission in the formulation of development
objectives, supporting principles, and standards.
This chapter sets forth the watershed planning
objectives, principles, and standards which have
been adopted by the Commission after careful
review and recommendation by the advisory com-
mittees concerned.



PLAN DESIGN

It was noted in Volume 1 of this report that plan
synthesis, or design, forms the heart of the plan-
ning process and that the watershed plan design
problem consists essentially of determining the
allocation of scarce resources—land and water—
between competing and often conflicting demands.
This allocation must be accomplished so as to
satisfy the aggregate needs for each use and
comply with the design standards derived from the
plan objectives, all at a feasible cost.

The task of designing two of the major components
of an environment for life—the land use pattern
and the water control facility system of a water-
shed—is a most complex and difficult problem.
Not only does each component constitute in itself
a major problem in terms of the sheer size of the
system to be designed but the pattern of inter-
action between the components is also exceedingly
complex and constantly changing. The land use
pattern must enable people to live in close coop-
eration and yet freely pursue an enormous variety
of interests. It must minimize conflicts between
population growth and limited land and water
resources; maintain an ecological balance of
human, animal, and plant life; and avoid gross
public health and welfare problems. The water
control facilities must be able to carry the flood
and pollution loadings generated by the land use
pattern, meeting agreed-upon water use objectives
while recognizing the use of existing facilities and
minimizing overall costs.

The magnitude of such a design problem nearly
reaches an insoluble level of complexity; yet, no
substitute for intuition in plan design has so far
been found, much less developed to a practical
level. Means do exist, however, for reducing the
gap between the necessary intuitive and integra-
tive grasp of the problem and its growing magni-
tude; and these have been fully applied in the
Milwaukee River watershed study. These means
center primarily on the application of systems
engineering techniques to the quantitative test of
both the land use and water facility plans, as
described below under the plan test and evaluation
phase. Yet, the quantitative tests involved in these
techniques, while powerful aids to the determina-
tion of the adequacy of the plan design, are
of strictly limited usefulness in actual plan syn-
thesis. Consequently, it is still necessary to
develop both the land use and water facility plans
by traditional graphic and analytical '"cut-and-try'

methods, then to quantitatively test the resulting
design by application of simulation model tech-
niques where applicable, and then make necessary
adjustments in the design until a workable plan
has been evolved.

Finally, and most importantly, it should be noted
that, in both land use and water facility plan
synthesis, the Commission had at its disposal far
more definitive information bearing on the prob-
lem than has ever before been available; and this
fact alone has made the traditional plan synthesis
techniques applied far more powerful and useful.

PLAN TEST AND EVALUATION

It was noted in Volume 1 of this report that, if the
plans developed in the design stage of the planning
process are to be practical and workable and
thereby realized in terms of actual land use and
water control facility system development, some
measures must be applied to quantitatively test
the feasibility of alternative plans in advance of
their adoption and implementation. Several levels
of review and evaluation may be involved, includ-
ing engineering performance, technical feasibility,
economic feasibility, legality, and political reac-
tion. Devices used to test and evaluate alternative
plans range from mathematical models used to
simulate river performance through interagency
meetings and public hearings. To assist in a
quantitative analysis of the engineering perfor-
mance and the technical and economic feasibility
of alternative plan elements, flood flow and water
quality simulation models were developed and
applied in the study. Test and evaluation, beyond
the quantitative analyses permitted by the model
application, involved qualitative evaluation of the
degree to which each alternative land use or water
control facility plan element met development
objectives and standards and of the legal feasi-
bility of the alternatives.

PLAN SELECTION AND ADOPTION

It was also noted in Volume 1 of this report that
the general approach contemplated for the selec-
tion of one plan from among the alternatives
considered was to proceed through the use of the
Milwaukee River Watershed Committee structure,
interagency meetings, and hearings to a final
decision and plan adoption by the Commission,
in accordance with the provisions of the state-
enabling legislation. Because plan selection and
adoption necessarily involve both technical and



nontechnical policy determinations, they must
be founded in the active involvement throughout
the entire planning process of the various gov-
ernmental bodies, technical agencies, and pri-
vate interest groups concerned with watershed
development. Such involvement is particularly
important in light of the advisory role of the
Commission in shaping regional development.
The use of advisory committees and both formal
and informal hearings appears to be the most
practical and effective procedure available for
involving public officials, technicians, and citizens
in the planning process and of openly arriving
at agreement among the affected governmental
bodies and agencies on objectives and on plans
which can be jointly implemented.

The preparation of a recommended comprehensive
plan for the Milwaukee River watershed required
that a selection be made from among the alterna-
tive elements which together should comprise the
comprehensive plan, including a land use base and
necessary supporting water control and pollution
abatement facilities. Such a selection must be
based upon consideration of many tangible and
intangible factors but should be focused primarily
upon the degree to which the agreed-upon water-
shed development objectives are satisfied and
upon the accorapanying costs. The selection of the
plan elements to be included in the final plan must
ultimately be made by the responsible elected and
appointed public officials concerned and not by
the planning technicians, although the latter may
properly make recommendations based upon eval-
uation of technical considerations.

Informational Meetings

Presiding Agency

Place of Meeting

As an integral part of the watershed planning
program, a series of informal public informa-
tional meetings and a formal public hearing were
held within the watershed. The meetings and
hearing were conducted by a special four-member
subcommittee of the Milwaukee River Watershed
Committee with the Chairman of the Watershed
Committee presiding. The purpose of these meet-
ings and hearing was to more fully inform public
officials and interested citizens about the findings
and recommendations of the watershed planning
program and to obtain the reaction of the officials
and citizens to the alternative plan elements
considered and the preliminary comprehensive
watershed plan recommended. The meetings and
hearing were preceded by the issuance of news
releases which were published in all of the daily
and weekly newspapers in circulation within the
watershed. A summary of the inventory, analysis,
and forecast findings; of the watershed develop-
ment objectives; of the alternative land use and
water control facility arrangements considered;
and of the recommended preliminary watershed
plan was presented at each of the meetings and
again at the hearing, together with data on the
costs and means for implementation of the recom-
mended plan. The public informational meetings
and hearing were held in accordance with the
schedule listed below, and minutes of both the
informational meetings and the public hearing,
totaling 225 pages in length, were published on
July 21, 1971, and transmitted to both the Milwau-
kee River Watershed Committee and the Regional
Planning Commission for review and consideration
prior to final adoption of the recommended plan.

Date of Meeting

Milwaukee River Watershed Committee

Milwaukee River Watershed Committee

Milwaukee River Watershed Committee

Milwaukee River Watershed Committee

City Hall
Mequon, Wisconsin

West Bend High School
West Bend, Wisconsin

Nicolet High School
Glendale, Wisconsin

Cedarburg High School
Cedarburg, Wisconsin

dJune 15, 1971
9:40 a.m. - 11:50 a. m.

June 17, 1971
7:40 p.m. - 10:35 p. m.

June 22, 1971
7:40 p.m. - 10:35 p. m.

June 24, 1971
7:45 p.m. - 10:25 p. m.



Public Hearing

Presiding Agency

Place of Hearing

Date of Hearing

Milwaukee River Watershed Committee

A total of 737 persons attended the informational
meetings and public hearing. The record of the
proceedings indicates that the public reaction to
the recommended land use, water pollution abate-
ment, and water supply elements was generally
favorable but that a sharp division of public
opinion existed over the best course of action with
respect to flood control. Those citizens residing
in the high potential flood damage areas of the
watershed, particularly in the riverine areas
through the Cities of Glendale and Mequon and the
Village of Saukville, and the elected public offi-
cials who represented these citizens, strongly
favored inclusion of the Waubeka Reservoir in the
final watershed plan. Those citizens residing in
or near the reservoir area and their elected offi-
cials vigorously opposed the inclusion of the
Waubeka Reservoir in the final watershed plan,
as did certain more broadly based conservation
and environmental preservation organizations.

With but a single major exception, no information
or arguments in either support of, or opposition
to, the multiple-purpose reservoir were advanced
at the hearings which had not been considered in
the plan formulation and evaluation and which
were not, therefore, set forth in Chapter IV of
this volume. Thus, the major arguments pre-
sented in favor of the reservoir included its
effectiveness as a structural flood control mea-
sure, its economic viability, its great recreational
potential, its low-flow augmentation potential, and
the adverse effect which a lack of positive action
in the area of flood control would have on existing
flood-prone land uses and land values in the lower
watershed. The major arguments presented in
opposition to the reservoir included the necessary
attendant destruction of existing woodlands, wet-
lands, and wildlife habitat areas; the loss of agri-
cultural land; the removal of land from local tax
rolls; the uncertainties concerning the level of
water quality within the reservoir and, hence, the
recreational potential of the reservoir, if the
water pollution abatement recommendations con-
tained in the plan are not fully implemented; the
possible fluctuation in the reservoir water level
and the attendant creation of 'mud flats'" during
periods of low water; and the difficulty of imple-
menting such a major public works project given
the existing institutional structure.

Homestead High School
Mequon, Wisconsin

June 29, 1971
7:40 p.m. - 11:20 p. m.

The only truly new information brought to light by
the informational meetings and public hearing was
contained in the testimony of officials of the Wis-
consin Electric Power Company, who indicated
that the reservoir might provide a good location
for a future major electric power generating sta-
tion, a station which could draw cooling water
from Lake Michigan and return that water to the
reservoir, thus enhancing both the quality of the
reservoir and augmenting low flows in the Mil-
waukee River downstream from the reservoir.

Some opposition was also expressed at the public
hearing to the proposals contained in the recom-
mended natural resource protection plan element
for public purchase of certain of the primary
environmental corridor lands within the water-
shed. The opponents of such purchase, however,
generally recognized the need for the preserva-
tion of the environmental corridors but suggested
that the preservation be accomplished largely by
zoning in order to avoid any adverse effects on
the local tax base.

Finally, it should be noted that Congressman
Henry S. Reuss, immediately following the public
hearing, requested the U. S. Army Corps of Engi-
neers to provide an advisory opinion as to whether
or not the Waubeka Reservoir and the Saukville
Diversion Channel would be eligible under existing
federal guidelines for Corps funding and construc-
tion. That advisory opinion, set forth in the letter
report of the Corps reproduced in Appendix I,
indicated that neither project would presently
qualify for federal assistance.

After careful consideration of the results of the
informational meetings and public hearing and of
the advisory opinion of the Corps of Engineers
affecting the financial feasibility of the Waubeka
Reservoir and Saukville Diversion Channel struc-
tural flood control measures, the Milwaukee River
Watershed Committee, at a meeting held on Octo-
ber 6, 1971, voted unanimously to recommend to
the Regional Planning Commission adoption of
a final watershed plan which did not depart in any
significant way from the preliminary plan pre-
sented at the public informational meetings and
public hearing. That plan is fully documented in
Chapter VII of this volume.






Chapter II

WATERSHED DEVELOPMENT OBJECTIVES, PRINCIPLES, AND STANDARDS

BASIC CONCEPTS AND DEFINITIONS

The term "objective' is subject to a wide range
of interpretation and application and is closely
linked to other terms often used in planning work
which are equally subject to a wide range of inter-
pretation and application. The following definitions
have, therefore, been adopted by the Commission
in order to provide a common frame of reference:

1. Objective; a goal or end toward the attain-
ment of which plans and policies are
directed.

2. Principle; a fundamental, primary, or gen-
erally accepted tenet used to support objec-
tives and prepare standards and plans.

3. Standard; a criterion used as a basis of
comparison to determine the adequacy of
plan proposals to attain objectives.

4. Plan; a design which seeks to achieve
agreed-upon objectives.

5. Policy; a rule or course of action used to
ensure plan implementation.

6. Program; a coordinated series of policies
and actions to carry out a plan.

Although this chapter deals only with the first
three of these terms, an understanding of the
interrelationship between the foregoing definitions
and the basic concepts which they represent is
essential to any consideration of watershed devel-
opment objectives, principles, and standards.

WATERSHED DEVELOPMENT OBJECTIVES

Objectives, in order to be useful in the watershed
planning process, must not only be sound logically
and related in a demonstrable and measurable
way to alternative physical development proposals
but must also be consistent with, and grow out
of, region-wide development objectives. This is
essential if the watershed plans are to comprise
integral elements of a comprehensive plan for the
physical development of the Region and if sound

coordination of regional and watershed develop-
ment is to be achieved.

The Southeastern Wisconsin Regional Planning
Commission has, in its planning efforts to date,
adopted, after careful review and recommendation
by various advisory and coordinating committees,
nine general regional developmentobjectives, eight
specific regional land use development objectives,
and seven specific regional transportation system
development objectives. These, together with
their supporting principles and standards, are
set forth in SEWRPC Planning Report No. 7,
Volume 2. Certain of these specific regional
development objectives relating to land use are
directly applicable to the watershed planning effort
and are hereby recommended for adoption as
development objectives for the Milwaukee River
watershed. These are:

1. A balanced allocation of space to the vari-
ous land use categories which meets the
social, physical, and economic needs of
the regional population.

2. A spatial distribution of the various land
uses which will result in the protection,
wise use, and development of the natural
resources of the Region—soils, inland
lakes and streams, ground water, wet-
lands, woodlands, and wildlife.

3. A spatial distribution of the various land
uses which is properly related to the sup-
porting transportation, utility, and public
facility services.

4, The preservation and provision of open
space to enhance the total quality of the
regional environment, maximize essen-
tial natural resource availability, give
form and structure to urban development,
and facilitate the ultimate attainment of
a balanced year-round outdoor recrea-
tional program providing a full range of
facilities for all age groups.

5. The preservation of land areas for agri-
cultural uses in order to provide for cer-
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tain special types of agriculture, provide
a reserve for future needs, and ensure the
preservation of those rural areas which
provide wildlife habitat and are essential
to shape and order urban development.

In addition to the foregoing specific regional land
use development objectives, the following specific
land use and surface and ground water develop-
ment objective is recommended for adoption as
an additional development objective for the Mil-
waukee River watershed:

6. The attainment of good soil and water con-
servation practices in order to reduce
storm water runoff, soil erosion, and
stream and lake sedimentation, pollution,
and eutrophication.

The following specific water control facility devel-
opment objectives are also recommended:

1. An integrated system of drainage and flood
control facilities which will effectively
reduce flood damage under the existing
land use pattern of the watershed and pro-
mote the implementation of the watershed
land use plan, meeting the anticipated run-
off loadings generated by the existing and
proposed land uses.

2. An integrated system of land management
and water quality control facilitics and
pollution abatement devices adequate to
ensure a quality of stream water neces-
sary to permit the water uses set forth in
Table 1.

3. An integrated system of land management
and water quality control facilities and
pollution abatement devices adequate to
ensure a quality of lake water necessary to
permit the water uses set forth in Table 1.

4, The attainment of sound ground water
resource development and protective prac-
tices to minimize the possibility for pol-
lution and depletion of the ground water
resources,

Complementing each of the foregoing specific
land use and water control facility development
objectives is a planning principle and a set of
planning standards. These, as they apply to
watershed planning and development, are set forth

in Tables 1 and 2 and serve to facilitate quanti-
tative application of the objectives in plan design,
test, and evaluation.

It should be noted that the planning standards
herein adopted fall into two groups: comparative
and absolute. The comparative standards, by
their vary nature, can be applied only through
a comparison of alternative plan proposals. Abso-
lute standards can be applied individually to each
alternative plan proposal since they are expressed
in terms of maximum, minimum, or desirable
values. The standards set forth herein should
serve not only as aids in the development, test,
and evaluation of watershed land use and water
control facility plans but also in the development,
test, and evaluation of local land use and commu-
nity facility plans and in the development of plan
implementation policies and programs as well.

The foregoing watershed development objectives
and their supporting principles and standards nec-
essarily reflect certain value judgments made by
the public officials, technicians, and citizen lead-
ers who comprised the SEWRPC Milwaukee River
Watershed Committee and the SEWRPC Technical
Advisory Committee on Natural Resources and
Environmental Design. In addition, certain engi-
neering design criteria were utilized in the prepa-
ration of the watershed plans; and, while these
are widely accepted and firmly based in current
engineering practice, it was, nevertheless, felt
important to document these herein. It should be
noted that, while these criteria were used in the
preparation of the watershed plans, they do not
comprise standards as defined herein, in that they
relate to the methods used in inventory, analysis,
and plan synthesis, test, and evaluation rather
than to specific development objectives.

ENGINEERING DESIGN CRITERIA FOR
THE MILWAUKEE RIVER WATERSHED

Rainfall-Frequency Relationships

If local storm water drainage and main river flood
control measures are to be compatible and func-
tion in a coordinated manner, plans for both must
be based onconsistent engineering design criteria.
A fundamental criterion for both local and water-
shed drainage planning is the rainfall intensity-
duration-frequency relationship representative of
the watershed area. Intensity-duration-frequency
curves based on a64-year record at the Milwaukee
Weather Service Station are shown in Appendix C.
The curves in Figures C-1 and C-2 are directly




Table |

WATER CONTROL FACILITY DEVELOPMENT OBJECTIVES,
PRINCIPLES, AND STANDARDS FOR THE
MILWAUKEE RIVER WATERSHED

OBJECTIVE NO. |

An integrated system of drainage and flood control facilities which will effectively reduce flood damage under the
existing land use pattern of the watershed and promote the implementation of the watershed land use plan, meeting
the anticipated runoff loadings generated by the existing and proposed land uses.

PRINCIPLE

Reliable local municipal storm water drainage facilities cannot be properly planned, designed, or constructed
except as integral parts of an areawide system of floodwater conveyance and storage facilities centered on major
drainageways and perennial waterways designed so that the hydraulic capacity of each waterway opening and channel
reach abets the common aim of providing for the storage, as well as the movement, of floodwaters. Not only does
the land use pattern of the tributary drainage area affect the required hydraulic capacity, but the effectiveness
of the floodwater conveyance and storage facilities affects the uses to which land within the tributary watershed,
and particularly within the riverine areas of the watershed, may properly be put.

STANDARDS

I. A1l new and replacement bridges and culverts over perennial waterways shall be designed so as to accommodate,
according to the categories listed below, the designated flood events without overtopping of the related roadway
or railroad track and resultant disruption of traffic by floodwaters.

a. Minor and collector streets used or intended to be used primarily for access to abutting properties: a [0-
year recurrence interval flood discharge.

b. Arterial streets and highways, other than freeways and expressways, used or intended to be used primarily
to carry heavy volumes of fast, through traffic: a b0-year recurrence interval flood discharge.

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

2. Al new and replacement bridges and culverts over perennial waterways, including pedestrian and other minor
bridges, in addition to meeting the applicable above-specified requirements, shall be designed so as to accom-
modate the 100-year recurrence interval flood event without raising the peak stage, either upstream or downstream,
more than 0.5 foot above the peak stage for the |00-year recurrence interval flood, as established in the adopted
comprehensive watershed plan. Larger permissible flood stage increases may be acceptable for reaches having
topographic or land use conditions which could accommodate the increased stage without creating additional flood
damage potential upstream or downstream of the proposed structure.

3. The waterway opening of all new and replacement bridges shall be designed so as to readily facilitate the pas-
sage of ice floes and other floating debris and thereby avoid blockages often associated with bridge failure and
with unpredictable backwater effects and flood damages. In this respect it should be recognized that clear spans
and rectangular openings are more efficient than interrupted spans and curvilinear openings in allowing the pas-
sage of ice floes and other floating debris.

4. Certain new or replacement bridges and culverts over perennial waterways, including pedestrian and other minor
bridges, so located with respect to the stream system that the accumulation of floating ice or other debris may
cause significant backwater effects with attendant danger to life, public health, or safety or attendant serious
damage to homes, industrial and commercial buildings, and important public utilities, shall be designed so as to
pass the [00-year recurrence interval flood with at ieast 2.0 feet of freeboard between the peak stage and the low
concrete or steel in the bridge span.

5. Standards |, 3, and 4 shall also be used as the criteria for assessment of the adequacy of the hydraulic
capacity and structural safety of existing bridges or culverts over perennial waterways and thereby serve, within
the context of the adopted comprehensive watershed plan, as the basis for crossing modification or replacement
recommendations designed to alleviate flooding and other problems.



6. Channel improvements, levees, and floodwalls should be restricted to the minimum number and extent absolutely
necessary for the protection of existing and proposed land use development, which development is consistent with

the land use element of the comprehensive watershed plan; and any such improvements which may significantly
increase upstream or downstream peak flood discharges should be used only in conjunction with complementary
facilities for the storage and movement of the incremental floodwaters through downstream reaches. The height
of levees and floodwalls shall be based on the high water surface profiles for the 100-year recurrence interval

flood prepared under the comprehensive watershed study and shall be capable of passing the 100-year recurrence
interval flood with a freeboard of at least two feet. Channel improvements, levees, or floodwalls shall not
increase the height of the 100-year recurrence interval flood by more than one-half foot in any unprotected
upstream or downstream stream reaches. |Increases in flood stages in excess of one-half foot resulting from any

channel, levee, or floodwall improvement shall be contained within the upstream or downstream extent of the
channel, levee, or floodwall improvement, except where topographic or land use conditions could accommodate the
increased stage without creating additional flood damage potential.

The construction of channel improvements, levees, or floodwalls shall be deemed to change the limits and extent
of the associated floodways and floodplains. However, no such change in the extent of the associated floodways
and floodplains shall become effective for the purposes of land use regulation until such time as the channel
improvements, levees, or floodwalls are actually constructed and operative. Any development in a former floodway
or floodplain lccated to the landward side of any levee or floodwall shall be provided with adequate drainage so
as to avoid ponding and associated damages.

7. A1l water control facilities, other than bridges and culverts, such as dams and diversion channels, so located
on the stream system that failure would damage only agricultural lands and isolated farm buildings, shall be
designed to accommodate at least the hydraulic loadings resulting from a 100-year recurrence interval flood.
Water control facilities so located on the stream system that failure could jeopardize public health and safety,
cause loss of life, or seriously damage homes, industrial and commercial buildings, and important public utilities
or would result in closure of principal transportation routes shall be designed to accommodate a flood that
approximates the standard project flood or the more severe probable maximum flood, depending on the ultimate
probable consequences of failure.?

8. Reduced regulatory flood protection elevations and accompanying reduced floodway or floodplain areas resul ting
from any proposed dams or diversion channels shall not become effective for the purposes of land use regulation
until the reservoirs or channels are actually constructed and operative.

9. All public Tand acquisitions intended to eliminate the need for water control facilities shall, in all areas

not already in intensive urban use, encompass at least all of the riverine areas lying within the 100-year recur-
rence interval flood inundation line.

OBJECTIVE NO. 2
An integrated system of land management and water quality control facilities and pollution abatement devices
adequate to ensure a quality of stream waler permitting the following beneficial water uses in each of the follow-

ing reaches of the stream system:

The Milwaukee River from its headwaters to the North Avenue Dam shall have a level of water quality suitable for
the following water uses:

a. Minimum Standards
b. Fish and Other Aquatic Life
Cc. Recreational Use-Full-Body Contact
d. Industrial and Cooling Water Use
The Milwaukee River from the North Avenue Dam to the Milwaukee Harbor in the City of Milwaukee:
a. Minimum Standards
b. Industrial and Cooling Water Use

c. Recreational Use-Partial-Body Contact Only



The following major tributaries of the Milwaukee River shall have a level of water quality suitable for the
following water uses:

Cedar Creek except in Cedarburg Silver Creek (Sherman Township)
North Branch Milwaukee River Adell Tributary

East Branch Milwaukee River Silver Creek (West Bend Township)
West Branch Milwaukee River Pigeon Creek

a. Minimum Standards
b. Recreational Use-Full-Body Contact

c. Fish and Other Aquatic Life

The remaining three streams tributary of the Milwaukee River shall have a level of water quality suitable for the
following water uses:

1. Cedar Creek in Cedarburg

a. Minimum Standards
b. Fish and Other Aquatic Life

c. Recreational Use-Full-Body Contact

Q

. Industrial and Cooling Water Use
2. Lincoln Creek

a. Minimum Standards

b. Recreational Use-Partial-Body Contact Only
3. Indian Creek

a. Minimum Standards

PRINCIPLE

Surface water is one of the most valuable resources of southeastern Wisconsin; and, even under the effects of
increasing population and economic activity levels, the potential of natural stream waters to serve a reasonable
variety of beneficial uses, in addition to the single-purpose function of waste transport and assimilation, should
be protected and preserved.

STANDARDS

|. Water quality levels in a stream reach shall be adequate to meet the State of Wisconsin water quality stand-
ardsc for all water uses designated for that reach.

2. Regardless of the water uses designated for a stream reach, all reaches of all streams shall meet at least the
minimum stream water quality standards set forth in the State of Wisconsin water quality standards.

3. All development except isolated residential buildings, small commercial establishments, or small industrial
concerns shall be served by public sanitary sewerage facilities conveying liquid wastes to a sewage treatment
plant that provides a degree of treatment adequate to meet the stated water use objectives for the stream reach
involved.

0BJECTIVE NO. 3
An integrated system of land management and water quality control facilities and pollution abatement devices

adequate to ensure a quality of lake water permitting the following beneficial watcr uses in each of the following
lakes and impoundments:
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For West Bend Dam Pond and Woolen Mills Dam Pond:

a. Minimum Standards

b. Industrial and Cooling Water Use

c. Recreational Use-Full-Body Contact

d. Fish and Other Aquatic Life

e. Wildlife Watering
For all remaining 19 lakes having a surface area of 50 acres or more:

a. Minimum Standards

b. Recreational Use-Full-Body Contact

c. Fish and Other Aquatic Life

d. Wildlife Watering

PRINCIPLE

Lakes are an invaluable and irreplaceable surface water resource of southeastern Wisconsin. The recreational
opportunities and aesthetic value that the lakes offer the population of the Region far outweigh the value to the
Region of any other potential use of the lakes and should be protected and preserved.

LAKES NOT LOCATED ON PERENNIAL TRIBUTARY STREAMS

Principle
The intermittent nature of flows in nonperennial streams does not assure that reasonable water surface levels can

be maintained in takes to support fish life and recreation nor are good aesthetic characteristics assured if fixed
regular withdrawals are imposed in addition to natural water losses.

STANDARDS
I. Any lake water use other than recreation, fishing, and aesthetic enjoyment shall be considered an accessory
use which is permissible only if it is compatible with recreation, fishing, and aesthetic enjoyment uses and is

necessary or desirable from the standpoint of meeting watershed development objectives.

2. Lake water uses which shall not be permitted under any circumstances include industrial and cooling water use,
direct livestock watering, irrigation, and waste assimilation.

3. Water quality levels in a lake shall be adequate to meet the State of Wisconsin equivalent stream water quality
standards for all equivalent designated water uses.

4. Algae and aquatic weeds shall not be present in numbers sufficient to create an aesthetic nuisance or to inter-
fere with recreational use.

LAKES LOCATED ON PERENNIAL TRIBUTARY STREAMS

Principle

Natural and man-made lakes through which perennial streams flow may be subjected to regular fixed withdrawals of
water for regulated uses other than recreation, fish life, and aesthetics.

STANDARDS
I. Any lake water use other than recreation, fishing, and aesthetic enjoyment is permissible only if it is neces-

sary from the standpoint of meeting watershed development objectives and is compatible with recreation, fishing,
and aesthetic enjoyment uses.
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2. Lake water uses which shall not be permitted under any circumstances include direct livestock watering and
waste assimilation.

3. Lake water uses may be permitted for agricultural irrigation, lawn sprinkling, and industrial and cooling water
if average monthly withdrawals do not exceed inflow equal to the one in ten-year monthly low flow and if compen-
sating storage is available in the impoundment.

4. Lake water may be released for augmentation of low stream flow if the lake is not drawn below the predetermined
conservation level based on recreational, fish life, and aesthetic requirements in the lake.

5. Water quality levels in a lake shall be adequate to meet the State of Wisconsin equivalent stream water quality
standards for all equivalent designated water uses.

6. Algae and aquatic weeds shall not be present in numbers sufficient to create an aesthetic nuisance or to inter-
fere with recreational use.

OBJECTIVE NO. 4

The attainment of sound ground water resource development and protective practices to minimize the possibility for
pollution and depletion of the ground water resources.

PRINCIPLE

Sound practices in the location, installation, and operation of water supply wells and waste treatment and dis-
posal facilities can reasonably assure a continuing supply of good qual ity ground water at reasonable cost.

STANDARDS

|. Ground water withdrawals should be made so as to prevent undue interference with adjacent withdrawal points
and the capacities and withdrawal rates should be related to potential yield and total demand on the aquifers
penetrated.

2. Wells should be constructed so as not to permit contamination of the aquifer through the well during construc-
tion or during subsequent operation.

3. Waste conveyance, treatment, and disposal facilities, located above or below ground surface, both public and
private, should be designed, constructed, and operated in a manner to prevent migration or infiltration of con-
taminants into sources of usable ground water. These facilities include pipes, tunnels, septic tanks, leaching
areas, sanitary landfills, and injection wells.

aTpese flood events, which have been formulated and used by the U. S. Army Corps of Engineers, are defined and
discussed in Chapter VII, SEWRPC Planning Guide No. 5, Floodland and Shoreland Development Guide, November 1968.

bFor a complete listing of water uses and accompanying standards, see Chapter IX, Volume |, of this report or the
Wisconsin Administrative Code.

CSee Chapter IX, Volume |, of this report
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Table 2

LAND USE DEVELOPMENT OBJECTIVES, PRINCIPLES, AND STANDARDS
FOR THE MILWAUKEE RIVER WATERSHED

OBJECTIVE NO.

A balanced allocation of space to the various land use categories which meets the social, physical, and economic
needs of the regional and watershed populations, as well as the needs of the short-term visitors to the watershed.

PRINCIPLE

The planned supply of land set aside for any given use should approximate the known and anticipated demand for
that use.

STANDARDS

I. For each additional [,000 persons to be accommodated within the watershed at each density, the following mini-
mum amounts of land should be set aside:

Residential Land Net Area? Gross Area?

Low Density 250 acres/|,000 persons 312 acres/ 1,000 persons
Medium Density 70 acres/ 1,000 persons 98 acres/|,000 persons
High Density 25 acres/|,000 persons 38 acres/1,000 persons
Governmental and Institutional Land Gross Area®

Regionald 3 acres/1,000 persons
Local® 6 acres/1,000 persons
Park and Recreational Land' Gross Area9

Regior)alh 4 acres/|,000 persons
Local' 10 acres/1,000 persons

2. For the daily use of short-term visitors to the watershed, the following amounts of land should be acquired
and developed for each anticipated 100 participants) in each of the five major outdoor recreational activities
which require intensive land development within the watershed:

Principal Backup Land

Development or Secondary
Major Activity Total Acres Acres Development Acres
SwimmingK 0.u5 0.09 0.36
Picnicking! 12.50 1.25 11.25
Golfing™ 32.79 32.79 --
Camping” 133.33 6.67 126.66
Skiing® 3.70 3.33 0.37

3. For each additional 100 commercial and industrial employees to be accommodated within the watershed, the fol-
lowing minimum amounts of land should be set aside:

Gross AreaP

Commercial Land9 5 acres/100 employees
Industrial Land" 7 acres/ 100 employees

OBJECTIVE NO. 2

A spatial distribution of the various land uses which will result in the protection, wise use, and development
of the natural resources.
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PRINCIPLE

The proper allocation of uses to land can assist in maintaining an ecological balance between the activities of
man and the natural environment which supports him.

A. Soils
Principle

The proper relation of urban and rural land use development to soils can serve to avoid many environmental prob-
lems, aid in the establishment of better regional settlement patterns, and promote the wise use of an irreplace-
able resource.

STANDARDS

|. Urban development, particularly for residential use, shall be located only in those areas which do not contain
significant concentrations of soils rated in the regional detailed operational soil survey as poor, questionable,
or very poor for such development.® Significant concentrations are defined as follows:

a. In areast to be developed for low-density residential use, no more than 2.5 percent of the gross area should
consist of soils rated in the regional detailed operational soil survey as poor, questionable, or very poor
for such development.

b. In areas to be developed for medium-density residential use, no more than 3.5 percent of the gross area
should consist of soils rated in the regional detailed operational soil survey as poor, questionable, or very
poor for such development.

c. In areas to be developed for high-density residential use, no more than 5.0 percent of the gross area should
consist of soils rated in the regional detailed operational soil survey as poor, questionable, or very poor
for such development.

2. Rural development, principally agricultural land uses, shall be allocated primarily to those areas covered by
soils rated in the regional detailed operational soil survey as very good, good, or fair for such uses.

3. Land developed or proposed to be developed for urban use without public sanitary sewer service should be
located only on areas covered by soils rated in the regional detailed operational soil survey as very good, good,
or fair for such development.

B. Inland Lakes and Streams
Principle

Inland lakes and streams provide a suitable environment for desirable and sometimes unique plant and animal 1ife;
provide the population with opportunities for certain scientific, cultural, and educational pursuits; constitute
prime recreational areas; provide a desirable aesthetic setting for certain types of land use development; serve
to store and convey floodwaters; contribute to the atmospheric water supply through evaporation; and provide for
certain water withdrawal requirements.

STANDARDS

I. Aminimum of 25 percent of the perimeter or shoreline frontage of lakes having a surface area in excess of
50 acres and of both banks of all perennial streams should be maintained in a natural state.

2. A minimum of 10 percent of the shoreline of each inland lake having a surface area in excess of 50 acres should
be maintained for public uses, such as a beach area, pleasure craft marina, or park.

3. Urban development, except for park and outdoor recreational use, should not be allocated to more than 50 per-
cent of the length of the shoreline of inland 1akes having a surface area in excess of 50 acres and of all peren-
nial streams.

4. In addition, it is desirable that 25 percent of the shoreline of each inland lake having a surface area less
than 50 acres be maintained in either a natural state or some low-intensity public use, such as park land
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5. Floodplain lands! should not be allocated to any urban developmentY which would cause or be subject to flood
damage.

6. Only those structures or fills which are in conformance with the comprehensive watershed plan should be allowed
to encroach upon and obstruct the flow of water in the perennial stream channels® and floodways. X

C. Wetlands

Principle

Wetlands support a wide variety of desirable and sometimes unique plant and animal life; assist in the stabiliza-
tion of lake levels and streamflows; trap and store plant nutrients in runoff, thus reducing enrichment of surface
waters and obnoxious weed and algae growth; contribute to the atmospheric oxygen supply; contribute to the atmos-
pheric water supply; reduce storm water runoff by providing area for floodwater impoundment and storage; reduce
stream sedimentation; and provide the population with opportunities for certain scientific, educational, and rec-
reational pursuits.

STANDARD

All wetland area’ adjacent to streams or lakes, all within areas having special wildlife values, and all wetlands
having an area in excess of 50 acres should not be allocated to any urban development except limited recreation
and should not be drained or filled. Adjacent surrounding areas should be kept in open-space use, such as agri-
culture or limited recreation.

D. Woodlands?
Principle

Woodlands assist in maintaining unique natural relationships between plants and animals; reduce storm water
runoff; contribute to the atmospheric oxygen supply; contribute to the atmospheric water supply through trans-
piration; aid in reducing soil erosion and stream sedimentation; provide the resource base for the forest product
industries; provide the population with opportunities for certain scientific, educational, and recreational pur-
suits; and provide a desirable aesthetic setting for certain types of land use development.

STANDARDS
l. A minimum of IC percent of the land area of each watershed®® within the Region should be devoted to woodlands.

2. For demonstration and educational purposes, the woodland cover within each county should include a minimum of
40 acres devoted to each major forest type: oak-hickory, northern hardwood, pine species, and lowland forest.

3. A minimum regional aggregate of 5 acres of woodland per 1,000 population should be maintained for recreationa
pursuits.

E. WildlifebP
Principle

Wildlife, when provided with a suitable habitat, will provide the population with opportunities for certain scien-
tific, educational, and recreational pursuits; aid significantly in controlling harmful insects and other noxious
pests; provide a food source; and provide an economic resource for the fur and fishing industries.

STANDARD

The most suitable habitat for wildlife, that is, the area wherein fish and game can best be fed, sheltered, and
reproduced, is a natural habitat. Since the natural habitat for fish and game can best be obtained by preserving
or maintaining other resources in a wholesome state, such as soil, air, water, wetlands, and woodlands, the stand-
ards for each of these other resources, if met, would ensure the preservation of a suitable wildlife habitat and
population.

OBJECTIVE NO. 3

A spatial distribution of the various land uses which is properly related to the supporting transportation and
public utility systems to assure the economical provision of utility and municipal services.
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PRINCIPLE

The transportation and public utility facilities and the land use pattern which these facilities serve and support
are mutually interdependent in that the land use pattern determines the demand for, and loadings upon, transpor-
tation and utility facilities; and these facilities, in turn, are essential to, and form a basic framework for,
land use development.

STANDARDS

I. The transportation system should be located and designed to avoid the penetration of prime natural resource
areas by through traffic.

2. The transportation system should be located and designed to provide access not only to all land presently
devoted to urban development but also to all land well suited for urban development.

3. Land developed or proposed to be developed for medium- and high-density residential use should be located in
a gravity drainage area tributary to an existing or proposed public sanitary sewerage system.

4. Land developed or proposed to be developed for medium- and high-density residential use should be located in
areas serviceable by an existing or proposed public water supply system.

5. Urban development should be located so as to maximize the use of existing transportation and utility systems.
OBJECTIVE NO. 4

The preservation and provision of open space®® to enhance the total quality of the regional environment, maximize
essential natural resource availability, give form and structure to urban development, and provide the basis for
the ultimate attainment of a balanced year-round outdoor recreational program providing a full range of facilities
for all age groups.

PRINCIPLE

Open space is the fundamental element required for the preservation, wise use, and development of such natural
resources as soil, water, woodlands, wetlands, and wildlife; it provides the opportunity to add to the physical,
intellectual, and spiritual growth of the population; it enhances the economic and aesthetic value of certain
types of development; and it is essential to outdoor recreational pursuits.

STANDARDSY?

|. Local park and recreation open spaces should be provided within a maximum service radius of one-half mile of
every dwelling unit in an urban area, and each site should be of sufficient size to accommodate the maximum tribu-
tary service area population at a use intensity of 675 persons per acre.

2. Regional park and recreation open spaces should be provided within an approximately one hour travel time of
every dwelling unit of the Region and should have a minimum site area of 250 acres.

3. Areas having unique scientific, cultural, scenic, or educational value should not be allocated to any urban
or agricultural land uses; and adjacent surrounding areas should be retained in open-space use, such as agricul-
ture or limited recreation.

OBJECTIVE NO. 5
The preservation of land areas for agricultural uses in order to provide for certain special types of agricul ture,

provide a reserve for future needs, and ensure the preservation of those unique rural areas which provide wildlife
habitat and which are essential to shape and order urban development.

PRINCIPLE
Agricul tural areas, in addition to providing food and fiber, contribute significantly to maintaining the ecologi-
cal balance between plants and animals; provide locations proximal to urban centers for the production of certain

food commodities which may require nearby population concentrations for an efficient production-distribution rela-
tionship; and provide open spaces which give form and structure to urban development.
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STANDARDS
I. Al prime agricultural areas®® should be preserved.

2. A1l agricultural lands surrounding adjacent high-value scientific, educational, or recreational resources and
covered by soils rated in the regional detailed operational soil survey as very good, good, or fair for agricul-
tural use should be preserved.

In addition to the above, attempts should be made to preserve agricultural areas which are covered by soils rated
in the regional detailed operational soil survey as fair if these soils: a) occur in concentrations greater than
five square miles and surround or lie adjacent to areas which qualify under either of the above standards, or
b) occur in areas which may be designated as desirable open spaces for shaping urban development.

OBJECTIVE NO. 6

The attainment of good soil and water conservation practices in order to reduce storm water runoff, soil erosion,
and stream and lake sedimentation, pollution, and eutrophication.

PRINCIPLE

Good soil and water conservation practices, including mulch tillage, terracing, grass in waterways, contour strip
cropping, and suitable crop rotation in rural areas; seeding; sodding; erosion control structures for drainage-
ways; erosion control structures at storm sewer outlets; and proper land development and construction methods and
practices, particularly in urban areas, including maximum possible delay in stripping of vegetation, construction
of sediment basins, and mulching and revegetating as soon as possible, can assist in reducing storm water runoff,
soil erosion, and stream and lake siltation, pollution, and eutrophication.

STANDARDS

I. The area of the watershed in cultivated agricultural use, which has general land slopes greater than 2 percent
should be under district cooperative soil and water conservation agreements and planned conservation treatment.

2. Drainageways should be controlled to eliminate channel erosion both through stabilization of bank and bed mate-
rials and by reduction of the channel gradient.

3. A1l urban and structural plans and developments, where soil and vegetative cover is removed, should include
soil and water conservation practices to control erosion on critical areas.

Y. Runoff through and from areas with exposed soil should be trapped and stored or retarded to less than critical
erosive velocities.

3Net land use area is defined as the actual site area devoted to a given use and consists of the ground floor
site area occupied by any buildings plus the required yards and open spaces.

bGross residential land use area is defined as the net area devoted to this use plus the area devoted to all sup-
porting land uses, including streets, neighborhood parks and playgrounds, elementary schools, and neighborhood
institutional and commercial uses, but not including freeways and expressways.

CGross governmental and institutional area is defined as the new area devoted to this use plus the area devoted
to supporting land uses, including streets and off-street parking.

9includes federal, state, and county governmental uses; hospitals; cemeteries; colleges and universities; and
large region-serving, semipublic institutional uses, such as central YMCA facilities. Presently approximates
3 acres per 1,000 persons.

®Includes schools and churches. Approximately one-half of this standard is met implicitly if the gross acreage
standard for residential use is met. Presently approximates 6 acres per |,000 persons.

fThis category does not include regional or local open spaces other than those actively used for public park or

outdoor recreational purposes; that is, such uses as boulevards, parkways, stadia, environmental corridors,
arboreta, zoological gardens, and botanical gardens are not included unless they are a part of, or adjacent to,
an active recreational area.

9Gross park and recreation area is defined as equal to net area.
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hPresently (1967) includes 23 existing parks developed and undeveloped within the Region classified as being of
regional significance, which combined contain 6,74 acres, or 3.7 acres per 1,000 persons. These are: seven of
the Milwaukee County Park Commission Metropolitan parks--Brown Deer Park, Grant Park, Greenfield Park, Lake-
Juneau Park, Lincoln Park, Oakwood Park, and Whitnall Park; Hawthorne Hills Park in Ozaukee County; the Brighton
Dale Park, Fox River Park, and Petrifying Springs Park in Kenosha County; Cliffside Park and Johnson Park in
Racine County; Big Foot Park and Whitewater Lake Recreation Area in Walworth County; Pike Lake Recreation Area
and Ridge Run Park in Washington County; and Menomonee Park, Minooka Park, Mukwonago Park, Nagawaukee Park, and
Ottawa Lake Recreation Area in Waukesha County.

"Presently (1967) includes 379 neighborhood and community parks, which combined contain 5,698 acres, or 3.4 acres
per 1,000 persons. A portion of this standard is met implicitly if the gross acreage standard for residential
use is met. This implicit portion totals: 1.3 acres per |,000 persons in a one-half mile square high-density
neighborhood; 2.5 acres per |,000 persons in a one-mile square medium-density neighborhood; and 4.5 acres per
1,000 persons in a two-mile square low-density neighborhood.

jA participant is defined as a person |2 years of age or older who actively participates in a particular recrea-
tional activity on a given day.

kSwimming--One acre of developed beach area can accommodate approximately 370 people at any one time. With
a daily turnover rate of 3.0, the maximum capacity of one acre of developed beach is 1,110 people per acre per
day. In addition, for every one acre of developed beach area, four (4) acres of back-up lands are required
to provide necessary parking area (approximately one and one-half acres), concession services, and dressing
room area (approximately one acre) and other activity area, such as picnic area (approximately one and one-hal f
acres).

IPicnicking--One acre of developed picnic area with a maximum of |6 tables can accommodate approximately 50 peo-
ple at any one time. With a daily turnover rate of |.6, the maximum capacity of one acre of developed picnic
area is 80 people per acre per day. In addition, for every one acre of developed picnic area, nine (9) acres of
back-up land are required to provide necessary parking area and additional secondary facilities.

MGolfing--A minimum of 10 acres of land per hole is required to develop a regulation 9- or I8-hole golf course,
including area for clubhouse and parking, and will accommodate approximately one golfer per acre at any one
time. With a daily turnover rate of 3.0, the maximum capacity of each golf course is 3.0 golfers per acre per
day, or 30 golfers per hole per day.

NCamping--One acre of developed camp area with a maximum of five camp units can accommodate approximately I5 peo-
ple per day. There is no daily turnover rate for camping. In addition, for every one acre of developed camp
area, nineteen (19) acres of back-up Tand are required to provide necessary supporting activities or facilities,
such as central convenience facilities, hiking and nature trails, picnic areas, boat and canoe launching sites,
and horseback trails.

°Skiing--0ne acre of developed ski slope can accommodate approximately 10 people at any one time. With a daily
turnover rate of 3.0, the maximum capacity of one acre of developed ski slope is 30 people per acre per day.
In addition, for every 10 acres of developed ski slope, one acre of back-up land is required to provide parking
and concession facilities. The recommended minimum site area is |00 acres.

PGross commercial and industrial area is defined as the net area devoted to this use plus the area devoted to
supporting land uses, including streets and off-street parking.

9 ncludes all regional, local, and highway-oriented commercial activities plus adjacent streets and on-site
parking. Presently approximates 3.4 acres per 100 employees.

"Includes all manufacturing and wholesaling activities plus adjacent streets and on-site parking. Presently
approximates 4.l acres per 100 employees.

SSee SEWRPC Planning Report No. 8, Soils of Southeastern Wisconsin, June |966.

tAreas, as used in this context, refer to any land unit, 160 acres or more in areal extent, which is subject to
development.

UFloodpl ain lands are herein defined as those lands inundated by a flood having a recurrence interval of (00

years where hydrologic and hydraulic engineering data are available and, where such data are not available, as
those lands inundated by the maximum flood of record as indicated by high water marks.
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VUrban development, as used herein, refers to all land uses except agriculture, water, woodlands, wetlands, and
open lands.

"A stream channel is herein defined as that area of the floodplain lying either within legally established bulk-
head lines or within sharp and pronounced banks marked by an identifiable change in flora and normally occupied
by the stream under average annual high-flow conditions.

XFloodway lands are herein defined as those floodlands, including the channel, required to carry and discharge
the 100-year recurrence interval flood. If development and fill are to be prohibited in the floodplain, the
floodway may be delineated as that area subject to inundation by the |0-year recurrence interval flood.

YWetland areas are defined as those lands which are partially covered by marshland flora and generally covered
with shallow standing water, open lands intermittently covered with water, or lands which are wet and spongy due
to a high water table or character of the soil.

ZThe term woodlands, as used herein, is defined as a dense, concentrated stand of trees and underbrush covering
a minimum area of 20 acres.

3) watershed, as used herein, is defined as a portion of the surface of the earth occupied by a surface drainage
system discharging all surface water runoff to a common outlet and which is 25 square miles or larger in areal
extent.

bb|ncludes all fish and game.

CCopen space is defined as land or water areas which are generally undeveloped for residential, commercial, or
industrial uses and are or can be considered relatively permanent in character; it includes areas devoted to
park and recreation uses and to large land-consuming institutional uses, as well as areas devoted to agricul-
tural use and to resource conservation, whether publicly or privately owned.

4d 1t vas thought impractical to establish spatial distribution standards for open space, per se; therefore, only
the park and recreation component of the open-space land use category is listed in the standards, according to
its local or regional orientation. These local park and recreation spaces may include playlots, playgrounds,
playfields, and neighborhood parks. Regional park and recreation spaces include large county or state parks.
Other open spaces which are not included in this spatial distribution standard are: forest preserves and arbo-
reta; major river valleys; lakes; zoological and botanical gardens; stadia; woodland, wetland, and wildlife
areas; scientific areas; and agricultural lands whose location must be related to, and determined by, the
natural resource base.

€€prime agricultural areas are defined as those areas which a) contain soils rated in the regional detailed
operational soil survey as very good or good for agriculture and b) occur in concentrated areas over five
square miles in extent which have been designated as exceptionally good for agriculture production by agricul-
tural specialists.

applicable to urban storm water drainage system
design using the rational formula, while the
curves in Figure C-3, which relate total rainfall to
duration and frequency, are more convenient for
use in basin-wide hydrologic simulation. These
curves are applicable to the Southeastern Wiscon-
sin Region and to the Milwaukee River watershed.
The variation of rainfall depth with area of con-
sideration and the seasonal variation of rainfall
probability are described in Figure C-4 and C-5,
respectively.

"For a full discussion of the application of the rational
formula to urban storm water drainage design, see “Deter-
mination of Runoff for Urban Storm Water Drainage System
Design, ” by K. W. Bauer, SEWRPC Technical Record, Vol. 2,
No. 4, April-May 1965. The rainfall intensity-duration-
frequency curves set. forth in Figures C-1 and C-2, Appen-
dix C, of this report arc intcnded to update and replace
the curves set forth in Figure 2 of the cited Technical
Record article.
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Storm Sewer Design Criteria

Revised rainfall criteria and newly available soil
survey data make possible a more detailed con-
sideration of rainfall-runoff relationships in the
design of storm sewers for urban areas in the
Southeastern Wisconsin Region and in the water-
shed. Recommended values for the coefficient
of runoff, C, which are based on land use, land
slope, and soil type, are presented in Appendix C,
Figure C-6 and Table C-1.2 Soils which occur in the
watershed and the Southeastern Wisconsin Region
are categorized in hydrologic groups according
to their infiltration capability in Appendix C of
SEWRPC Planning Guide No. 6, Soils Develop-
ment Guide,

2 Ibid.



Rainfall-Runoff Relationships

The rainfall-runoff criteria adopted for storm
sewer design are not adequate for hydrologic
simulation of basin-wide floods. For this purpose,
U. S. Soil Conservation Service rainfall-runoff
relationships were adopted. These relationships,
and adjustments made to them for the specific
conditions existing in the Milwaukee River water-
shed, are described in Chapter XII, Volume 1, of
this report.

Water Surface Elevation-Discharge Relationships
Water surface elevation-discharge relationships
for dams were computed with standard weir for-
mulas after obtaining data describing the struc-
tural and hydraulic characteristics of each dam.
Stage-discharge relationships at all other points
of interest in the stream system were deter-
mined using a computer program, identified in
Chapter XII, Volume 1, of this report as the
backwater submodel, which applies the "standard
step method" of backwater calculation for river
reaches and a U. S. Army Corps of Engineers
computational procedure for backwater analysis
through bridges and culverts.

Starting with known hydraulic conditions at the
downstream end of a river reach, the 'standard-
step" method determines the hydraulic conditions
at the upstream end of the reach by an iterative
procedure, the object of which is to satisfy the
conservation of energy law. During this iterative
process, the energy loss attributed to friction in
the reach is computed with the empirical Man-
ning open-channel flow equation. The principal
aspects of the ''standard step method," including
the use of the Manning equation, are presented
in Chapter XII, Volume 1, of this report, while
the method is treated in detail in hydraulics texts,
such as Open Channel Flow by Ven Te Chow,
McGraw-Hill Book Co., New York, New York,
1959. The U. S. Army Corps of Engineers back-
water computational procedure for bridges and
culverts incorporates various combinations of
open-channel flow, orifice flow, and weir flow,
depending on the structural and hydraulic condi-
tions of each particular bridge or culvert. For
example, orifice flow may occur through the open-
ing of a submerged bridge, while weir flow exists
over the top of the structure. This computational
procedure is described briefly and referenced in
Chapter XII, Volume 1, of this report.

Flood Routing
The convex or coefficient method of routing,
employing an empirical velocity-routing coef-

ficient relation developed by the Soil Conservation
Service, was selected for flood-routing computa-
tions in the nonimpounded portions of the stream
system, while flood routing through the impounded
reaches of the river system was accomplished
by application of the storage-indication method,
a reservoir routing technique. These two flood-
routing procedures were applied as an integral
part of a computer program referred to in Chap-
ter XII, Volume 1, of this report as the flood-
routing submodel and are explained in detail in
that chapter.

Flood Frequency

Flood frequency relationships were developed, as
described in Chapter VI, Volume 1, of this report
for two locations in the watershed, using the log
Pearson Type III method of analysis for peak dis-
charge frequencies and for runoff volume frequen-
cies. At the Estabrook Park gaging station, on the
Milwaukee River, and the Cedarburg gaging station
on Cedar Creek, records of discharge have been
kept since 1914 and 1930, respectively. These
actual measured discharges were analyzed statis-
tically to establish flood frequency relationships
for both peaks and volumes of flows at these
locations. The discharge-frequency relationship
developed for the Estabrook Park gaging station
was determined to be applicable to that reach
of the Milwaukee River extending from a point
approximately midway between the North Avenue
Dam and Estabrook Park Dam upstream to a point
about midway between the Estabrook Park Dam
and Brown Deer Road. Similarly, the discharge-
frequency relationship developed for the Cedar-
burg gaging station is applicable to that reach
of Cedar Creek extending from approximately
midway between Hamilton Road and the gaging
station upstream to a point approximately 2 miles
above STH 60.

In the remainder of the watershed, discharge-
frequency relationships were established synthe-
tically utilizing the flood-flow simulation model.
For this purpose the model was operated so as to
reproduce the discharge-frequency and volume-
frequency relationships previously developed for
the two gaging stations. The resulting peak flood
stages were further verified by comparison to
historic high water marks available for various
locations along the lower reaches of the Milwaukee
River system. This method was judged to be the
best procedure for use in the Milwaukee River
watershed study, considering the limited number
of stream gaging stations in the watershed and the
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relatively short period of record at these stations.
As streamflow data collection continues within the
watershed, flood frequency relationships should
be reviewed and revised, if necessary.

On the basis of the analyses made, it was con-
cluded that the peak flood flows recorded within
the watershed during March 1918 and August 1924
at the Estabrook Park gage of 15,100 cfs were
both equivalent to a 77-year recurrence interval
flood flow. At Cedarburg a maximum recorded
flood peak of 3,600 cfs occurred during March
1960 and was equivalent to a 14-year recurrence
interval flood flow,

The maximum flood volume of 3.85 inches of
runoff over the watershed recorded during the
August 1924 flocd at the Estabrook Park gage was
equivalent to a 100-year recurrence interval flood
volume. At Cedarburg the maximum recorded
flood volume occurred during March and April
1959 and was equivalent to a 20-year recurrence
interval flood volume.

A flood event with both a 100-year recurrence
interval peak discharge and runoff volume was
selected as the plan design flood and was used to
delineate the outer limits of the floodplains of the
watershed. Analysis indicates that urbanization
within the watershed will not appreciably change
the peak discharge of this design flood.

OVERRIDING CONSIDERATIONS

In the application of the watershed development
objectives, principles, and standards in the pre-
paration, test, and evaluation of the watershed
plans, several overriding considerations must be
recognized. First, it must be recognized that any
proposed water control and water quality manage-
ment facilities must constitute integral parts of
a total system. It is not possible from an applica-
tion of the standards alone, however, to assure
such a system integration, since the standards
cannot be used to determine the effect of individual
facilities and controls on each other or on the
system as a whole. This requires the application
of hydrologic, hydraulic, and water quality simu-
lation models to quantitatively test the proposed
facilities as part of a system, thereby permitting
adjustment of the spatial distribution and capaci-
ties of the facilities and system to the existing and
future runoff and waste loadings as derived from
the land use plan. Second, it must be recognized
that it is unlikely that any one plan proposal will
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meet all the standards completely; and the extent
to which each standard is met, exceeded, or vio-
lated must serve as a measure of the ability of
each alternative plan proposal to achieve the spe-
cific objectives which the given standard comple-
ments. Third, it must be recognized that certain
objectives and standards may be in conflict and
require resolution through compromise. Finally,
it must be recognized that an overall evaluation of
each combination of land use and water control
facility plans must be made on the basis of cost.
This concept is so important that it warrants spe-
cial attention herein,

Economic Criteria

The concepts of economic analysis and economic
selection are vital to the public planning process.
Sound economic analysis of benefits and costs
should be an important guide to planners and
decision-makers in the selection of the most suit-
able plan from an array of alternatives. All deci-
sions concerning monetary expenditures, either
private or public, are implicitly based on an eval-
uation of benefits and costs. This is not to imply
that a formal economic analysis is made before
every expenditure. The process of decision itself,
however, consists of aconsiderationof whether the
benefit received would be worth the amount paid.
Benefits are not necessarily accountable in mone-
tary terms and may be purely intangible, but the
very act of expending money (or resources) for an
intangible benefit implies that the benefit is worth
to the purchaser at least the amount spent.

In addition to the consideration involved in decid-
ing that a potential benefit is worth its cost,
consideration is also given to possible alterna-
tive benefits that could be received for alterna-
tive expenditures within the limits of available
resources. Alternative benefits are compared,
either objectively or subjectively; and the one
which is considered to give the greatest value for
its cost is selected. Again, the benefits may be
purely intangible; but the decision-making process
itself implies an evaluation of which alternative is
considered to be worth the most. When considera-
tion is made of investment for future bencfits, one
alternative that should always be considered is the
benefit which could be received from investment
in the money market. This benefit is expressed in
the prevailing interest rate.

Personal and private decisions, while implying
at least subjective consideration of benefits and
costs, broadly defined, are not necessarily based



upon either formal or objective evaluation of
monetary benefits and costs. Public officials,
however, have a responsibility to evaluate objec-
tively and explicitly the monetary benefits and
costs of alternative investments to assure that the
public will receive the greatest possible benefits
from limited monetary resources.

It is then a fundamental principle that every public
expenditure should desirably return to the public
a value at least equal to the amount expended
plus the interest income foregone from the ever-
present alternative of private investment. This
principle may also be stated that the public should
receive a value return from its tax investment at
least equal to what it could receive from private
investment.

Therefore, economic analysis is a fundamental
requirement of responsible public planning; and
all plans should desirably promise a return to the
public at least equal to the expenditure plus inter-
est. It is emphasized that public expenditures
should not be expected to '"make money' but that
they should be expected to return a value in goods
and services which is worth to the public the
amount expended plus interest.

Benefit-Cost Analysis

The benefit-cost analysis method of evaluating
government investments in public works came into
general use after the adoption of the Federal
Flood Control Act of 1936. The Act stated that
waterways should be improved "if the benefits to
whomsoever they may accrue are in excess of the
estimated costs.," Monetary value of benefits has
since been defined as the amount of money which
an individual would pay for that benefit if he were
given the market choice of purchase. Monetary
costs are taken as the total value of resources
used in the construction of the project.

Benefits, including intangible values, must exceed
costs in order for a project to be justified, but
this criterion alone is not sufficient to justify the
investment. Although aproject may have abenefit-
cost ratio greater than 1.0, the ratio may be less
than the benefit-cost ratio of an alternative proj-
ect which would accomplish the same objectives.
Therefore, in order to assure that public funds
are invested most profitably, alternative plans or
projects should be investigated and analyzed; and,
in such analyses, incremental, as well as total,
benefit-cost ratios, may have to be considered.

Implementation of comprehensive plans for the
Milwaukee River watershed could include benefits
of flood control, recreation, efficient community
utilities and facilities, enhancement of property
values, and an aesthetically pleasing community
environment. Costs which could be incurred in
implementation of watershed plans include con-
struction, land acquisition, and income foregone
as a result of regulation of land use.

There may be situations in which a local com-
munity affected by an alternative plan proposal
subjectively evaluates the costs and benefits of
that proposal in a manner differing significantly
from an objective, economically sound analysis of
the costs and benefits. The community may, for
example, because of its subjective interpretation
of benefits and costs, strongly favor an alterna-
tive plan proposal that has an objectively deter-
mined benefit-cost ratio of less than one; or,
conversely, the affected community may oppose
an alternative with a favorable benefit-cost ratio.
Adoption and implementation of areawide plan
elements with objectively determined benefit-cost
ratios of less than one should be discouraged,
except possibly in situations where the costs
are borne entirely and equitably by, and with the
full knowledge and understanding of, the local
beneficiaries.

Time Value of Money—Interest

The benefits and often the costs of construction
projects accrue over long periods of time. Each
project or alternative, public and private, is likely
to have a different time flow of benefits and costs.
Benefits of one project may be realized earlier
than those of another, while the time flow of costs
may vary from one large initial investment for
one project to small but continuously recurrent
expenditures for another. In order to place these
projects with varying time flows of benefits and
costs on a comparable basis, the concept of the
time value of money must be introduced.

Adollar has a greater value to the consumer today
than does the prospect of a dollar in the future.
Because of this time preference for money, a con-
sumer will agree to pay more than one dollar
in the future for one dollar today. Conversely,
to an investor one dollar in the future is worth
less than one dollar today because he can obtain
one dollar in the future from the investment of
less than one dollar today. By the same rea-
soning, for public projects a one-dollar cost or
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a one-dollar benefit at some time in the future has
a value of less than one dollar today. The varia-
tion of value of capital, benefits, and costs with
respect to time is expressed through the mathe-
matics of compound interest.

Use of an interest rate automatically incorporates
consideration of the ever-present possibility of
private investment as an alternative. A project,
to be economical, should return to the public at
least as great a benefit as it might obtain through
private investment., Money invested privately is
expected to return generally from 4 to 10 percent
interest. Since implementation of the watershed
plan should return benefits to the public equal to,
or greater than could be attained through, private
investment, an interest rate of 6 percent is rec-
ommended for use in the economic evaluation
of plans.

The benefit-cost analysis for a project must be
based on a specified number of years, usually
equal to the physical or economic life of the pro-
ject. Most of the improvements proposed in the
Milwaukee River watershed plans, however, will
continue to furnish benefits for an indefinite time,
particularly the land use control and park reser-
vation elements. In indefinite situations, such as
this, government agencies have generally selected
50 years for the period of analysis; and this period
is recommended for the Milwaukee River water-
shed plans. Using 6 percent interest, benefits
accrued after 50 years, when discounted to the
present, are very small. For example, given
a uniform annual benefit of one dollar, the total
present worth of the entire 50-year period, from
year 51 through year 100, would be only one dol-
lar. The total present worth of the bencfits for
the 50-year period, from year 1 through year
50, however, would be almost $16. A final reason
for using a 50-year period as a basis for benefit-
cost analysis is the inability to anticipate the
social, economic, and technological changes which
may occur in the more distant future and which
may influence project benefits and costs.

Project Benefits

The benefits from a project can be classified as
direct, or measurable in monetary terms, and as
intangible. Intangible benefits either are of such
a nature that no monetary value can be assigned
to them or are so obscure that calculation of the
monetary value is impracticable. In the Milwaukee
River watershed planning studies, direct benefits
include flood-damage reduction, enhancement of
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property values, and those parts of recreation
and water quality management to which a monetary
value can be assigned. Intangible benefits include
aesthetic factors deriving from natural beauty and
a pleasant environment. Intangibles also include
benefits, such as improved efficiencies in com-
munity utilities and facilities, that have monetary
values but which are impracticable to calculate.

Direct benefits attributable to flood control were
calculated by subtracting annual flood-damage risk
for each plan alternative from annual flood damage
in an unplanned situation. Annual flood-damage
risk was calculated for each alternative by means
of the damage-frequency curves prepared for the
study, asdescribed in Chapter VIII, Volume 1, of
this report.

The direct benefits from land use controls, water
quality management, and the provision of recrea-
tional opportunities are more difficult to estab-
lish but were determined in monetary terms for
specific developments. Benefits for individual
recreational developments were calculated for
each alternative by means of demand curves, as
described in Chapter XIV, Volume 1, of this
report and Chapter IV, Volume 2, of this report.

Benefits from water quality management through
augmentation of low stream flows were quantified
on the basis of costs for an existing alternative
facility, as described in Chapter IV, Volume 2, of
this report.

A partial account of the benefits resulting from
the implementation of sound land use plans was
made in terms of increased land values for hous-
ing sites adjacent to attractive natural environ-
ments, The remainder of the benefits of the land
use plans were considered to be intangible. These
intangibles include benefits from the provision of
a more attractive and pleasant environment for
living and working and benefits to communities
and individuals because community facilities, such
as drainage, water supply, roads, schools, and
waste disposal, cost less per capita in a well-
planned land use situation.

Project Costs

The direct costs of water resource development
include the construction costs of physical elements
of the plan and the cost of acquiring land. Costs
of structural facilities were calculated using 1969
unit prices which reflect the magnitude of work,
the location in the urban region, and regional
labor costs.



The cost of land acquisition was based on 1969
market prices for urban improved, urban unim-
proved, and rural agricultural land in the Mil-
waukee River watershed.

Relationship of Economic and Financial Analysis
The distinction between economic feasibility and
financial feasibility is of particular importance
in the consideration of the costs of land already
under public ownership. A financial analysis
involves an examination of the liquidating charac-
teristics of the project from the point of view of
the particular government agency undertaking the
project. The relevant matters are the monetary
dishursements and monetary receipts of the pro-
ject. The financial analysis determines whether
or not the prospective available funds are ade-
quate to cover all of the costs.

On the other hand, an economic analysis by a gov-
ernment body determines if the project benefits
to whomsoever they accrue exceed the costs to
whomsoever they accrue. Since one of the legiti-
mate objectives of government is to promote the
general welfare, it is necessary to consider the
effect of a proposed project on all of the people
who may be affected, not just on the income and
expenditures of a particular agency. The econo-
mic valuation of the benefits and costs may differ
considerably from the actual income and expen-
ditures of a government agency. The present
market value of publicly owned but uncommitted
land, such as the undeveloped holdings of a park
commission, is counted on the cost side of the
economic analysis. Under the economic criterion
of benefits and costs to whomsoever they accrue,
this land must be considered to have an economic
value for alternative uses which are foregone
when the land is committed to another use, such
as open space or recreation., The costs of public
lands already developed with facilities for rec-
reation are considered as sunk costs and are not
included in the economic analysis because alter-
native uses of the land can no longer be reasonably
considered because costs of land under public
ownership, undeveloped or developed, are not
considered in the financial analysis since no
monetary outlay is required.

Staged Development

An attractive feature of many water resource
developments is their divisibility into several
individual projects which may be financed and built
at different times. Staged construction requires
lesser initial capital investments, reduces inter-
est costs, and allows for flexibility of continued
planning. Staging developments may also allow
deferring an element until increased demands
raise its benefit-cost ratio. In planning for staged
development, however, consideration must be
given to possibilities of higher costs in the future
and the possible unavailability of land. In any
development staging also serves to lower risks
incurred through inavailability of data during
preparation and partial implementation of ini-
tial plans.

SUMMARY

The process of formulating objectives and stand-
ards to be used in plan design and evaluation is
a difficult but necessary part of the planning
process. It is readily conceded that regional
and watershed development plans must advance
development proposals which are physically fea-
sible, economically sound, aesthetically pleasing,
and conducive to the promotion of public health
and safety. Agreement on development objec-
tives beyond such generalities, however, becomes
more difficult to achieve because the definition
of specific development objectives and supporting
standards inevitably involves value judgments.
Nevertheless, it is essential to state such objec-
tives for watershed development and to quantify
them insofar as possible through standards in
order to provide the framework within which
watershed plans can be prepared. Moreover,
so that the watershed plans will form an inte-
gral part of the overall long-range plans for the
physical development of the Region, the water-
shed development objectives must be compatible
with, and dependent upon, regional development
objectives while meeting the primary watershed
development objectives. Therefore, the watershed
development objectives and supporting principles
and standards set forth herein are based upon,
and incorporated in, previously adopted regional
development objectives, supplementing these only
as required to meet the specific needs of the Mil-
waukee River watershed planning program.
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Chapter III

LAND USE BASE AND ALTERNATIVE NATURAL RESOURCE PROTECTION,
OUTDOOR RECREATION AND RELATED OPEN SPACE, AND PARKWAY PLAN ELEMENTS

INTRODUCTION

The economic and demographic base and the exist-
ing land use pattern of the Milwaukee River water-
shed were described in Chapter III, Volume 1,
of this report. TForecasts of probable future
population and economic activity levels, together
with accompanying demands for various land uses
within the watershed, were set forth in Chapter VII,
Volume 1, of this report. The population of the
watershed was forecast to increase from the 1967
level of 544,000 to a 1990 level of 678,000 persons,
an increase of about 25 percent in approximately
23 years. Employment within the watershed was
forecast to increase from the present (1967) total
of 289,900 jobs to a 1990 total of 346,100 jobs, an
increase of about 19 percent.

In the face of this growth in population and employ-
ment, the amount of land devoted to urban use
within the watershed was forecast to increase
from the present (1967) total of 102 square miles,
or about 15 percent of the total area of the water-
shed, to 133 square miles, or about 19 percent of
the total area of the watershed, by 1990. This
demand for urban land will have to be satisfied
primarily through the conversion from rural to
urban uses of the remaining agricultural lands,
woodlands, and wetlands of the watershed. Such
rural land uses may be expected to decline collec-
tively from 593 square miles in 1967 to 562 square
miles in 1990, a decrease of about 5 percent. It
is extremely important that this new urban devel-
opment be related sensibly to soil capabilities; to
long-established utility systems; to the floodlands
of thc Milwaukec River systcm; and to the wet-
lands, woodlands, and surface water resources of
the watershed. If such new urban development is
not so related, the already severe developmental
and environmental problems of the watershed, as
documented in Volume 1 of this report, may be
expected to continue to intensify.

If such intensification of developmental and envi-
ronmental problems is to be avoided and the
serious problems of flooding and water pollu-
tion already existing within the Milwaukee River
watershed are to be abated, new urban develop-
ment within the watershed must be directed into

a more orderly and efficient pattern, a pattern
carefully adjusted to the ability of the underlying
and sustaining natural resource base to support
further urban development. A land use plan must,
therefore, constitute a major element of any
comprehensive plan for the development of the
Milwaukee River watershed. This land use plan
element, although emphasizing the protection of
the riverine areas and of the recreational resource
base of the watershed, must cover the entire
watershed and must represent the major basic
approach to the resolution of the growing envi-
ronmental and developmental problems of the
watershed. Structural water control facility plan
elements for flood control and pollution abatement
must be subordinate to and support the land use
plan element in that the structural water control
facility plan elements do not affect the entire
watershed and cannot alone offer sound solutions
to the developmental and environmental problems
of the watershed.

This chapter presents a brief description of the
necessary basic land use plan element, with par-
ticular attention to the alternatives available in
terms of preservation of the natural resource
base of, and the overall quality of the environment
within, the watershed as a whole. In addition, this
chapter presents a description of the alternatives
available with regard to wise development and use
of the recreation-related resource base of the
watershed, including park, parkway, and scenic
drive development within the watershed.

LAND USE BASE

Design Methodology

As noted above, the land use plan element forms
the basic element of the comprehensive water-
shed plan. With respect to that portion of the
Milwaukee River watershed lying within the South-
eastern Wisconsin Region, the watershed land use
plan is set within the context of, and reflects the
concepts and recommendations contained in, the
adopted regional land use plan. With respect to
that portion of the Milwaukee River watershed
lying outside the Southeastern Wisconsin Region
in Dodge, Fond du Lac, and Sheboygan Counties,
the watershed land use plan is an entirely new
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plan element prepared under the Milwaukee River
watershed study. As such, it represents both
an extension of the adopted regional land use
plan and the concepts and development objectives
embodied in that plan to those areas of the Mil-
waukee River watershed adjacent to the seven-
county Region and an integration of those concepts
and development objectives with the concepts
and development objectives expressed in planning
work currently being conducted at the county level
by the Fond du Lac and Sheboygan County Planning
Departments.

The regional land use plan was designed to meet
sound regional development objectives and stan-
dards and was selected after careful consid-
eration of three alternative regional land use
plans—a corridor, a satellite city, and a con-
trolled existing trend plan—and after comparing
these three alternative plans to an unplanned
alternative. The regional land use plan and the
alternatives considered in its adoption are fully
described in SEWRPC Planning Report No. 7,
Volume 2, Chapters V and VI.

The methodology applied in the preparation of the
land use plan is described in SEWRPC Planning
Report No. 7, Volume 2, Forecasts and Alter-
native Plans—1990, Chapter V, and consists of
a combination of design-oriented mapping activi-
ties concerned primarily with the spatial distribu-
tion of the various land uses, relating these to
existing development and to the natural resources
and public utility base through application of phy-
sical planning and engineering principles and
a socioeconomic-oriented land use demand pro-
jection and allocation process, employing both
traditional and mathematical simulation model
techniques.

Thus, the general land use base for that portion of
the Milwaukee River watershed within the Region
was basically established through the preparation
of a regional land use plan, a plan adopted by the
Regional Planning Commission, as well as by two
of the three counties in the Southeastern Wisconsin
Region within which the Milwaukee River water-
shed lies; namely, Milwaukee and Washington
Counties. Of the seven counties within the Region,
and the three counties concerned within the water-
shed, only Ozaukee County to date has not adopted
the regional land use plan.

The regional land use development objectives,
which the regional land use plan is designed
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to meet, as set forth in Chapter II, Volume 2,
SEWRPC Planning Report No, 7, Forecasts and
Alternative Plans—1990, remain valid and appli-

cable to the land use element of the more detailed
watershed development plan. Therefore, these
regional development objectives and the support-
ing principles and standards were made the basis
of the watershed land use development objectives,
principles, and standards set forth in Chapter II of
this volume.

The same general techniques used in preparing
the regional land use plan were used in the prepa-
ration of a complementary controlled existing
trend land use plan for that portion of the Milwau-
kee River watershed lying outside the Southeastern
Wisconsin Region. This area of the Milwaukee
River watershed is composed of several small
urban centers set in a large rural area rich in
high-value natural resources, including a sub-
stantial portion of the Northern Unit of the Kettle
Moraine State Forest. The population of the out-
of-Region portion of the watershed was forecast
to increase modestly from its present (1967) level
of about 12,000 persons to a 1990 level of about
13,000 persons, an increase of about 8 percent.
Employment within the out-of-Region portion of
the watershed was forecast to increase from the
present (1967) total of about 4,000 jobs to a 1990
total of about 4,500 jobs, an increase of about
11 percent. Based upon these population and
employment forecasts for the out-of-Region por-
tion of the watershed, it was estimated that only
about 126 acres, or about 0.2 square mile of
land, would have to be converted from rural to
urban land use within the plan design period. This
modest amount of urban growth was allocated in
the preparation of a controlled existing trend plan
for the out-of-Region portion of the watershed to
areas adjacent to the existing urban centers. In
addition, all primary environmental corridors
were identified and mapped. By combining this
controlled existing trend land use plan for the
out-of-Region portion of the watershed with the
adopted regional land use plan for the in-Region
portion of the watershed, a general land use
base for the Milwaukee River watershed plan
was established.

The adopted regional land use plan set forth broad
recommendations for areawide land use develop-
ment designed to meet the social, physical, and
economic needs of the Region while protecting and
enhancing the natural resource base. Similarly,
the controlled existing trend land use plan recom-



mended for the out-of-Region portion of the Mil-
waukee River watershed is also designed to meet
social, physical, and economic needs while pro-
tecting and enhancing the natural resource base.
The resolution of the natural resource-related
problems existing within the Milwaukee River
watershed, as set forth in Chapter XIII of Volume 1
of this report, however, requires more intensive
land use investigation, more detailed land use plan
design, and more specific land use plan imple-
mentation recommendations. This is particularly
true with respect to the riverine areas of the
watershed. In this way the natural resource-
related problems may be abated through appro-
priate private, as well as local, state, and federal
governmental actions. Therefore, this chapter, in
addition to describing the already adopted regional
land use plan as it applies to the Milwaukee River
watershed and the recommended controlled exist-
ing trend plan for the out-of-Region portion of the
watershed, sets forth 1) detailed alternative pro-
posals for the protection and wise use of the natu-
ral resources of the watershed in order to achieve
a favorable natural environment, 2) alternative
proposals for the preservation and proper devel-
opment of the recreation-related resource base of
the watershed inorder to meet the growing demand
for outdoor recreation within the watershed, and
3) alternative proposals for the development of
parkway and scenic drives within the watershed.

Two important and interrelated elements of the
natural resource base requiring protection through
sound land use development and management have
been identified in the inventories and analyses
made as a part of the watershed study: the pri-
mary environmental corridors and the remaining
prime outdoor recreation and related open-space
sites within the watershed. Accordingly, specific
alternative plans for the preservation of these two
elements are explored in this chapter. In these
alternative plans, specific attention is given to
the preservation of the following subelements of
the primary environmental corridors: lakes and
streams and the associated shorelands and flood-
lands, wetlands, woodlands, and wildlife habitat
areas. It should be noted in this respect that,
unless specified to the contrary, the areal extent
of the woodland, wetland, and wildlife habitat
areas proposed to be protected and preserved
under the various alternative plans are based upon
the detailed land use data compiled in the SEWRPC
land use inventories rather than on the natural
resource inventories conducted under the water-
shed study. This was done in order to avoid any
potential confusion with respect to acreage figures

because of the multiple counting of certain acre-
ages under the natural resource inventories (see
Chapter XIII of Volume 1 of this report).

Land Use Base Description

As noted above, the adopted regional land use plan
and a recommended controlled existing trend plan
for the out-of-Region portion of the watershed
together form the recommended land use base for
the Milwaukee River watershed plan. The recom-
mended land use base would meet the social,
physical, and economic needs of the future water-
shed population by allocating sufficient land to
each of the various major land use categories to
satisfy the known and anticipated demand for each
use, meeting both the demands of the urban land
market and the adopted land use design standards.
The allocation of the anticipated future urban land
use development within each county of the water-
shed is designed to meet the demand for land
expected to be created by the forecast population
growth occurring within each county through the
plan design year 1990. To the extent possible, the
proposals contained in existing community devel-
opment plans and ordinances are accommodated
in the land use base. The land use base seeks to
protect and enhance the natural resource base of
the watershed and allocates new urban develop-
ment only to those areas of the watershed that are
covered by soils well-suited to such development.
It further seeks to encourage urban development
in those areas of the watershed that can be readily
provided with gravity drainage sanitary sewer
service and public water supply.

The land use base emphasizes continued reliance
on the urban land market to determine the loca-
tion, intensity, and character of future develop-
ment within the Region and within the watershed
outside the Region for residential, commercial,
and industrial land uses. It does, however, pro-
pose to regulate in the public interest the effect
of this market on development in order to pro-
vide for a more orderly and economical land use
pattern and in order to avoid intensification of
developmental and environmental problems within
the Region and the watershed. The land use base
for the Milwaukee River watershed is shown in
graphic summary form on Map 1 and is more
specifically described in the following paragraphs
and subsequent sections of this chapter.

The land use base proposes the conversion of
approximately 21 square miles of land within the
watershed from rural to urban use over the next
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A sound land use plan must constitute the basic element of any
watershed plan. This is true because the misuse of land is a major
cause of water pollution, flood damage, inadequate water supply,
and the deterioration and destruction of the natural resource
base. The misuse of land, particularly through the widespread
dispersion of urban development, is also a major contributor to

inefficiencies in the provision of public services and facilities
of all kinds and to the increasing cost of local government. The
recommended land use plan seeks to concentrate the new urban
development which will be required to meet the forecast population
growth in those areas of the watershed that are covered by soils
well suited to healthy and economical urban development and that

can be readily served by public sewer and water supply facili-
ties--the orange shaded areas on the plan map. Most importantly
the plan rroposes the preservation in essentially natural ope
uses of all of the environmental corridors of the watershed--th
green areas on this map--and the preservation in essentially rura
uses of the remaining agricultural areas of the watershed--th
white areas on this map.

Source: SEWRPC.
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two decades, or about 10 square miles less than
the forecast conversion of 31 square miles of land
noted earlier in this chapter. The forecast con-
version was based upon forecast population levels
and an assumed continuation of recent trends in
land development within the watershed, as fos-
tered by adopted local land use plans and local
zoning ordinances and as discussed in Chapter VIIL
of this volume. The planned conversion recom-
mended in the land use base is thus less than the
forecast land use conversion under the unplanned
alternative. The planned conversion, while relying
on the continued effect of the urban land market,
assumes the imposition of greater public con-
straints in the form of land use controls in order
to regulate in the public interest the effect of the
urban land market on development. In essence,
the planned land use conversion represents a more
efficient urban land development process and one
which is better adjusted to the underlying and sus-
taining natural resource base.

It is important to note that the land use base, as
shown on Map 1, represents a refinement of the
adopted regional land use plan in the riverine
areas of the watershed. This plan refinement was
primarily directed at delineation of the boundaries
of the primary environmental corridors within the
watershed and was made possible by the natural
resource inventories and hydrological investiga-
tions and floodland delineations carried out as
a part of the Milwaukee River watershed study.
Because floodlands can be an important deter-
minant of environmental corridor boundaries,
the floodland information provided by the Mil-
waukee River study affected and was used to
refine the corridor boundaries as those bound-
aries were originally delineated in the adopted
regional land use plan.

Residential Land Use: As indicated in Table 3,

the land use base proposes to add 7,869 acres to
the existing stock of residential land in the water-
shed in order to supply land to meet the hous-
ing needs of the anticipated population increase.
Approximately 297 acres, or about 2 percent of
this new residential land, are proposed to be
developed at low population densities, with lot
sizes ranging from approximately one-half acre to
five acres per dwelling unit and with gross resi-
dential population densities ranging from 350 to
3,499 persons per square mile. About 6,337 acres,
or about 82 percent of this new residential land,
are proposed to be developed at medium population
densities, with lot sizes ranging from approxi-

mately 6,000 square feet to approximately one-half
acre per dwelling unit and with gross residential
population densities ranging from 3,500 to 9,999
persons per square mile. The remaining 1,235
acres, or about 16 percent of this new residential
land, are proposed to be developed at high popu-
lation densities, with lot sizes ranging from
approximately 2,400 to 6,000 square feet per
dwelling unil and with gross residential population
densities ranging from 10,000 to 25,000 persons
per square mile.

All of the new medium- and high-density residen-
tial development is proposed to be served by
public sanitary sewer and public water supply
facilities, so that by 1990, 76 percent of the total
urban area within the watershed and 94 percent of
the total watershed population would be served
by public sanitary sewerage facilities, as com-
pared to 64 and 92 percent, respectively, in 1967.
Similarly, 71 percent of the total urban area and
93 percent of the total watershed population would
be served by public water supply facilities, as
compared to 60 percent and 91 percent, respec-
tively, in 1967.

Retail and Service Land Use: Six major multi-
purpose commercial centers are proposed in the
watershed land use base for 1990, including five
existing centers—three in the City of Milwaukee,
including the Milwaukee Central Business Dis-
trict; one in the City of Glendale; and one in the
City of West Bend—and one new major commer-
cial center in the City of Milwaukee near the
Milwaukee-Ozaukee County line. The one new
major commercial center would add approxi-
mately 95 acres of retail and service land to
the existing 1,368 acres of retail and service
land to the watershed. In addition, approximately
528 acres of new community and local retail and
service land would be added during the plan design
pcriod. As shown in Table 3, these additions to
the existing stock of retail and service land in the
watershed would total 623 acres, or an increase
of about 45 percent over the existing supply.

Industrial Land Use: Based on the employment
forecast, five major industrial centers are pro-
posed in the land use base, including two existing
centers in the City of Milwaukee, one existing
center in the City of Glendale, and one existing
center in the City of West Bend. One new major
industrial center is proposed to be added in the
City of Milwaukee in the former Town of Granville
area. This new major industrial center would
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Table 3

EXISTING AND PROPOSED LAND USE IN THE MILWAUKEE RIVER WATERSHED-
1967 AND 1990 RECOMMENDED LAND USE PLAN

EXISTING (1967)
IN REGION OUTSICE REGION TOTAL
PERCENT PERCENT PERCENT
OF oF oF
SCUARE MAJOR SQUARE MAJCR SCUARE MAJOR
LAND USE CATEGURY ACRES MILES CATEGORY ACRES MILES CATEGORY ACRES MILES CATEGORY
URBAN LAND USE
RESIDENTIALaveeeonnsens 25,398 39.68 44.1 1,622 2.53 21.0 27,020 42.22 41.3
LOW-DENSITY.uus . 11,217 17.52 19.5 1,041 1.63 13.4 12,258 19.15 18.7
MEDIUM=DENSITYeuuuaas 5,433 8.49 9.4 581 0.91 7.5 64014 9.40 9.2
HIGH-DENSITYusasaueas 8,748 13.67 15.2 0 0.00 0.¢C 84748 13.67 13.4
COMMERCIAL+uuenaoncnenn 1,267 1.98 2.2 101 0.16 1.3 1,368 2.14 2.1
INDUSTRIALeeeones . 1,700 2.66 2.9 63 0.10 0.8 1,763 2.76 2.7
MININGaueoeaonesasannes 866 1.35 1.5 247 0.38 3.2 1,113 1.74 1.7
TRANSPORTATION<voaesaas 20,839 32.56 36.2 4,672 7.30 £C.4 25,511 39.86 39.1
GOVERNMENTAL e+ eus . 3,129 4.89 5.4 323 0.5C 4.2 3,452 5.39 5.3
RECREATIONAL «essoesnans 44371 6.83 7.6 710 1.11 9.2 5,081 7.94 7.8
TOTAL URBAN LAND USE..... 57,57¢C 89.95 100.0 7,738 12.10 100.0 65,308 102.05 100.0
RURAL LAND USE
AGRICULTURAL AND
OPEN LANDseeeevenennans 218,704 341.72 100.0 160,939 251.47 100.0 379,643 593.19 100.0
TOTAL RURAL LAND USE...s. 218,704 341.72 100.0 160,939 251.47 1cc.0 379,643 593.19 100.0
TOTAL 276,274 431.67 100.0 168,677 263.57 106.C 444,951 695.24 100.0
PLANNED INCREMENT (1967-199C)
IN REGION QUTSICE REGION TOTAL
PERCENT PERCENT PERCENT
oF OF OF
SQUARE MAJOR SQUARE MAJOR SQUARE MAJOR
LAND USE CATEGORY ACRES MILES CATEGORY ACRES NILES CATEGORY ACRES MILES CATEGORY
URBAN LAND USE
RESIDENTIALecccvcccccese 1,795 12.18 59.9 T4 0.12 58.7 7,869 12.29 59.9
LOW-DENSITYeuuas 297 0.46 2.3 0 0.0C 0.0 297 0.46 2.2
MEDIUM-DENSITY. 61263 9.78 481 74 0.12 58.7 61337 9.90 48.2
HIGH-DENSITY... 1,235 1.93 9.5 0 0.cC .0 1,235 1.93 9.4
COMMERCIALesvoane 618 0.96 4.7 5 0.01 4.0 623 0.97 4.7
INDUSTRIALeeaeans 633 0.99 4.9 3 0.01 2.4 €36 0.99 4.8
MINING.wueuuonns . 0 0.00 0.0 0 0.00 0.¢C 0 0.00 0.0
TRANSPORTATION.weuassns 2,346 3.66 18.0 32 0.05 25.4 2,378 3.72 18.1
GOVERNMENTALeesueeans 733 1.14 5.6 9 0.01 7.1 742 1.16 5.6
RECREATIONAL e vs . 893 1.40 6.8 3 0.01 2.4 896 1.40 6.8
TOTAL URBAN LAND USEewass 13,018 20.34 100.0 126 0.2C 1c0.¢ 13,144 20.53 100.0
RURAL LAND USE
AGRICULTURAL AND
OPEN LAND.... cerees -13,018 -20.34 -- -126 -0.20 -- -13,144 -20.53 -
TOTAL RURAL LAND USE -13,018 -20.34 -- -126 -0.20 - -13,144 -20.53 --
TOTAL -- -- - -- - -- - - --
TOTAL (195C)
IN REGION OUTSIDE REGION TOTAL
PERCENT PERCENT PERCENT
OF oF oF
SGUARE MAJOR SQUARE MAJCR SQUARE MAJOR
LAND USE CATEGORY ACRES MILES CATEGORY ACRES MILES CATEGORY ACRES MILES CATEGORY
URBAN LAND USE
RESIDENTIALeeuaus 33,193 51.86 47.0 1,696 2.65 21.6 34,889 54,51 44.5
LOW-DENSITY. 11,514 17.99 16.3 1,041 1.63 13.2 12,555 19.61 16.0
MEDIUM-DENSITY.euuun. 11,696 18.28 16.6 655 1.02 8.3 12,351 19.30 15.8
HIGH-DENSITY .. 9,983 15.60 4.1 0 0.00 c.C 9,983 15.60 12.7
COMMERCIAL... 1,885 2.94 2.1 106 0.16 1.3 1,991 3.11 2.5
INDUSTRIAL.... 2,333 3.64 3.3 66 0.10 0.8 2,399 3.75 3.1
MININGeouoaos 866 1.35 1.2 247 0.38 3.1 1,113 1.74 1.4
TRANSPORTATION 23,185 36.23 32.8 4,704 7.35 59.8 27,889 43.58 35.6
GOVERNMENTAL s wss 3,862 6.03 5.5 332 0.52 4.2 45194 6.55 5.3
RECREATIONAL .. ... 5,264 8.22 7.4 713 1.11 9.1 5,977 9.34 7.6
TOTAL URBAN LAND USE. 70,588 110.29 100.0 7,864 12.30 1€0.C 78,452 122.59 100.0
RURAL LAND USE
AGRICULTURAL AND
OPEN LANDaeeeeusenannns 205,686 321.38 100.0 160,813 251.27 100.C 366,499 572.65 100.0
TOTAL RURAL LAND USEaesss 205,686 321.38 100.0 160,813 251.217 100.0 366,499 572.65 100.0
TOTAL 276,274 431.67 100.0 168,677 263.57 16C.c 444,951 695.24 100.0

SOURCE- SEWRPC.

32




add approximately 400 acres to the existing 1,763
acres of industrial land in the watershed. In addi-
tion, approximately 236 acres of new community
and local industrial land would be added during the
plan design period. As shown in Table 3, these
additions to the existing stock of industrial land
would total 636 acres, or an increase of about
36 percent over the existing supply.

Transportation, Communication, and Utility Fa-

cility Land Use: As indicated in Table 3, the
land use base proposes to add approximately
2,378 acres of transportation, communication,
and utility facility land use to the existing stock
of such land uses within the watershed, or an
increase of about 9 percent.

Agricultural Land Use: The previously described
increases in urban land uses in the watershed by
1990 would result in a corresponding decrease in
agricultural and other rural and related open-
space uses. The stock of rural land within
the watershed could, therefore, be expected to
decrease from about 380,000 acres in 1967 to
366,000 acres in 1990, a decrease of nearly
4 percent. Of this agricultural and related open-
space land which is proposed to be converted to
urban uses, 1,866 acres, or about 13 percent,
would be prime agricultural land; that is, land
which has a relatively high potential crop yield
capability, which has consistently produced higher
than average yields, and in which the farm sizes
and capital investments in agricultural improve-
ments are relatively large (see Map 2).

Other Land Uses: The land use base also includes
proposals for the reservation and development
of outdoor recreation and related open-space land
uses and for reservation of the primary envi-
ronmental corridors. These land uses will be
described in greater detail in the following sec-
tions of this chapter.

ALTERNATIVE NATURAL RESOURCE
PROTECTION PLAN ELEMENTS

The concept of the environmental corridor was set
forth in Chapters IV and XIII of Volume 1 of this
report. In addition, these chapters discussed the
importance of the preservation of the primary
environmental corridors to the protection of the
best remaining elements of the natural resource
base, including the surface waters and associated
shorelands and floodlands, woodlands, wetlands,
and wildlife habitat areas, as well as the best

remaining potential park and related open-space
sites, including high-value historic, scientific, and
scenic sites within the watershed. The pri-
mary environmental corridors encompass about
157 squarc miles, or approximately 23 percent
of the total watershed area of 694 square miles.
These primary environmental corridors, however,
contain about 85 percent of the perennial stream
channel length, about 88 percent of the shoreline
of the 21 major lakes within the watershed, about
77 percent of all remaining wetlands, about 59 per-
cent of all remaining woodlands, about 47 percent
of allunused lands, about 72 percent of all remain-
ing wildlife habitat area, and about 66 percent of
all potential park and related open-space sites
remaining within the watershed (see Table 4).'
Any plan for the preservation, protection, and
wise use of the natural resource base within the
watershed must, therefore, be centered on the
preservation and protection of the primary envi-
ronmental corridors.

The complex of resource elements contained within
the primary environmental corridors, as deter-
mined by the detailed watershed land use inven-
tory, includes 6,554 acres of water area; 45,160
acres of wetland area; 20,774 acres of woodland
area; 3,851 acres of unused land area; and 23, 934
acres of agricultural and agricultural-related land
area. Any plan for the preservation, protection,
and wise use of the primary environmental corri-
dors of the Milwaukee River watershed must, in
turn, consist of a carefully selected mosaic of
proposals for the protection and maintenance of
the complex of individual resource elements com-
prising these corridors.

Three alternative natural resource protection plan
elements were developed in the process of detail-
ing and refining the regional land use plan for the
Milwaukee River watershed and of preparing the
recommended controlled existing trend land use
plan for the out-of-Region portion of the water-
shed, using sound land use development objectives
relating directly to the underlying and sustaining
natural resource base. Each of these three alter-
native plan elements was designed to provide for

VIt is important to note that the indicated percentage
distribution of wetlands, woodlands, and wildlife habitat
area in the primary environmental corridor represents such
resource elements as determined in the SEWRPC land use
inventories rather than the watershed natural resource
inventories, in order to avoid the multiple counting of
certain acreages under the latter inventories.
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Map 2

PRIME AGRICULTURAL AREAS
IN THE MILWAUKEE RIVER WATERSHED
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The recommended land use plan proposes to preserve in essentia

1
open rural use a total of approximately 366,000 acres of agricu
tural land within the watershed--the white and black cross-hatch
areas on this map. O0f this total, approximately 51,000 acres--t
black cross-hatched areas on this ma?--constltute Erlme agricu
tural areas. These areas are not only covered by highly ferti
soils, but are areas in which the farm sizes are large enou?h
as to constitute efficient operations, in which relatively Tar
amounts of capital have been invested in increasing productivit
and areas which have consistently produced higher than avera
crop yields. The preservation of these areas is not only importa
to the economy of the watershed but to the preservation of t
overall quality of the environment in the watershed.

Source: SEWRPC.
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DISTRIBUTION OF LAND USE RESOURCE ELEMENTS

Table 4

IN THE MILWAUKEE RIVER WATERSHED

AND IN THE PRIMARY ENVIRONMENTAL CORRIDOR WITHIN THE WATERSHED--1967
AMOUNT IN WATERSHED AMGUNT IN CCRRICCR PERCENT IN CURRIDOR
IN OUTSIDE IN OUTSIDE IN OUTSIDE
RESCURCE ELEMENT® REGION | REGION | TOTAL REGICN | REGICN | TCTAL | REGICN | REGION | TOTAL
STREAMS (MILES)easccencaccaccasoasccanas 206 124 330 161 121 282 | 78.2 97.6 8504
(ACRES) ceaceecsasancasssscccanas 2,044 641 2,685 1,965 60U 2,565 | 96.1 93.6 95.5
LAKES (ACRES)cceaceccscconcasssoncasacee 2,491 1,679 4,170 2,310 1,679 3,989 | 92.7 1¢0.¢ 95.7
WETLANDS (ACRES)eeececannsaacssoscaasnss | 260406 | 32,050 | 58,456 | 17,477 | 27,683 | 45,160 | 66.2 86.4 77.3
WOCDLANDS (ACRES)eececasessasssacsnancas | 19,624 | 15,408 | 35,C32 84617 | 12,175 | 20,774 | 43.9 79.0 59.3
AGRICULTURAL AND RELATEDC LAND (ACRES)... [1€1,292| 110,078 [271,370 | 10,579 | 13,355 | 23,934 6.6 12.1 8.8
UNUSED LAND (ACRES)eecceccocccencnannnne 4,693 3,498 8,191 1,030 2,821 3,851 | 21.9 80.6 47.0
WILDLIFE HABITAT (ACRES)eceaneasesaceaes | 5C,565 | 49,778 [1C0,343 | 30,318 | 42,170 | 72,488 | 59.2 84.7 12.2
EXISTING CUTDCCR RECREATICNAL
SITES (ACRES)eeesscsesascacseccccaces 11,313 | 17,752 | 29,065 8,126 | 16,552 | 24,678 | 71.8 93.2 84.9
POTENTIAL OUTDCOR RECREATIONAL
SITES (ACRES)eescescsocacccsaasonnaas | 17,1606 49329 | 214935 | 1l.4l4 3,153 | 14,567 | 64.8 72.8 6644
TGTAL AREA (ACRES)ecessoscasoosocansanss 275,372 | 168,678 |444,C51 | 42,505 | 57,767 | 100,272 | 15.5 34.3 22.5

OTHE AREAS INDICATEC FCR ThHE NATURAL RESOURCE ELEMENTS SET FORTH IN THIS TABLE WILL NOT TCTAL TO THE AREA OF THE WATER-

SHED SINCE THESE ELEMENTS ARE NCT MUTUALLY EXCLUSIVE IN NATURE;

THAT IS, FGOR EXAMPLE, SUCH ELEMENTS AS WCCDLANCS ANC

WETLANDS ALSG CCNSTITUTE AREA CELINEATED AS WILDLIFE HABITAT AND POTENIIAL CUTODCCR RECREATICNAL SITES.

SCURCE- WISCONSIN CEPARTMENT CF NATURAL RESUURCES AND SEWRPC.

the preservation, protection, and wise use of the
best remaining elements of the natural resource
base, with emphasis on protecting and preserving
the regenerative qualities of that base, including
the soils, surface and ground water, wetlands,
woodlands, and wildlife, All of the alternatives
are centered on the preservation of the primary
environmental corridors, with each alternative
plan including all the elements of the preceding
alternative, thereby more completely attaining
the watershed land use development objectives
as these objectives relate to the protection and
enhancement of the natural resource base. The
major objective of these watershed plan elements
and, indeed, of the concept of environmental cor-
ridors, is the preservation, protection, balanced
use, and proper management of the biota and
thereby maintenance of resource diversity within
the watershed for all time.

Minimum Alternative Natural

Resource Protection Plan Element

The first alternative natural resource protection
plan element considered was a minimum design
intended to protect through public acquisition,
zoning, and management the primary environ-
mental corridor of the watershed, as delineated
in the adopted regional land use plan, which plan
was subsequently refined under the Milwaukee
River watershed planning program and in the
recommended controlled existing land use plan
for the out-of-Region portion of the watershed.
This alternative plan element consists of five
specific subelements:

1.

Public acquisition of all remaining unde-
veloped primary environmental corridor
lands lying in, and adjacent to, those areas
of the watershed expected to be in urban
use by 1990. These lands tolal 9,847 acres,
or about 2 percent of the total watershed
area and nearly 10 percent of the total pri-
mary environmental corridor area.

Public acquisition of selected remaining
high-value wetland areas located in the
primary environmental corridors adjacent
to existing publicly owned and leased wood-
land, wetland, and wildlife areas. These
areas total 16,040 acres, or about 4 per-
cent of the total watershed area and 16 per-
cent of the total primary environmental
corridor area.

Public acquisition of selected remaining
high-value woodland areas located in thc
primary environmental corridors adjacent
to existing publicly owned woodland, wet-
land, and wildlife areas. These areas total
3,401 acres, or about 1 percent of the total
watershed area and 3 percent of the total
primary environmental corridor area.

Protection of all remaining environmental
corridor areas not now in public ownership
and not proposed for future public owner-
ship in rural portions of the watershed,

through appropriate agricultural, flood-
land, shoreland, conservancy, and low-
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density residential zoning. These areas
total 46,632 acres, or about 12 percent of
the total watershed area and nearly 47 per-
cent of the total primary environmental
corridor area.

5. Promotion of good management of all
remaining woodland and wetland resources
of the watershed.

Urban Environmental Corridor Acquisition: This
proposal consists of the acquisition for public use
and protection of all remaining undeveloped pri-
mary environmental corridors lying in, and adja-
cent to, areas of the watershed expected to be in
urban use by 1990 (see Map 3). This would require
the staged acquisition of a total of 9,847 acres of
urban environmental corridor lands within the
watershed in addition to the 1,801 acres of urban
corridor land presently in public ownership (see
Table 5). As shown onMap 3, urban cnvironmental
corridor lands are located in the Cities of Glendale
and Milwaukee and the Villages of Brown Deer,
River Hills, and Shorewood in Milwaukee County;
the Cities of Cedarburg and Mequon, the Villages
of Fredonia, Grafton, Saukville, and Thiensville,
and the Towns of Cedarburg, Fredonia, Grafton,
and Saukville in Ozaukee County; the City of West
Bend, the Village of Kewaskum, and the Towns of
Barton, Trenton, and West Bend in Washington
County; and the Villages of Cascade and Random
Lake and the Towns of Lyndon and Sherman in
Sheboygan County. The acquisition of these urban
environmental corridor lands would permanently
protect 2,690 acres of wetland, 3,500 acres of
woodland, and 2,801 acres of potential park site
within the watershed. These urban environmental
corridor lands also comprise almost 10 percent of
the total environmental corridor acreage proposed
to be utilized for park and open-space uses in
the recommended outdoor recreation plan ele-
ment. The total cost of acquiring the urban envi-
ronmental corridors is estimated at $20,438,000
over a 20-year plan implementation period. It is
important to stress that this public land acquisi-
tion proposal includes only undeveloped lands
within the delineated primary environmental cor-
ridors and does rot, therefore, include any lands
already developed for urban uses.

High-Value Wetland Acquisition: Continued acqui-
sition of selected high resource value wetland
areas within the primary environmental corridors
of the watershed is proposed in this plan element
in order to protect and enhance the existing public
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ownership, which now totals about 7,170 acres
(see Map 3). Additional wetland acreage proposed
to be acquired includes the best remaining wet-
lands within the watershed adjacent to existing
wildlife-wetland conservancy areas of the water-
shed. Acquisition of these areas would total about
16,040 acres, which includes 9,933 acres inven-
toried as wetland and 6,107 acres inventoried as
woodland, unused land, or agricultural land (see
Table 5). The proposed acquisition represents
27 percent of the wetlands within the watershed.
Areas proposed for additional high-value wetland
acquisition include the Jackson Marsh and Wayne
Marsh areas in Washington County, the Cedarburg
Bog and Hurias Lake areas in Ozaukee County, the
Kettle Moraine Lake area in Fond du Lac County,
and the Adell Swamp area in Sheboygan County.
The total cost of acquiring these high-value wet-
lands is estimated at $4, 857,400,

High-Value Woodland Acquisition: Continued acqui-
sition of selected high resource value woodland
areas within the primary environmental corridors
of the watershed is also recommended to meet
woodland preservation objectives (see Map 3).
Acquisition of high-value woodlands within the
watershed should be continued in order to assist
in completing the acquisition of the Northern Unit
of the Kettle Moraine State Forest. In this respect,
it should be noted that the acquisition recom-
mendation being made here includes some areas
not now included within the project boundaries
as determined by the Wisconsin Department of
Natural Resources for the Kettle Moraine State
Forest. These areas, as well as certain lands
lying outside the primary environmental corridors
but within the project boundaries of the Kettle
Moraine State Forest, are needed to fully protect
the natural resource base and provide continuity
for the proper management of state-owned lands.
It is extremely important that certain large, key
natural resource areas of the watershed, such as
the Kettle Moraine area, remain in open space and
woodland cover for all time. The total woodland
area recommended for acquisition is 3,401 acres,
in addition to the 13,865 woodland acres presently
in public ownership (see Table 5). These 3,401
acres include 1,393 acres inventoried as woodland
and 2,008 acres inventoried as wetland, unused
land, and agricultural land. The proposed acquisi-
tion represents about 9 percent of the total wood-
lands inventoried in the watershed. The total cost
of acquiring these high-value woodlands is esti-
mated at $2,380,700.




Map 3

ALTERNATIVE NATURAL RESOURCE PROTECTION PLAN ELEMENTS

FOR THE MILWAUKEE RIVER WATERSHED
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Three alternative natural resource protection plan elements were
considered in the Milwaukee River watershed study. AlT seek
to preserve and protect the underlying and sustaining natural
resource base of the watershed by maintaining the environmental
corridors of the watershed in natural open use. These corridors,
totaling |57 square miles in area, or about 23 percent of the
total area of the watershed, encompass almost all of the best
maining elements of the natural resource base. The alternatives
ffer only in the combination of public acquisition, as opposed
public zoning, which would be used to protect the corridors.
der the recommended plan, about 66 percent, or 66,000 acres of
e total corridor area, would be permanentla preserved through
blic acquisition., Of the total, about_24,000 acres, or U0 per-
nt, are already in public ownership. The remainder of the cor-
dor area would be protected by appropriate floodland, shoreland,
nservancy, recreational, agricultural, and estate-type residen-
al zoning. The plan proposes to acquire all of the corridor
nds in those areas of the watershed expected to be in urban use
{ 1990, totaling about 9,800 acres, and all of the corridor alon?
e main stem of the Milwaukee River from Milwaukee through Wes
Bend, totaling an additional 3,400 acres.

Source: SEWRPC.
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Table 5

EXISTING AND PROPOSED PUBLIC OWNERSHIP OF SELECTED
ENVIRONMENTAL CORRIDOR LANDS BY COUNTY--

1967 AND 1990 ALTERNATIVE NATURAL RESOURCES PROTECTION PLAN ELEMENTS?®
URBAN ENVIRONMENTAL CORRIDOR HIGH VALUE WETLAND AREAS
EXISTING PUBLIC PROPOSED EXISTING PUBLIC PROPOSED
OWNERSHIP PUBLIC TOTAL OWNERSHIP PUBLIC TOTAL
(1967) ACQUISITION (1990) (1967) ACQUISITION (1590)
PERCENT OF PERCENT PERCENT OF PERCENT OF PERCENT PERCENT OF
COUNTY ACRES WATERSHED ACRES CHANGE ACRES WATERSHED ACRES WATERSHED ACRES CHANGE ACRES WATERSHED
FOND DU LAC.... - - - - - - 2,895 40.4 5,470 - 84365 36.0
MILWAUKEEeooose 1,276 70.1 248 19.4 1,524 13.1 -- - - - - -
OZAUKEEesaooens 160 8.8 4,468 2,792.5 4,628 39.7 1,070 14.9 4,112 5,152.5 5,182 22.4
SHEBOYGANseeasn 10 1.4 1,098 10,980.0 1,108 9.5 1,555 21.7 775 - 2,330 10.0
WASHINGTON.ssoe 355 19.7 4,033 1,136.0 4,388 37.7 1,650 23.0 5,683 463.9 7,333 31.6
TOTAL 1,801 100.0 9,847 462.5 11,648 100.0 7,170 100.0 16,040 792.0 23,210 100.0
HIGH-VALUE WOODLAND AREAS TOTAI
EXISTING PUBLIC PROPOSED EXISTING PUBLIC PROPOSED
CWNERSHIP PUBLIC TOTAL CWNERSHIP PUBLIC TOTAL
(1967) ACQUISITION (1990) (1967) ACQUISITION (1590)
PERCENT OF PERCENT PERCENT OF PERCENT OF PERCENT PERCENT OF
COUNTY ACRES WATERSHED ACRES CHANGE ACRES WATERSHED ACRES WATERSHED ACRES CHANGE ACRES WATERSHED
FOND DU LAC.... 6,728 48.5 2+369 24.8 9,097 52.7 94543 39.8 7,839 82.1 17,382 32.6
MILWAUKEEe oo - - - - - - 1,276 5.3 248 19.4 1,524 2.9
OZAUKEEseeensas -= - -= - - - 1,230 5.1 8,580 893.7 9,810 18.4
SHEBOYGANesoaas 6,084 43.9 " 856 11.2 64940 40.2 7,649 31.9 2,729 35.6 10,378 19.5
WASHINGTON.so. ™ 1,053 7.6 176 6.5 1,229 7.1 4,283 17.9 94892 230.9 14,175 2646
TOTAL 13,865 100.0 3,401 17.1 17,266 100.0 23,981 100.0 29,288 117.1 53,269 100.0

°THE PROPOSED PUBLIC ACQUISITICN OF VARIOUS ENVIRONMENTAL CORRIDOR LANDS AS SET FORTH IN THIS TABLE IS INCLUDED IN THE MINIMUM, INTERMEDIATE,
AND OPTIMUM NATURAL RESOURCES PROTECTION PLAN ELEMENTS, AS DESCRIBED IN THIS CHAPTER.

SCURCE- WISCONSIN CSEPARTMENT OF NATURAL RESOURCES AND SEWRPC.

Primary Environmental Corridor Zoning: Public
acquisition of the primary environmental corridor
lands within the watershed is the best means of
protecting and enhancing the natural resource base
of the watershed, providing needed park and open
spaces, protecting floodlands from incompatible
urban uses, and lending form and structure to
urban development. Those areas of the primary
environmental corridors which are not actually
acquired for public use, however, should be keptin
compatible, essentially natural open-space uses.
This can largely be achieved through the use of
agricultural, floodland, shoreland, conservancy,
and very low-density residential zoning within the
watershed, This zoning should, at a minimum,
encompass all of the riverine areas of the water-
shed lying within the 100-year recurrence flood
hazard line and all areas within 1,000 feet of
the shoreline of the 21 major lakes within the
watershed. Such zoning will assist in protecting
the remaining woodlands, wetlands, and wildlife
habitat areas, as well as the floodlands and water
quality, within the watershed from continued dete-
rioration and destruction by fragmented urban
development. These zoning measures will also
serve to prevent intensification of flood problems
within the watershed. It is proposed that 46,632
acres, or about 47 percent of the primary envi-
ronmental corridors within the watershed, be
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zoned in a manner appropriate to the preservation
of the natural resource element. In addition, those
areas of the corridors proposed to be acquired
for public use should also be initially zoned as
exclusive agricultural, floodland, park land, or
conservancy districts in order to achieve imme-
diate protection from urban encroachment pend-
ing acquisition.

Wetland and Woodland Resource Management: In
addition to the foregoing environmental corridor
acquisition and zoning proposals, it is recom-
mended that adequate management practices be
instituted for all remaining natural resource base
elements within the watershed. These manage-
ment practices should be extended to the 14,258
acres of woodlands and 13,336 acres of wetlands
in the watershed which lie outside the environ-
mental corridor boundaries. In addition, such
management practices should be applied to the
wetlands and woodlands lying within the primary
environmental corridor. The continued function
of these areas in sustaining a varied biota, in
the production of wildlife, in the protection and
enhancement of water quality, and in the main-
tenance of a naturally well-regulated streamflow
regimen within the watershed can only be ensured
by applying good forestry and wetland manage-
ment measures,




Concluding Remarks—Minimum Alternative Natu-
ral Resource Protection Plan Element: The total
primary environmental corridor acreage to be
acquired for public use under this minimum alter-
native plan element is 29,288 acres, including
9,847 acres of urban environmental corridor
lands, 16,040 acres of high-value wetland areas,
and 3,401 acres of high-value woodland areas for
environmental protection and preservation of wild-
life, open space, recreation, and natural biotic
functions (see Table 5). The total cost of acquiring
this corridor land is estimated at $27,676,100.
Including the 24,352 acres of the primary envi-
ronmental corridor presently in public ownership,
a total of 53,640 acres of corridor lands would be
held in public trust with the implementation of the
minimum alternative natural resource protection
plan element. This total area of 53,640 acres
constitutes 53 percent of the primary environ-
mental corridor area delineated within the Mil-
waukee River watershed and 12 percent of the
total area of the watershed. In addition, under
this alternative a total of 46,632 acres, or about
47 percent of primary environmental corridor
land, would be protected by appropriate agricul-
tural, floodland, shoreland, conservancy, and low-
density residential zoning,

This natural resource protection plan alternative
would provide a minimum program for preserva-
tion of the resource base of the watershed through
public acquisition of selected primary environ-
mental corridor areas subject to urbanization,
zoning of the remaining environmental corridor
area, and application of good management prac-
tices to all woodlands and wetlands lying both
within and outside the primary environmental cor-
ridors. It would result in an integrated system
of public greenways and resource protection dis-
tricts within the watershed which would ensure
the provision of needed park and open-space lands
within the watershed and the rapidly urbanizing
Southeastern Wisconsin Region, lend form and
structure to urbandevelopment, and prevent inten-
sification of flooding and water pollution within the
watershed. About one-half of the primary envi-
ronmental corridors in the watershed, however,
would not be permanently protected from urban
encroachment through public acquisition.

Intermediate Alternative Natural

Resource Protection Plan Element

A second alternative natural resource protection
plan element considered included all of the sub-
elements proposed in the first alternative natural

resource protection plan element and, in addition,
public acquisition of all other undeveloped pri-
mary environmental corridor lands remaining
along the main stem of the Milwaukee River in
Ozaukee and Washington Counties. This proposal
would entail the acquisition of 3,420 acres of pri-
mary environmental corridor along the main stem
of the Milwaukee River not previously proposed
for acquisition under the first alternative natural
resource protection plan element and not already
in public ownership (see Map 3 and Table 6). Such
acquisition would include the preservation and
protection of an additional 1,917 acres of wetland
and 892 acres of woodland encompassed within the
primary environmental corridors of the watershed.
The total cost of acquiring this additional environ-
mental corridor land is estimated at $2, 394, 000.

Table 6

EXISTING AND PROPOSED PUBLIC OWNER-
SHIP OF ADDITIONAL MILWAUKEE RIVER
MAIN STEM ENVIRONMENTAL CORRIDOR
LANDS BY COUNTY--1967 AND 1990
INTERMEDIATE ALTERNATIVE NATURAL
RESOURCE PROTECTION PLAN ELEMENT

MILWAUKEE RIVER MAIN STEM ENVIRCNMENTAL CCRRIDUR

EXISTING PUBLIC
CWNERSHIP PROPOSED PUBLIC TCTAL
1961y ACQUISITION 11930}

PERCENT OF PERCENT PERCENT OF
CCUNTY ACRES WATERSHEC ACRES CHANGE ACRES WATERSHED

FOND DL LAC.... - - - __ __ _
MILWAUKEE oo oss -- - -
OZAUKEEesaeenns 287 100.0 a8sa 312.9 1,185 32.0
SHEBOYGAN. aaass - -— - —

WASHINGTON..... - -- 24522 - 2,522 68.0

TcraL 2817 100.0 3,420 1,161.6 3,707 100.0

°DOES NOT INCLUDE ENVIRONMENTAL CORRICOR LANCS ALONG THE MAIN STEM OF THE MIL-
WAUKEE RIVER PRCPCSER FCR PUBLIC ACQUISITICN AS URBAN ENVIRONMENTAL CCRRIDCR
IN TABLE 5.

SOURCE- WISCONSIN DEPARTMENT CF NATURAL RESCURCES AND SEWRPC.

The adoption and implementation of this second
alternative natural resource protection plan ele-
ment would place a total of 57,060 acres, or
57 percent of the primary environmental corridor
lands within the watershed and 13 percent of the
total area of the watershed, in public ownership.
Of the total acreage recommended for public
ownership, 24,352 acres, or 43 percent, are
presently publicly owned. A total of 18,158 acres
of woodlands, or 52 percent of the remaining
woodlands and 4.1 percent of the total watershed
area, and 25,127 acres of wetland, or 40 percent
of the remaining wetlands and 5.6 percent of the
total watershed area, would be protected through
public ownership under this plan alternative.

The second alternative natural resource protec-
tion plan element differs from the first alternative
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only in proposing public acquisition of additional
primary environmental corridor land along the
main stem of the Milwaukee River from Kewaskum
in Washington County to the Saukville area in
Ozaukee County. Thus, through existing public
ownership, proposed public acquisition, zoning,
and management, the total of 100,272 acres of
primary environmental corridor area within the
watershed would be protected. In addition, a total
of 27,594 acres of high-value wetlands and wood-
lands would be protected through existing public
ownership and proposed zoning and management
outside the primary environmental corridors.
This second alternative would better meet the
natural resource-related development objectives
and standards set forth in this volume than would
the first alternative resource protection plan ele-
ment since more high-value environmental cor-
ridor land would be permanently protected and
preserved through public acquisition.

Optimum Alternative Natural Resource

Protection Plan Element

The third alternative natural resource protection
plan element considered included all of the sub-
elements propcsed in the first and second alter-
native plan elements and, in addition, public
acquisition of additional selected undeveloped
primary environmental corridor lands throughout
the watershed. Additional environmental corri-
dors recommended for acquisition include the
following: a portion of the Campbellsport Corridor
in the Town of Auburn, Fond du Lac County; a
portion of the Cedarburg Corridor along Cedar
Creek in the Towns of Cedarburg and Jackson,
Ozaukee County; a portion of the West Branch
Corridor along the Milwaukee River in the Town
of Ashford, Fond du T.ac County; portions of the
Cascade, Mink Creek, Random Lake, and Waubeka
Corridors in the Town of Farmington, Washington
County; the Town of Fredonia, Ozaukee County;
and the Towns of Lyndon, Mitchell, Scott, and
Sherman in Sheboygan County (see Map 3). These
additional primary environmental corridor acqui-
sitions would encompass a total of 8,876 acres
and account for about 9 percent of the total pri-
mary environmental corridor in the watershed
(see Table 7). Included in these additional acres
would bhe 4, 646 acres of wetland and 2, 976 acres
of woodland. The total cost of acquiring this
additional environmental corridor land is esti-
mated at $4, 438, 000.

This alternative plan element would provide opti-
mum protection not only of the primary environ-
mental corridors but, in addition, other high-value
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woodlands, wetlands, and adjacent undeveloped
areas remaining within the Milwaukee River water-
shed. Through existing public ownership, pro-
posed public acquisition, zoning, and manageraent,
a total of 127,866 acres of primary environmental
corridor area and related high-value woodlands
and wetlands outside the primary environmental
corridor but within the watershed would be pro-
tected. Of this total of 127,866 acres, 100,272
acres constitute the primary environmental corri-
dor lands. Of the total primary environmental
corridor acreage, 24,352 acres, or about 24 per-
cent, are presently in public ownership; and
an additional 41,584 acres are proposed to be
acquired, resulting in a total of 65,936 acres, or
about 66 percent of the total primary environ-
mental corridor area within the watershed, being
permanently preserved and maintained through
public ownership. The total cost of acquiring all
of the environmental corridor land proposed in
this alternative is estimated at $34, 508, 100.

Concluding Remarks—Alternative Natural
Resource Protection Plan Elements

The relative effectiveness of the three alterna-
tive natural resource protection plan elements in
meeting the watershed development objectives and
standards relating to lakes and streams, wood-
lands, wetlands, and wildlife habitat area is sum-
marized in Table 8. All three plan elements
perform well with respect to these objectives and
standards. The second alternative would better
meet the natural resource objectives and standards
than the first alternative because more woodlands
and wetlands would be publicly acquired, thus pro-
viding greater assurance of permanent protection
and preservation of a larger amount of such area.
Similarly, the third alternative would better reet
the objectives and standards than either the first

Table 7

EXISTING AND PROPOSED OWNERSHIP OF
ADDITIONAL SELECTED ENVIRONMENTAL
CORRIDOR LANDS BY COUNTY--1967
AND 1990 OPTIMUM ALTERNATIVE
NATURAL RESOURCE PROTECTION
PLAN ELEMENT

SELECTEC PRIMARY ENVIRONMENTAL CORRIDOR

EXISTING PUBLIC
CWNERSHIP PRCPOSED PUBLIC TOTAL
(1967) ACQUISITION {139¢)

PERCENT OF PERCENT PERCENT CF
CCUNTY ACRES WATERSHEC | ACRES | CHANGE ACRE S WATERSHED

FCND DU LAC.... -- - 2,190 - 2,19¢C 23.7
MILWAUKEE«.aaa. - -= - - - -
CZAUKEEeaoaaaas == - 1,660 == 1,660 18.0
SHEBOYGAN...... 354 1c0.0 3,152 890.3 3,50¢ 38.0
WASHINGTCN.waus - - 1,874 - 1,874 20.3

TCTAL 354 1¢0.0 8,876 | 2,507.3 9,23C 1€0.0

SCURCE- WISCONSIN CEPARTMENT CF NATURAL RESOURCES AND SEWRPC.



Table 8

COMPARISON OF THE RELATIVE ABILITY OF THE ALTERNATIVE NATURAL RESOURCE
PROTECTION PLAN ELEMENTS TO MEET WATERSHED DEVELOPMENT STANDARDS

CBJECTIVE

MINIMUM ALTERNATIVE

NATURAL RESOURCE PRCTECTICN

PLAN ELEMENT

INTERMECIATE ALTERNATIVE

NATURAL RESCURCE PROTECTION

PLAN ELEMENT

UPTIMUM ALTERNATIVE

NATURAL RESOURCE PROTECTION

PLAN ELEMENT

NATURAL RESOURCES RELATED STANDARDS®

INLAND LAKES AND STREAMS

l. LARGE INLANC LAKES OVER 50 ACRES (21 LAKES)
A. 25% OF SHCRE IN NATURAL STATL..
B. 10% OF SHCRE IN PUBLIC USE...
C. 50% CF SHCRE IN NCONURBAN USES.. .

2. SMALL INLAND LAKES--UNDER 50 ACRES (50 LAKES)

MET FOR 14 OF 21 LAKES
MET FOR 8 OF 21 LAKES
MET FCR 13 OF 21 LAKES

MET FOR 14 COF 21 LAKES
MET FCR 8 CF 21 LAKES
MET FOR 13 OF 21 LAKES

MET FGR 14 OF 21 LAKES
MET FOR 8 OF 21 LAKES
MET FOR 13 OF 21 LAKES

A. 25% SHORE IN NATURAL STATER.iieeeeeenns ceeens COULD BE MET CCULD BE MET COULD BE MET
3. PERENNIAL STREAMS (30 STREAMS)
A. 25%0F SHCRE IN NATURAL STATEG..eseesesseansce MET FOR 26 OF 30 STREAMS MET FOR 26 OF 30 STREAMS MET FOR 26 OF 30 STREAMS
B. 50% OF SHCRE IN NCNURBAN USESS%escescsonsnsans MET FOR 26 OF 30 STREAMS MET FOR 26 OF 30 STREAMS MET FOR 26 OF 30 STREAMS
C. RESTRICT URBAN USES IN FLOOCPLAINS®eiveveanas MET VET MET
D. RESTRICT CEVELOPMENT IN CHANNELS AND
FLOODWAYSY eiveeroeeensonnsscacesasoccsanns “ee MET MET MET
WETLANDS
1. PROTECT WETLANDS OVER 50 ACRES AND THOSE WITH
HIGH RESOURCE VALUES ciuoveienronrenncncanaannan MET MET MET
WOODLANDS
1. 10% OF THE WATERSHECS MET MET MET

2. 40 ACRES OF EACH FOREST TYped
3. 5 ACRES/1,000 POPULATICN FOR RECREATIONAL

PURSUITS  ceeiteiaennceceececeesaccacccanccnnannns COULD BE MET
WILDLIFE
COULD BE MET

le MAINTAIN A WHOLESOME HABITAT.cicceaececncaccanns

COULD BE MET

CCULD BE MET COULD BE MET

CCULD BE MET CUULD BE MET

COULD BE MET CQULD BE MET

°THE INDICATED STANDARDS AND THE DEVELOPMENT OBJECTIVES WHICH THEY SUPPORT ARE SET FORTH IN FULL IN CHAPTER II OF THIS VOLUME.

bTHIS STANDARD COULD BE MET BY LOCAL COMMUNITY ACTION.

STHIS STANDARD IS MET UNDER EACH ALTERNATIVE PLAN ELEMENT BECAUSE ALL OF THE PRIMARY ENVIRONMENTAL CORRIDORS ARE PROPOSED TO BE PROTECTED

THROUGH PUBLIC ACQUISITION OR EFFECTIVE LOCAL ZONING.

dTHIS STANDARD IS MET UNDER EACH ALTERNATIVE PLAN ELEMENT BECAUSE IT SERVED AS AN INPUT TQC THE PLAN DESIGN PROCESS.

®ONLY THAT WOOCLAND WITHIN THE PRIMARY ENVIRONMENTAL CORRIDORS WAS ASSUMED TO BE PRESERVED.

SOURCE- SEWRPC.

or second alternative because, again, there would
be greater public acquisition of primary environ-
mental lands. All three alternative plan elements
require the use of sound floodland, shoreland,
and conservancy zoning techniques to supplement
public land acquisition.

It is apparent that the adoption and implementation
of anyone of the three alternative natural resource
protection plan elements would have a desirable
and far-reaching effect on the quality of life within
the Milwaukee River watershed, particularly in
those areas of the watershed which will be urban-
ized by 1990. The basic difference between the
three alternatives is the amount of public land
acquisition and, hence, the degree of assurance
of the permanent protection and preservation
of the primary environmental corridor areas of
the watershed.

It is recommended that the third, or optimum,
alternative natural resource protection plan ele-
ment be included in the recommended compre-
hensive plan for the Milwaukee River watershed.
This alternative, while more costly than the mini-

mum and intermediate alternatives, provides the
greatest degree of permanent preservation of the
primary environmental corridors of the water-
shed, with existing and proposed public ownership
of these important lands totaling nearly 66 percent
of the total primary environmental corridor land
in the watershed.

Implementation of the optimum alternative natural
resource protection plan element will, as noted
above, result in greater assurance that the adopted
watershed planning standards relating to wood-
lands and wetlands will be met. The woodland
standard requires that a minimum of 10 percent
of the total watershed area be maintained in per-
manent woodland cover. A total of 44,405 acres
of woodland area must, therefore, be maintained
within the Milwaukee River watershed to meet this
adopted standard. The total number of woodland

acres proposed to be preserved and maintained

through public ownership under the recommended
alternative natural resource protection plan ele-
ment is 19,126 acres. This means that an addi-
tional 25,279 acres of woodlands will have to be
maintained and managed on private lands through-
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out the watershed in order to meet the adopted
woodland standard. The detailed woodland natural
resource inventory conducted during the water-
shed study by the Wisconsin Department of Natural
Resources identified a total of 70,885 acres of
woodland areas within the watershed which would
be available for such maintenance and manage-
ment and which could be used to assist in meeting
the recommended woodland standard.

The adopted wetland standards require that all
wetland units 50 acres or larger in area be pro-
tected, maintained, and managed as permanent
wetland areas. The total wetland area to be
preserved and maintained through public owner-
ship under the recommended alternative natural
resources protection plan element is 29,823 acres.
This means that an additional 9,729 acres of wet-
lands in units 50 acres or larger in area will have
to be maintained and managed on private lands
throughout the watershed in order to meet the
adopted wetland standard. The detailed wetland
natural resource inventory conducted in the water-
shed study by the Wisconsin Department of Natural
Resources identified a total of 39,652 acres of
wetland areas in units 50 acres or larger in area
within the watershed which would be available for
such maintenance and management and which
could be used to assist in meeting the recom-
mended wetland standard.

It is also important to note that woodlands and wet-
lands are not mutually exclusive natural resource
base elements. There is an overlap of such
resource areas, particularly in the lowland coni-
fer woodland area and the tamarack wetland area
throughout the watershed. Through a combination
of public land acquisition, zoning, and management
practices, therefore, there is an excellent oppor-
tunity in the Milwaukee River watershed to pro-
vide the preservation and protection necessary
to meet the recommended natural resource plan-
ning standards and to maintain the environmental
diversity afforcded the watershed by these remain-
ing natural resource base elements.

Of great significance in the recommendation that
the optimum alternative natural resource pro-
tection plan element be included in the recom-
mended comprehensive plan for the Milwaukee
River watershed is the permanent preservation
through acquisition of the primary undeveloped
riverine areas of the watershed—along the main
stem of the Milwaukee River—where potential
flood damages would be greatest if urban develop-
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ment is furthcr allowed to encroach and where
many of the high-value resources are concen-
trated. It should be noted that proposals for acqui-
sition of the land along the main stem of the
Milwaukee River and the development of a con-
tinuous Milwaukee River parkway date back as
far as 1939.2 Implementation of the optimum
alternative would also provide permanent pro-
tection against urban encroachment into the signi-
ficant upland resource areas of the watershed. To
a large degree, this recommendation continues the
very excellent and long-established program of
the State of Wisconsin for the public acquisition
and permanent preservation of Kettle Moraine
State Forest lands, while expanding that program
to include the equally important riverine areas of
the watershed.® It is further recommended that
special attention be given in the implementation of
this plan element to roadside conservation and
stabilization measures along roadways in, and
adjacent to, primary environmental corridors in
order to stabilize and maintain the roadside areas
and reduce erosion and siltation into the streams,
wetlands, and lakes of the watershed. In addition,
the roadside areas provide protective cover for
wildlife species native to the area, as well as
a flora diversity, thus assuring a biotic mix within
the primary environmental corridors of the area.

It is important to note that, if the Waubeka raulti-
purpose reservoir alternative flood control plan
element, as presented in Chapter IV of this
volume, is included in the recommended compre-
hensive plan for the Milwaukee River watershed,
it will affect the intermediate and optimum, but
not the minimum, alternative natural resources
protection plan elements described in this chap-

2Wisconsin State Planning Board and Conservation Commission
Bulletin No. 8, A Park, Parkway, and Recreational Area Plan,
January 1939, Madison, Wisconsin.

31t should be noted also that recent federal and state
efforts have resulted in the establishment of a publicly
owned “Ice Age Reserve” within Wisconsin, including not only
portions of the existing Kettle Moraine State Forest in
Sheboygan County within the Milwaukee River watershed, but
also the approximately 3,870 acre Campbellsport drumlin area
in the Fond du Lac County portion of the watershed. While
acquisition of these drumlin lands is not currently planned,
except for two small parcels to provide scenic overlooks
along highways, the protection of these lands through appro-
priate zoning measures is essential to maintain the signifi-
cant glacial characteristics of the landscape.



ter. With respect to the intermediate natural
resource plan element, the Waubeka multi-purpose
flood control reservoir would eliminate the need
to purchase for public use about 700 acres of Mil-
waukee River main stem primary environmental
corridor in Ozaukee and Washington Counties,
thus reducing the total Milwaukee River main
stem corridor to be acquired to 2,720 acres and
rcducing the total cost of acquiring the main stem
environmental corridor by $490,000. With respect
to the optimum natural resources protection plan
element, implementation of the Waubeka multi-
purpose flood control reservoir would eliminate
the need to purchase for public use a total of about
3,600 acres of selected environmental corridor
areas in Ozaukee, Sheboygan, and Washington
Counties, reducing the total selected environ-
mental corridor areas to be acquired to 5,276
acres and reducing the total cost of acquiring the
selected additional environmental corridor areas
by $1,800, 000.

ALTERNATIVE OUTDOOR RECREATION AND
RELATED OPEN-SPACE PLAN ELEMENTS

Three alternative outdoor recreation and related
open-space planelements were prepared under the
Milwaukee River watershed planning program, all
based upon, and constituting refinements of, the
adopted regional land use plan and the recom-
mended controlled existing trend plan for the out-
of-Region portion of the watershed. Each of these
three alternative plan elements was designed to
provide areas for the expansion of existing out-
door recreation facilities, as well as to provide
areas for the development of new outdoor recrea-
tion facilities, while, at the same time, protecting
and preserving selected high-value elements of
the natural resource base encompassed by each
of the specific outdoor recreation sites under
consideration. As was true of the three alterna-
tive natural resource protection plan elements
considered, the three alternative outdoor recrea-
tion plan elements are cumulative in nature; that
is, the second plan element includes all sub-
elements of the first, and the third includes all
subelements of the first and second. The three
alternative plan elements differ only in their rela-
tive ability to meet, through public acquisition and
development of park and outdoor recreation sites,
the forecast 1990 demand for recreational land for
each of the major outdoor recreational activities.

Outdoor Recreation Demand
The rapidly increasing demand within the Mil-
waukee River watershed for land and water for

outdoor recreational activities was described in
Chapter XIV of Volume 1 of this report. A total of
16 outdoor recreational activities were examined
in terms of existing (1967) and forecast (1990)
participant demand. These 16 activities, by rank
order of forecast demand, were: pleasure driving,
swimming, sightseeing, picnicking, golfing, boat-
ing, fishing, bicycling, nature walking, camping,
hunting, hiking, water skiing, skiing, horseback
riding, and canoeing. These 16 outdoor recrea-
tional activities were grouped into five classi-
fications, based on the type or degree of site
development required in order to meet demands
of participants in each activity.

The first group contains the five major outdoor
recreational activities—swimming, golfing, pic-
nicking, camping, and skiing—that require speci-
fic intensive site development. Forecasts were
made of 1990 demand for land for each of these
five major activities. The second group contains
only one activity—hunting—which can generally
be accommodated on both publicly and privately
owned recreational and resource conservancy
lands and on lands in other uses, such as agricul-
ture. Thus, no specific 1990 land demand forecast
was made for this activity. The third group con-
tains four water-based activities—boating, fishing,
water skiing, and canoeing—which require exten-
sive areas of surface water with only a minimal
amount of intensive land development, such as
boat-launching sites. Because such development
is usually undertaken in conjunction with other
land- and water-based outdoor recreational activi-
ties, no specific 1990 land demand forecasts were
made for these activities. The fourth group con-
tains three activities—hiking, horseback riding,
and nature walking—the participant demand for
which, it was assumed, could be met on existing
public recreation and conservancy lands, as well
as on nonpublic recreation, agricultural, or other
open-space lands. The fifth group contains three
activities—pleasure driving, bicycling, and sight-
seeing—the participant demand for which, it was
assumed, could be met on existing and future
public highway rights-of-way. Thus, no specific
1990 land demand forecasts were made for any of
the activities in the fourth and fifth groups.

Based on the foregoing assumptions, it was deter-
mined that a total of approximately 17,480 acres
of land in the Milwaukee River watershed would be
needed by 1990 to meet the forecast demand for
the five major outdoor recreational activities that
require extensive site development. Existing land
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area in the watershed, both public and private,
devoted to the five major activities totals 6,642
acres, leaving a forecast need of about 10,840
acres of additional outdoor recreation land in the
watershed. This forecast of additional outdoor
recreation land demand became the basis for the
preparation of the alternative outdoor recreation
and related open-space plan elements.

Potential Park and Related Open-Space Sites

As indicated in Chapter IV of Volume 1 of this
report, an inventory of potential park sites con-
ducted by the Commission revealed that there are
a relatively large number of good potential park
and related outdoor recreation sites remaining in
the Milwaukee River watershed. Of the 131 poten-
tial park sites found in the watershed, having
a total area of 21,935 acres, 59 sites, having
a total area of 12,786 acres, were classified as
high-value sites.* This represents almost 30 per-
cenl of the total number and over 26 percent of
the total area of such high-value sites in the
Southeastern Wisconsin Region and that part of
the Milwaukee River watershed outside the Region,
Thus, the Milwaukee River watershed serves as
an important recreational resource base, not only
for watershed residents but also for residents of
the entire Region. These high-value potential park
sites, whether developed publicly or privately,
can best serve as the basis for the satisfaction of
the forecast 1990 recreational land use demand
in the watershed. It should be pointed out, how-
ever, that urbanization within the watershed may
destroy many of these potential park sites for
outdoor recreation and related open-space use
unless effective measures are taken now to pre-
serve these sites for such usc.

Recreational Land Standards

in the Regional Land Use Plan

As discussed in Chapter II of this volume, the
Commission has, in its planning efforts to date,
adopted regional land use development objectives
with supporting principles and standards. One
of these objectives and two of these standards
deal with recreational land and are of particular
importance in the design of alternative outdoor
recreation plans for the Milwaukee River water-

4of the 131 potential park sites identified in the water -
shed, 107 sites, totaling 19,428 acres, or 83 percent of the
total sites and 90 percent of the acreage, lie within, or
are adjacent to, the primary environmental corridors of
the watershed.

44

shed. These two standards, as set forth in Chap-
ter II and as modified to include the out-of-Region
portion of the Milwaukee River watershed, specify
that, for each additional 1,000 persons expected
to reside within the total watershed, four acres of
land should be set aside for regional public park
development, and 10 acres should be set aside for
local public park development. These standards
were used in the design of the adopted regional
land use plan and the recommended controlled
existing trend plan for the out-of-Region portion
of the watershed and, therefore, are fully met by
those plan elements.

Minimum Alternative Outdoor

Recreation Plan Element

The first alternative outdoor recreation and related
open-space plan element considered was based
primarily upon application of the aforementioned
recreational land use standards to the forecast
resident population of the watershed. The existing
(1967) population of the watershed was estimated
at 544,000 persons; and the 1990 population of the
watershed was forecast at 678,000 persons, an
increase of 134,000 persons over the 1967 level.
Applying the standard of four acres of regional
park land to the incremental resident population
of the watershed results in the need for a total of
about 540 acres of additional regional park land
within the watershed. Applying the standard of
10 acres of local park land to the incremental
resident population of the watershed results in the
need for a total of about 1,340 acres of additional
local park land within the watershed. Thus, the
estimated total park land need within the water-
shed under this alternative is about 1,880 acres.

There are five existing regional outdoor recrea-
tion sites in the Milwaukee River watershed, total-
ing 1,921 acres in area. The area encompassed
by these sites closely approximates the recom-
mended standard for the existing population of the
watershed (see Map 4). These five sites are:

1. Lincoln Park (County) in the City of Mil-
waukee, Milwaukee County, with a total
existing site area of 305 acres.

2. Brown Deer Park (County) in the City of
Milwaukee, Milwaukee County, with a total
existing site area of 368 acres.

3. Hawthorne Hills Park (County) in the Town
of Saukville, Ozaukee County, with a total
existing site area of 293 acres.



Map 4

ALTERNATIVE OUTDOOR RECREATION PLAN ELEMENTS
FOR THE MILWAUKEE RIVER WATERSHED
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NOTE

THE HAWTHORNE HILLS COUNTY PARK SITE IN THE TOWN OF SAUKVILLE,
OZAUKEE COUNTY, AN EXISTING REGIONAL OUTDOOR RECREATION SITE,

IS PROPOSED TO BE EXPANDED FROM 293 ACRES TO 617 ACRES UNDER THE
MINIMUM, INTERMEDIATE, AND OPTIMUM ALTERNATIVE OUTDOOR RECREATION
PLAN ELEMENTS.

Three alternative park and outdoor recreation plan elements were
considered in the Milwaukee River watershed study. The minimum
alternative was designed to meet only the recreation demand gener—
ated by the residents of the watershed; the intermediate alterna-
tive, the resident demand and a portion of the out-of-watershed
demand; and the recommended plan, all of the forecast demand. The
recommended plan would provide an additional 10,900 acres of

public park and outdoor recreation land and would bring the total
of such lands within the watershed to 14,600 acres. About three-
fourths of the additional recreational land would be located in,
and acquired as a part of, the environmental corridor lands. Six
large regional parks would be provided, of which four are exlstlng
parks--Lincoln and Brown Deer County Parks in Milwaukee County an

Mauthe Lake and Long Lake State Recreational Areas in Fond du Lac
County. One park, aawthorne Hills County Park in Ozaukee Count{,
would be enlarged to meet regional park standards; and a new state
park would be provided southwest of West Bend.

Source: SEWRPC.
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4. Mauthe Lake State Recreation Area in the
Kettle Moraine State Forest, Town of
Auburn, Fond du Lac County, with a total
existing site area of 630 acres.

5. Long Lake State Recreation Area in the
Kettle Moraine State Forest, Town of
Osceola, Fond du Lac County, with a total
existing site area of 325 acres.

The first alternative outdoor recreation plan ele-
ment includes the maintenance and further devel-
opment of these five regional park sites. These
five park sites presently encompass 1,921 acres
of woodland and wetland; and all five sites lie
within, or adjacent to, the primary environmental
corridors of the watershed.

As noted above, approximately 540 acres of addi-
tional regional park land are needed within the
watershed to meet the aforementioned standard of
four acres per 1,000 incremental resident popula-
tion. Added to the existing stock of a totalof 1,921
acres of regional park land, there would be a total
of about 2,460 acres of regional park land in the
watershed by 1990. The first alternative outdoor
recreation plan element, therefore, includes pro-
posals for the acquisition and development within
the watershed of one new regional outdoor recrea-
tion site and expansion of one existing regional
outdoor recreation site. These two proposals are
the following:

1. The Lucas Lake-Paradise Valley site in
the Townof West Bend, Washington County,
which is proposed to be acquired and
developed with a total proposed site area,
including adjacent urban environmental
corridor lands, of 1,500 acres, of which
350 acres would be developed for intensive
outdoor recreation uses.

2. The Hawthorne Hills Park (County) site
in the Town of Saukville, Ozaukee County,
which is proposed to be expanded in area
by 324 acres in order to accommodate
a wide range of multi-purpose outdoor
recreational activities. The total proposed
site area for the Hawthorne Hills County
Park is 617 acres, including the addition
of 324 acres to the existing 293 acre site.

The Lucas Lake-Paradise Valley site in Wash-
ington County was rated as one of the eight best
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remaining potential park sites within the entire
seven-county Region in the 1964 inventory of
potential park and open-space sites. It should
be noted that the Washington County Park and
Planning Commission has established an approxi-
mately 100 acre county park on the former Ridge
Run Farm just north of the proposed Lucas Lake-
Paradise Valley regional park site. This county
park could form the nucleus for the development
of the future regional park. Expansion of the
Hawthorne Hills County Park in Ozaukee County
would enable the accommodation of more activi-
ties than are currently being accommodated at
the park.

Site expansion of the Hawthorne Hills site is pro-
posed to the north of the existing county park site
along the Milwaukee River, so that the Hawthcorne
Hills site would eventually be linked to the Waube-
donia County Park site on the Milwaukee River
just west of the Village of Fredonia.

The one new proposed regional outdoor recreation
site, together with the proposed expansion of an
existing regional outdoor recreation site, would
encompass a total area of 674 acres and would
bring the total regional park area within the
watershed to 2,595 acres. All of the 674 acres
proposed to be acquired and developed for regional
park sites would be acquired under the primary
environmental corridor land acquisition recom-
mended in the natural resource protection plan
element at an estimated cost of $1,208,900. The
estimated cost of developing the entire 674 acres
of new regional park land is $1, 011, 000.

Existing local park lands in the Milwaukee River
watershed total 1,752 acres. The first alternative
outdoor recreation planelement includes the main-
tenance and further development, as necessary, of
this existing local park acreage. In addition, the
plan proposes the acquisition and development as
community and neighborhood parks of an additional
1,338 acres of land in order to meet the standard
of 10 acres of local park land per 1,000 incre-
mental resident population. It is estimated that
up to one-fourth of this additional local park land
could be acquired through dedication during land
subdivision development in expanding urban areas
of the watershed. The remaining acreage could
generally be provided within the primary environ-
mental corridors. In Milwaukee County, however,
only 248 of the estimated 752 local park acres
needed could be provided within the primary envi-
ronmental corridors. Of the remaining 504 acres,



it is estimated that approximately 188 acres could
be acquired through subdivision dedication. The
remaining 316 acres would have to be acquired
within the watershed or in areas adjacent to the
watershed. The estimated cost of acquiring this
land in Milwaukee County is $1,580,000. The
acquisition cost of $1,240,000 for the 248 acres
of land in the urban corridor to be used for local
parks was included in the recommended natural
resource protection plan element; and implemen-
tation of the corridor acquisition recommendations
would reduce the need for local park land. Acqui-
sition of the primary environmental corridors
lying within urban areas of the watershed above
Milwaukee County, as proposed earlier in this
chapter, would provide all of the land needed for
three-fourths of the required additional local park
land development in that portion of the watershed.
The acquisition cost of $846, 000 for this land was
included in the recommended natural resource
protection plan element. The estimated cost of
developing all local park sites in the watershed
is $6, 690, 000,

The total outdoor recreation land proposed to be
acquired and developed under the first alternative
plan element is 2,012 acres, or about 19 percent
of the 10,840 acres of land required to meet the
total recreation demand which can be expected to
be exerted on the watershed by 1990 from both
resident and non-resident and in-Region and out-
of-Region populations (see Table 9). It is assumed
under this alternative that the demand not met
through public action will be met through private
recreational development. If such private devel-
opment is not forthcoming, the excess demand
will either result in overcrowding and overuse
of the available public park and recreation areas
and in the deterioration and destruction of the
recreation-related resource base or will require
that limitations be placed on the use of the avail-
able public park lands.

Intermediate Alternative Outdoor

Recreation Plan Element

As noted earlier in this section, the three alter-
native outdoor recreation and related open-space
plan elements prepared for the Milwaukee River
watershed are cumulative in nature. Thus, the
second alternative plan includes all of the ele-
ments of the first alternative plan (see Table 9).
In addition, the second alternative plan element
proposes public acquisition and development of an
additional 18 high-value potential park sites within

the watershed (see Map 4 and Table 10). These
18 sites are primarily located near, or adjacent
to, bodies of water, Four of the sites are located
in Ozaukee County, one in the City of Mequon, one
in the Town of Grafton, and two in the Town of
Fredonia. Seven of the sites are located in Wash-

Table 9

EXISTING AND PROPOSED LOCAL
AND REGIONAL PARKS IN THE
MILWAUKEE RIVER WATERSHED BY
COUNTY--1967 AND 1990 ALTERNATIVE
OUTDOOR RECREATION PLAN ELEMENTS?

LCCAL PARKS
EXISTING PLANNED T0TAL
(19671 INCREMENT (1990}
PERCENT OF PERCENT PERCENT CF
CCUNTY ACRES WATERSFED | ACRES CHANGE ACRES WATERSHED
16 0.9 1 6.3 17 C.6
1,245 711 752 60.4 1,997 64.6
145 8.3 4170 324.1 615 19.9
58 3.3 5 8.6 63 2.0
288 16.4 11C 38.2 398 12.9
TCTAL 1,752 100.¢C 1,238 T6.4 3,C90 100.0
REGIONAL PARKS
EXISTING PLANNED TOTAL
(1967) INCREMENT (1990)
PERCENT OF PERCENT PERCENT CF
CCUNTY ACRES WATERSFED | ACRES CHANGE ACRES WATERSHED
955 49.7 -- -- 955 ‘ 36.8
673 35.0 - - 673 | 25.9
293 15.3 324 110.5 617 23.8
- - 350 - 35C 13.5
TCTAL 1,921 160.0 674 35.C 24595 100.0
TOTAL
EXISTING PLANNED TO0TAL
(1967) INCREMENT 11990}
PERCENT OF PERCENT OF PERCENT OF
CCUNTY ACRES WATERSFED | ACRES WATERSHED | ACRES WATERSHED
FOND DU LACewans 971 26.4 1 c.1 972 17.1
MILWAUKEE.. 1,918 52.2 752 39.2 2,67C 41.0
OlAUKEE.aa. 438 1.9 794 181.2 1,232 21.7
SHEBOYGAN..euaas 58 1.7 5 8.6 63 1.1
WASHINGTCNawaans 288 1.8 460 159.17 748 13.1
TCTAL 3,673 1c0.0 2,012 54.8 5,685 160.0

°THE PLANNED INCREMENT IN LCCAL ANC REGIONAL PARKS SET FORTH IN THIS TABLE IS
INCLUCED IN ThHE MINIMUM, INTERMECIATE, ANDC OPTIMUM ALTERNATIVE OLTDOOR RECREA-
TICN AND RELATEC CPEN-SPACE PLAN ELEMENTS AS DESCRIBED IN THIS CHAPTER.

SCLRCE- WISCCNSIN CEPARTMENT CF NATURAL RESUURCES AND SEWRPC.

Table 10

PROPOSED ADDITIONAL PARKS AT
SELECTED POTENTIAL HIGH-VALUE
PARK SITES I[N THE MILWAUKEE
RIVER WATERSHED BY COUNTY--1990
INTERMEDIATE ALTERNATIVE OUTDOOR
RECREATION PLAN ELEMENT

ADOITIONAL PARKS

PERCENT OF

COUNTY NUMBER ACRES TOTAL ACRES
FOND DU LAC.... 3 435 9.8
MILWAUKEE. oo -- - -=
OZAUKEEeeooasae 4 1,162 26.1
SHEBOYGAN«eeowe 4 831 18.7
WASHINGTON.... ™ 7 2,021 45.4
ToTaL 18 4,449 100.0

SOURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES AND SEWRPC.
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ington County, including one in the Town of Polk,
one in the Town of Trenton, three in the Town of
West Bend, one in the Town of Barton, and one in
the Town of Kewaskum. Three of the sites are
located in Fond du Lac County, including one in
the Town of Eden and two in the Town of Auburn.
Four of the sites are located in Sheboygan County,
including two in the Town of Sherman, one in the
Town of Lyndon, and one in the Town of Scott.
Public development of such sites would provide
a greater recognition of the need to meet through
public action the increasing demand for water-
based outdoor recreational activities. The total
amount of land proposed to be acquired for these
18 high-value sites is 4,449 acres. Of this total,
3,560 acres, or 80 percent, lying within the envi-
ronmental corridors would be acquired at an esti-
mated cost of $2,917,900 for public use under the
recommended natural resource protection plan
element. The cost of acquiring the remaining
889 acres is estimated at $444,500. Thc csti-
mated cost of developing the entire 4,449 acres
is $4,449,000.

The total outdoor recreation land proposed to be
acquired under the second alternative planelement
is 6,461 acres, or 59 percent of the 10,842 acres
of land required to meet fully the forecast recrea-
tion demand. Like the first alternative, the second
alternative assumes that the demand not met
through public action will be met through private
recreation development.

Optimum Alternative Outdoor

Recreation Plan Element

The third alternative outdoor recreation and re-
lated open-space plan element prepared for the
Milwaukece River watershed included all of the
elements proposed in the first two alternative plan
elements. In addition, the third alternative plan
element proposes public acquisition in the devel-
opment of an additional 22 high-value potential
park sites within the watershed (see Map 4 and
Table 11), Eight of these additional high-value
sites are located in Ozaukee County, including
two in the City of Mequon, one in the Town of
Grafton, three in the Town of Cedarburg, one in
the Town of Saukville, and one in the Town of
Fredonia. Six of these additional high-value sites
are proposed in Washington County, including two
in the Town of Trenton, two in the Town of Polk,
one in the Town of West Bend, and one in the
Town of Farmington. Two of the proposed addi-
tional high-value sites are located in Fond du Lac
County, including one in the Town of Auburn and
one in the Town of Osceola, The remaining six
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sites are proposed to be located in Sheboygan
County, including three in the Town of Scott and
three in the Town of Sherman. The total amount
of land proposed to be acquired for these 22 sites
is 4,423 acres. Of this total, 3,092 acres, or
70 percent, lying within the environmental corri-
dors would be acquired at an estimated cost of
$3,763,100 for public use under the recommended
natural resource protection plan element. The
cost of acquiring the remaining 1,331 acres is
estimated at $665,500. The estimated cost of
developing the entire 4,423 acres is $4,423, 000.

Total outdoor recreation lands proposed to be
acquired under the third alternative plan element
are 10,884 acres. Thus, the third alternative plan
would meet and, indeed, slightly exceed the 10,840
acres of land needed to meet the forecast recrea-
tional demand. Of the required 10,840 acres,
3,213 acres, or 30 percent, are estimated to be
needed to meet the forecast recreational demand
generated by out-of-state residents.

Concluding Remarks—Alternative Outdoor
Recreation and Related Open-Space Plan Elements

The three alternative outdoor recreation devel-
opment plan elements meet, to varying degrees,
through public acquisition and development, the
forecast 1990 land use demand for recreation land
for major outdoor recreational activities. The
first alternative considered would meet about
19 percent of the total recreation land use demand
through public acquisition and development. The
second alternative would meet about 59 percent
of the total recreation land use demand through
public acquisition and development. The third
alternative would meet the entire anticipated rec-
reation land use demand through public acquisition
and development. The forecast demand includes
expected use of the watershed recreation-related

Table ||

PROPOSED ADDITIONAL PARKS AT
SELECTED POTENTIAL HIGH-VALUE
PARK SITES IN THE MILWAUKEE RIVER
WATERSHED BY COUNTY--1990
OPTIMUM ALTERNATIVE OUTDOOR
RECREATION PLAN ELEMENT

ADCITIONAL PARKS

PERCENT OF

CCOUNTY NUMBER ACRES TOTAL ACRES
FOND DU LAC.... 2 160 3.6
MILWAUKEE aeaass - - -
OZAUKEE..ccveaas 8 1,696 38.3
SHEBOYGAN.  eess 6 842 19.0
WASHINGTCNaaeoo 6 1,725 39.1
TOTAL 22 49423 1¢0.¢C

SCURCE- WISCONSIN DEPARTMENT OF NATURAL RESOURCES AND SEWRPC.



lll'!' lIIII' 'Illl' 'IIII. 'II!I. lIIII. .IIII' 'IIII' 'IIII. lIIII'

resource base by watershed residents; by resi-
dents in the remainder of the Southeastern Wis-
consin Region; and by residents outside the Region,
including residents of the populous northeastern
Illinois metropolitan region and residents of those
counties bordering the Milwaukee River watershed
on the north and the west. The relative effective-
ness of the three alternative outdoor recreation
plan elements in meeting the watershed develop-
ment objectives and standards relating to park
and recreation lands is summarized in Table 12.

It is not anticipated that the forecast 1990 recrea-
tional demand will be lessened to any significant
degree by any failure to provide the necessary
outdoor recreation land within the watershed.
Instead, such failure would result in overcrowding
and overuse of the facilities provided, in serious
conflicts between user demands, and either in the
deterioration and destruction of the recreation-
related natural resources where the outdoor rec-
reation areas are located and upon which they
depend for their value or will require that limita-
tions be placed on the use of the available public
park lands. It is, therefore, recommended that
the third, or optimum, alternative outdoor recrea-
tion and related open-space plan element, as
described above, be included as an integral part
of the comprehensive Milwaukee River watershed
plan. This plan element would provide an addi-
tional 10,884 acres of public outdoor recreation
land in the watershed and would fully meet the
forecast recreational demand. Of the total of
10, 884 acres of additional outdoor recreation land

recommended to be acquired, 7,997 acres, or
about 73 percent, would be acquired at an esti-
mated cost of $9,975, 900 under the recommended
natural resource protection plan element. An
additional 335 acres would be acquired at no cost
through dedication during subdivision develop-
ment. The cost of acquiring the remaining 2,200
acres is estimated at $1,110,000. The estimated
cost of developing the entire 10,884 acres is
$16,573,000.

In making this recommendation, it is fully recog-
nized that private recreational development has
been and will continue to play an important role
in meeting outdoor recreation demands within the
watershed. The future extent of such private out-
door recreation development cannot, however, be
reliably forecast. It is known that, at the present
time, about 13 percent of the developed recrea-
tion land in the watershed devoted to the five
major outdoor recreational activitics upon which
the 1990 forecast demand for outdoor recreation
land is based is in private ownership and opera-
tion. This level of private activity may continue
in the future. To the extent that it does, it will
reduce the need to publicly acquire and develop
the needed land. Thus, in a very real sense,
the recommended outdoor recreation plan ele-
ment is conservative in nature because imple-
mentation of the recommended plan, eventually
through public acquisition programs, but initially
through land reservation by sound zoning and
official mapping measures, will ensure that the
best remaining outdoor recreation sites within

Table 12

COMPARISON OF THE RELATIVE ABILITY OF THE ALTERNATIVE OUTDOOR RECREATION

PLAN ELEMENTS TO MEET ADOPTED DEVELOPMENT STANDARDS

CBJECTIVE

MINIMUM ALTERNATIVE CULTDCCR
RECREATICN PLAN ELENENT

INTERMEDIATE ALTERNATIVE OUTCOOR
RECREATICN PLAN ELEMENT

OPTIMUM ALTERNATIVE OUTDCOR
RECREATION PLAN ELEMENT

PARK AND RECREATICN-RELATEC STANCARDS®
PARK ANC RECREATICN LANC ALLOCATION

A
B.

C.
D.
E.
F.
G

LCCAL==1.C0 ACRE/100 ALCED POPULATION.eeoes
REGICNAL--0.40 ACREY1CO ACDEC POPULATION...
SWIMMING--0.45 ACRE/L100Q PARTICIPANTS.eaaaas
PICNICKING=--12.50 ACRES/100 PARTICIPANTS...
GOLFING--32.79 ACRES/100 PARTICIPANTS..
CAMPING--133.33 ACRES/10C PARTICIPANTS.
SKIING==3.70 ACRES/100 PARTICIPANTS.eesanes

1.25 ACRES/100P
0.63 ACRE/100¢
PARTIALLY METH
PARTIALLY METE
PARTIALLY METH
PARTIALLY METY
MET CN EXISTING ACRESS

1.25 ACRES/100b

0.63 ACRE/100¢

CCULE BE MET®

CCULC BE MET®
PARTIALLY METd
PARTIALLY METY

MET CN EXISTING ACRES

1.25 ACRES/100b

0.63 ACRE/100°¢

MET

MET

MET

MET

MET ON EXISTING ACRES

GTHE INDICATED STANCARCS ARE SET FCRTH IN FULL IN CHAPTER 11 OF THIS VCLUME.

PADDITIONAL LCCAL AREAS ASSIGNEC TC MAKE UP CEFICIT BETWEEN EXISTING LCCAL PARK ACRES AND EXISTING POPULATION.

CACOITIONAL REGICNAL ACRES ASSIGNEDC BECAUSE CF MILWAUKEE RIVER WATERSHED'S HIGH PRCPORTION OF THE REGION'S PRIME REGIONAL RECREATION SITES.

dACTIVITY NEEDS WCULC PE PARTIALLY MET RY LOCAL ANC REGIONAL DETAILED PARK DEVELOPMENT.

©ACTIVITY NEEDS COULD BE MET BY PLAN CESIGN WHICH FOCUSES CN WATER-QRIENTED PARK SITES, CETAILEC DESIGN OF THESE PARK SITES COULD PRCVIDE THESE
ACTIVITIES.

#SKIING DEMAND CURRENTLY BEING MET BY EXISTING COMMERCIALLY OPERATED SKI AREAS.

SCQURCE- SEWRPC.

49



the watershed are preserved for recreational
development, whether ultimately that develop-
ment is accomplished through public or private
investment.

It is important to note that, if the Waubeka multi-
purpose reservoir alternative flood control plan
element, as presented in Chapter IV of this
volume, is included in the recommended compre-
hensive plan for the Milwaukee River watershed,
it would affect the intermediate and optimum, but
not the minimum, outdoor recreation and open-
space plan elements described in this chapter.
Construction of the Waubeka Reservoir would, by
providing opportunities for the development of
multi-purpose outdoor recreation sites on the
reservoir shoreline, in effect create new high-
value potential park and related open-space sites
within the watershed. With respect to the inter-
mediate outdoor recreation plan alternative, it is
expected that 6 of the 18 high-value outdoor rec-
reation sites, totaling 1,240 acres, designated for
development would be eliminated infavor of fewer,
but better and larger, alternative sites along the
Waubeka Reservoir shoreline, thus reducing the
total cost of acquiring the high-value outdoor rec-
reation sites by $620, 000. Similarly, construction
of the Waubeka Reservoir would affect the third
alternative outdoor recreation and open-space
plan element by eliminating the need to construct
6 of the 22 recommended selected additional park
sites, totaling 866 acres, in favor of better alter-
nate development on, or adjacent to, the Waubeka
Reservoir shoreline, thus reducing the total cost
of acquiring the additional park sites by $433, 000.
Map 5 indicates the locations where such out-
door recreation development could be suitably
accommodated along the shoreline of the Wau-
beka Reservoir (see also Appendix D).

ALTERNATIVE PARKWAY AND
SCENIC DRIVE PLAN ELEMENTS

As noted in Chapter XIV, Volume 1, of this report,
pleasure driving constitutes the most popular out-
door recreational activity in the Milwaukee River
watershed, with a forecast 1990 total participant
demand on an average seasonal Sunday of about
124,000 persons, an increase of about 68 percent
over the estimated current (1967) total of 74,000
participants. It is important, therefore, to con-
sider parkway and scenic drives as an integral
part of the recreation and recreation-related ele-
ments of the comprehensive watershed plan for
the Milwaukee River watershed.
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It is important in this respect to distinguish
between a parkway pleasure drive and a scenic
pleasure drive. A parkway pleasure drive is
defined for the purposes of this report as a non-
arterial roadway usually established in an elon-
gated area of publicly owned park land along
lakeshore, stream valley, or ridge lines and
intended to provide scenic continuity by linking
major outdoor recreation areas within a total park
and recreation system, while at the same time
preserving in open-space uses lands, suchas natu-
ral floodplains, which should not be developed for
intensive urban uses.’ Milwaukee County has one
of the best and most extensive parkway systems in
the United States, a system that includes a park-
way pleasure drive along the Milwaukee River
from E. Capitol Drive in the Village of Shorewood
to Green Tree Road in the City of Glendale. It is
also important to note the distinction being made
in this report between a '"parkway pleasure drive,"
and a "parkway.' A parkway pleasure drive is an
actual roadway intended to carry traffic through
a linear parkway. Thus, the term ''parkway" is
defined in this report as the linear strip of park
and open-space land through which parkway plea-
sure drives may be located. Parkways should,
by design, seek to encompass all of the primary
environmental corridor lands within urban areas
but do not always have to include parkway pleasure
drives in order to meet the intended objective.

While parkway pleasure drives, as defined above,
are certainly scenic, the term 'scenic pleasure
drive" is, for the purpose of this report, reserved

51t should be noted that the definition of a parkway plea-
sure drive, as used in this report, is quite different than
the more common definition of a parkway drive as a special-
purpose arterial highway limited to noncommercial traffic
with full or partial control of access located within a park
or ribbon-like area of a park. Lincoln Memorial Drive
within the Milwaukee area is an example of an arterial
parkway, while Estabrook Park Drive is an example of a park-
way pleasure drive as these two terms are defined and used
herein. One of the primary purposes of both the parkway
pleasure drive, as defined in this report, and the parkway
drive, as more commonly defined, is to preserve and protect
the natural resource base by preserving native ground cover,
woodland and wetland areas, and such features as historic
sites and scenic overlooks. Both can serve to provide open
green space within a city, preserve and protect watercourses
and lake shorelines for public use, provide rights-of-way
for trunk sewers and water mains, and serve to enhance abut-
ting property values. Both may also provide locations for
certain kinds of recreational facilities, such as bridle
paths and bicycle and hiking trails.



Map 5

IMPACT OF THE WAUBEKA RESERVOIR ON THE OUTDOOR
RECREATION SITES AS PROPOSED IN THE 1990
ALTERNATIVE OUTDOOR RECREATION PLAN ELEMENTS
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Should the Waubeka multiple-purpose reservoir alternative flood
control plan element be included in a recommended comprehensive
plan for the Milwaukee River watershed, it would affect the inter-
mediate and optimum, but not the minimum, alternative outdoor
recreation and open space plan elements. Construction of the
Waubeka Reservoir would create a new hlgh-value potential park and
related open space sites within the watershed, These sites would
be located on the reservoir shoreline and could provide multiple-
purpose recreation areas with a heavy emphasis on water-oriented
recreational activities. Those sites which would be eliminated
in the intermediate and o?timum alternative plan elements in favor
of fewer, but better and larger, sites along the Waubeka Reservoir
shoreline are shown on this map.

Source: SEWRPC.



for marked routes over existing roadways that tra-
verse aesthetically pleasing geographical areas,
including areas of topographic, vegetative, and
geological interest, as well as areas that contain
clusters of significant cultural and historic sites.
An example of a marked scenic drive in the Mil-
waukee River watershed is the state-established
Kettle Moraine Scenic Drive. In general, then,
scenic drives are appropriately established in
rural areas, while parkway drives are more
appropriately established in urban areas.

Alternative Parkway Drive Plan Elements

Three alternative parkway pleasure drive plan
elements were considered for the Milwaukee River
watershed. Each alternative adds to the existing
and committed Milwaukee River Parkway Drive
in Milwaukee County from Capitol Drive through
Estabrook Park north to Good Hope Road. These
three alternatives are:

1. Construction of a Milwaukee River Park-
way as an arterial highway facility from
the Juneau Interchange of the Lake and
Park Freeways to the proposed Bay Free-
way-North-South Freeway Interchange, as
recommended inthe adopted regional trans-
portation plan, and as a parkway pleasure
drive from Lincoln Park north to Good
Hope Road.

2. Construction of a parkway pleasure drive
from Lincoln Memorial Drive near the
McKinley Marina to Capitol Drive and
Estabrook Park, thus providing for a con-
tinuous parkway pleasure drive along the
Milwaukee River from Lincoln Memorial
Drive to Good Hope Road.

3. Construction of a parkway pleasure drive
along the Milwaukee River north of Good
Hope Road, through the Village of River
Hills and the City of Mequon, to the Village
of Grafton which, when combined with the
previous alternative, would provide for
a continuous parkway pleasure drive from
Lincoln Memorial Drive north to the Vil-
lage of Grafton.

Each of these three alternatives is further de-
scribed in the following discussion.

Milwaukee River Parkway Arterial (Regional
Transportation Plan): The adopted regional trans-
portation plan recommended that an arterial park-
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way facility be constructed in the Milwaukee River
corridor from the Juneau Interchange of the Park
and Lake Freeways to the Hampton Interchange
of the Bay and North-South Freeways (see Map 6).
This recommendation was made after careful
study and evaluation of alternatives, which ranged
from an attempt to meet the growing traffic
demand in the major north-south traffic corridors
through the Milwaukee area entirely on standard
surface arterials to an attempt to meet such
traffic demand in part by the provision of a
Milwaukee River freeway facility located along the
Milwaukee River from the Juneau Interchange to
the Hampton Interchange.

The recommended arterial parkway along the
Milwaukee River was envisioned as a four-lane
divided facility constructed in a ribbon-like area
of park development on a 130 foot right-of-way,
carefully designed and fitted to the landscape along
the Milwaukee River valley. Such a parkway was
to be designed to provide operating speeds of
35 miles per hour and a capacity of about 4C, 000
vehicles per day, with both the recommended
operating speed and capacity being substantially
less than corresponding freeway speeds and capa-
cities. The arterial parkway was included as
a recommended facility in the adopted regional
transportation plan in order to reduce the antici-
pated 1990 congestion on the existing North-
South Freeway and, more importantly, on the
local arterial street system in the northeasterly
portion of Milwaukee County. The provision of
such an arterial parkway was intended to strike
a balance between the reduction of freeway and
local street system traffic congestion and the
disruptive effects of freeway construction on the
Milwaukee River valley, greatly reducing the
impact of a heavy traffic carrier on an important
primary environmental corridor while providing
direct access to an important potential recrea-
tional asset.

It was recommended in the adopted regional trans-
portation plan that the proposed Milwaukee River
Parkway be built and maintained by the Milwaukee
County Park Commission, and no commercial
traffic in the form of trucks was to be allowed to
use the facility. It was proposed, however, to
allow buses to use the proposed parkway facility
during weekdays in order to provide a high level
of transit service as an integral part of a regional
rapid and modified rapid transit system to the
University of Wisconsin-Milwaukee Campus and
adjacent areas.
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The Milwaukee County Park Commission began
almost immediately after adoption of the regional
transportation plan to implement the proposed
Milwaukee River Parkway plan element. Pre-
liminary landscape, architectural, and engineering
plans were prepared by a consultant retained for
this purpose by the County Park Commission.®
At subsequent public hearings on the preliminary
parkway plans, however, adamant and vociferous
opposition developed on the part of individual citi-
zens and organized groups from within the neigh-
borhoods bordering the proposed parkway who
felt themselves adversely affected by the proposed
facility. This opposition had not been expressed
at any of the 11 public hearings previously held
by the Regional Planning Commission prior to
adoption of the regional transportation plan and is
assumed to reflect changing community values and
an apparent decision by those individuals living in
the Milwaukee River corridor area to accept, in
the alternative to the Milwaukee River Parkway,
the effects of existing and anticipated future traf-
fic congestion on the local street system. The
Commission was, accordingly, notified by the
Milwaukee County Park Commission that it was
suspending all work on the arterial parkway pro-
posal pending a reevaluation of the arterial park-
way in conjunction with a reevaluation by the
Regional Planning Commission of the proposed
Bay Freeway, requested by the Milwaukee County
Expressway and Transportation Commission. The
Regional Planning Commission is currently under-
taking such a reevaluation. Pending the final
results of such an investigation, however, the
Commission directed that the Milwaukee River
Watershed Committee proceed with the develop-
ment of a comprehensive watershed plan, con-
sidering at least two alternatives with respect to
the Milwaukee River corridor; namely, the Mil-
waukee River Parkway as an arterial parkway and
the Milwaukee River Parkway as a pleasure drive
parkway facility.

Milwaukee River Parkway Drive—Lincoln Memo-
rial Drive to Geod Hope Road: The second alter-
native parkway drive plan element considered is
the construction of a parkway pleasure drive from
LincolnMemorial Drive near the McKinleyMarina,
to and along the Milwaukee River valley, joining

6Pre1iminary Design Report, Milwaukee River Parkway, Mil-
waukee County, Wisconsin, (Draft), Vollmer Associates, New
York, New York, May 1969.
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the existing Estabrook Park Drive at its intersec-
tion with Capitol Drive in the Village of Shorewood
(see Map 7). Such a parkway pleasure drive would
not be a divided facility; would be designed for
operating speeds of 25 miles per hour; and would
not be intended to serve heavy volumes of through-
trips, except for pleasure trips. It is proposed,
however, that such a parkway pleasure drive be
utilized as a route for buses to serve the Univer-
sity of Wisconsin-Milwaukee Campus area, thus
preserving to a limited degree the service concept
contained in the recommended regional rapid and
modified rapid transit system. This parkway
alternative would, when combined with existing
and committed parkway drives, provide for a con-
tinuous pleasure drive from the mouth of the Mil-
waukee River along the Lake Michigan shoreline
to a point near the McKinley Marina and along the
Milwaukee River to Good Hope Road, a total dis-
tance of 8.6 miles. Total length of the proposed
new parkway drive, not including already con-
structed segments, is about 2.4 miles. Estimated
construction costs are $240,000 per mile, or
a total of $576, 000.

Milwaukee River Parkway Drive—Good Hope Road
to Grafton: The third alternative parkway drive
plan element considered is the construction of
a continuous parkway pleasure drive along the
Milwaukee River from its present terminus near
Good Hope Road in the City of Glendale north to
the Village of Grafton (see Map 8). This alter-
native plan element, when combined with the
existing Milwaukee River Parkway, the existing
Estabrook Park Drive, and the parkway pleasure
drive facility described in the preceding alterna-
tive, would provide a continuous parkway pleasure
drive from the Lake Michigan shoreline along the
Milwaukee River to the Village of Grafton, a total
distance of 22.2 miles. In some cases existing
connecting streets would be utilized because the
already intensive development along the shoreline
of the river precludes full parkway development.
The proposed route would follow Good Hope, Green
Bay, and Range Line Roads for a distance of
2.1 miles to a point just north of the Milwaukee
River, where a new parkway pleasure drive
facility would begin. This section of new parkway
pleasure drive would continue through the Village
of River Hills to the Milwaukee-Ozaukee County
line, a distance of 1.7 miles, of which 0.2 mile
would be routed over existing Upper River Road.
From there the parkway pleasure drive wcould
be routed over River Road for a distance of
3.0 miles, to a point just south of the Milwau-
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Map 8 (continued)
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Map 8 (continued)
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kee River, crossing the River on a new struc-
ture. From this point the parkway pleasure drive
would join Freistadt Road for a distance of about
1.2 miles, at which point a new parkway facility
would begin again. A connection would be made
with Shoreland Parkway and Highland Road, cross-
ing the River on an existing structure. From this
point a new facility would follow the Milwaukee
River all the way into the Village of Grafton,
crossing the river on anew structure in Section 36
of the Town of Cedarburg, where it would connect
with local streets and terminate at STH 60. The
total length of the Good Hope Road-to-Grafton
segment of this alternative parkway is 14.9 miles,
of which 7.0 miles would be entirely new parkway
and 7.9 miles, connecting streets. The estimated
construction cost of the new parkway drive is
$240,000 per mile, or a total of $1,680,000. The
estimated cost of constructing the two new bridges
across the Milwaukee River is $550, 000, resulting
in a total cost for this alternative of $2,230,000.
All land needed for consiruction of the new park-
way pleasure drives would be acquired under the
natural resource protection plan element.

Scenic Drive Plan Elements

In conjunction with the parkway pleasure drive
plan elements just described, it is proposed that
a system of scenic pleasure drives be established
in the watershed (see Map 9). Such scenic plea-
sure drives, which would be appropriately signed
and publicized, would begin at the terminus of the
parkway pleasure drives either at Good Hope Road
in the City of Glendale or at STH 60 in the Village
of Grafton, depending on which alternative park-
way drive plan element is included in the recom-
mended comprehensive watershed plan. One major
scenic drive, the Kettle Moraine Scenic Drive,
already exists in the watershed for a distance of
nearly 35 miles. It is proposed that the following
additional scenic drives be established and linked
to the Kettle Moraine Scenic Drive:

1. A primary Milwaukee River Scenic Drive,
totaling about 59 miles, which would follow
the Milwaukee River from Glendale north
to Fredonia, From Fredonia, the drive
would branch into two sections, one leading
west to West Bend and the Paradise Valley
area along the main stem of the Milwaukee
River and joining the Kettle Moraine Scenic
Drive just northwest of West Bend and the
other following the North Branch of the
Milwaukee River and Stony Creek, joining
the Kettle Moraine Scenic Drive at New

Fane., One short segment of new roadway
would have to be constructed; namely, the
northerly extension of W, Shoreland Road
to Bonniwell Road in the City of Mequon,
a distance of 0.3 milc.

2. A network of secondary Milwaukee River
Scenic Drives, totaling nearly 94 miles,
as shown on Map 9, including one along
Cedar Creek from Grafton to Slinger, pass-
ing through the Jackson Marsh; one from
Horns Corners to Newburg along the west-
ern boundary of the Cedarburg Bog; one
from Fredonia along the North Branch
of the Milwaukee River to Cascade; one
from Cascade to the Kettle Moraine Scenic
Drive, providing access to the Old Wade
House state historic site located in the
unincorporated Village of Greenbush out-
side the watershed; and one from Dundee
through the Campbellsport drumlin area
and joining another secondary drive from
New Fane before leading to the Horicon
Marsh Wildlife Preserve located outside
the watershed.

Areas or sites of historical and cultural signifi-
cance, as well as sites of scenic and scientific
interest, located adjacent to or near the proposed
scenic drives would serve to enhance the pleasure
driving and sightseeing activities. A total of
81 such sites lie on, or in proximity to, the pro-
posed scenic drive system, as shown on Map 9 and
as described in Table 13.

Concluding Remarks—Parkway and

Scenic Drive Plan Elements

It is recommended that the following combination
of parkway pleasure drives and scenic pleasure
drives be included in the comprehensive plan for
the Milwaukee River watershed: 1) a new parkway
pleasure drive from Lincoln Memorial Drive near
the McKinley Marina to and along the Milwaukee
River valley to a junction with the existing Esta-
brook Park Drive at its intersection with Capitol
Drive in the Village of Shorewood; 2) the existing
Estabrook Park Drive and Milwaukee River Park-
way northerly to its committed terminus at Good
Hope Road; and 3) a system of primary and sec-
ondary Milwaukee River Scenic Drives, as shown
on Map 9, beginning at the northerly terminus of
the Milwaukee River Parkway in the City of Glen-
dale and extending throughout the watershed, with
connections to the existing and long-established
Kettle Moraine Scenic Drive. The recommended
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Map 9

PROPOSED SCENIC DRIVES
IN THE MILWAUKEE RIVER WATERSHED
1990
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A system of scenic pleasure drives should be established in the
Milwaukee River watershed to assist in accommodating the antici-
pated increase in pleasure driving, the most popular outdoor rec-
reational activity the Milwaukee River watershed. The scenic
pPleasure drive system shown on this map would be appropriately
signed and publicized and would supplement the existing and very
popular Kett]e Moraine Scenic Drive. The scenic drive system
would pass near about 80 sites of historic, cultural, scenic, and
scientific interest, thus serving to enhance the pleasure driving
and sightseeing activities.

Source: SEWRPC.
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Table 13

HISTORIC, SCENIC, AND SCIENTIFIC

SITES IN PROXIMITY TO PROPOSED

SCENIC DRIVES IN THE MILWAUKEE
RIVER WATERSHED--1964

SITE LOCATION
NUMBER®[ TWN|RGE [SEC NAME OR DESCRIPTION DATE
1 9 | 21| 35| TRINITY EVANGELICAL LUTHERAN CHURCH 1853
2 9 | 21| 26| BUTCHER SHOP AND I[CEHOUSE -
3 9 | 21| 27| OPITY & ZIMMERMAN BREWERY 1857
4 9 | 21| 27| LANDMARK TAVERN 1845
B 9 | 21| 23| SEYFERTS DRUG STORE 1875
6 9 | 21| 23| MILL DAM HEADGATES 1842
7 9 | 21| 23| OLD SCHOOL -
8 9 | 21| 23| THEIRMANN HOUSE 1870
9 9 | 21| 23| ZIMMERMAN STORE -
10 9 | 21| 23| STONE HOUSE
11 9 | 21| 23| JOHN WESTON HOME - 1ST SETTLER IN AREA 1837
12 9 | 21| 15| INDIAN VILLAGE -
13 9 | 21 | 15| INDIAN GRAVES -—
14 9 | 21| 14| HENRY HAYSSEN HOUSE 1847
15 9 | 21| 13| HOLSTEIN SCHOOL -
16 9 | 21| 24| CHURCH 1901
17 9 | 22| 29| OCTAGONAL BARN -
18 9 | 22 | 20| OCTAGONAL BARN -
19 9 | 22| 17| OCTAGONAL BARN -
20 9 | 22| 8| OCTAGONAL BARN -
21 9 | 21| 6| UCTAGONAL BARN --
22 9 | 21| 6| OCTAGONAL BARN -
23 9 | 21| 1| WOODWORTH FARM -
24 10 | 21 | 35| TURNER HALL C.1860
25 10 | 21| 35| OLD MILL --
26 10 | 21 | 35| HAMILTON-NEW DUBLIN IRISH SETTLEMENT --
27 10 | 21| 25| LIME KILNS ON MILWAUKEE RIVER -~
28 10 | 21 | 24 | BLACKSMITH SHOP -
29 10 | 21 | 24| GRAFTON WOOLEN MILLS -~
30 10 | 21 | 24 | WOODS HOTEL -
31 10 | 21 | 13 | RAYMOND VAN LONGENS HOME -
32 10 | 21 | 15| COVERED BRIDGE -
33 10 | 21| 4| OCTAGONAL SCHOOL --
34 11 | 21| 32 | CEDARBURG BOG --
35 10 | 21| 1| RUINS OF UNION STEEPLE CATHOLIC CHURCH -
36 Il | 21 | 35| SAUKVILLE SETTLEMENT -
37 11 | 21| 27| HWY 33-MILITARY ROAD -
38 11 21 24 | DAM AND SPILLWAY OF OLD MILL SITE -
39 11 | 21| 5| ST. FINBARS SETTLEMENT -
40 11 | 21| 3| LOG CABIN --
41 12 | 21 (33| CIGRAND BIRTHPLACE --
42 12 | 21 | 28 | CIGRAND MEMORIAL -
43 12 | 21| 28| MILL AND DAM -
44 12 | 21| 28| STONEY HILL SCHOOL --
45 12 | 21 | 28 | ROBERT COOLEY HOME --
46 12 | 21| 29| INDIAN VILLAGE SITE --
47 12 | 21 | 30| INDIAN MOUNDS --
48 12 | 21 | 19 | HALF TIMBER HOUSE -
49 12 | 21 | 19| LITTLE KOHLER -
50 12 | 20 | 13| KESSIG HOTEL 1860
51 12 20 | 24 | TURNER HALL -
52 12 | 20| 14| AURIG FARM~CAULDRON BAKE OVEN  SMOKE HOUSE| --
53 11 | 20 | 14| LAND OWNED BY DANIEL WEBSTER 1838
56 11 20 15 | HASHEX BARN 1860
55 10 | 20| 2| OLD COUNTY HOME 1844
56 10 | 20| 9| JACKSON MARSH --
57 10 | 19 | 11| COACH STOP--HALFWAY POINT BETWEEN MILWAUKEE
AND FOND DU LAC 1846
58 10 | 19| 2| STAGE ROUTE --
59 10 | 19 | 10 | CEDAR CREEK POST OFFICE 1860
60 10 | 19| 5| CEDAR LAKE YACHT CLUB 1884
61 10 | 19 | 31 | CEDAR LAKE-—ROSENHEIMER RECREATION AREA 1884
62 11 | 19| 33 | WOLFRUM--PRIVATE PICNIC GROUNDS 1850
63 1L | 19| 24 | LOG SHANTY-=-FIRST IN WEST BEND 1845
64 11 | 19| 24 | WEST SIDE SHOOTING PARK 1868
65 11 | 19| 13| LITHIA COMPANY--WEST BEND EAGLE BREWERY 1850
66 11 | 19 | 14| COURT HOUSE SQUARE 1854
67 11 | 19| 3| FIRST RURAL ELECTRIC POWER
TRANSMISSION LINE IN WISCONSIN 1919
68 12 | 19| 35| YOUNG AMERICA SETTLEMENT 1845
69 12 | 19 | 35| SALISBURY MILL 1845
70 12 | 19| 12| ST. MICHAELS CHURCH 1848
71 13 | 19 | 36 | COVERED BRIDGE -
72 13 | 19 | 23| PIONEER CHURCH -
73 13 | 19| 13| LOCAL FESTIVAL CELEBRATION -
74 13 | 19 | 11| LOCAL FESTIVAL CELEBRATION --
75 14 | 19 | 25| OLD MILL -
16 13 | 18| 3| ICE AGE RESERVE CAMPBELLSPORT DRUMLIN UNIT-
SCENIC OVERLOOK -
77 14 | 18| 33| ICE AGE RESERVE CAMPBELLSPORT DRUMLIN UNIT-
SCENIC DVERLOOK -
78 14 | 20 | 20 | OLD CEMETERY -
79 13 | 21| 5| HISTORICAL MARKER --
80 13 | 21 [ 17| oLD MILL --
81 13 | 21 { 30| OLD FORT --
9SEE MAP 9.

SOURCE- SEWRPC.

system of parkway and scenic drives would provide
the facilities necessary to meet the anticipated
1990 recreational activity demand for pleasure
driving and sightseeing.

SUMMARY

The amount of land devoted to urban use within the
Milwaukee River watershed is forecast to increase
from the present (1967) total of about 102 square
miles, or about 15 percent of the total area of the
watershed, to about 133 square miles, or about
19 percent of the total area of the watershed, by
1990, It is extremely important that this new
urban development be related sensibly to soil
capabilities; to long-established utility systems;
to the delineated floodlands of the Milwaukee
River system; and to the wetland, woodland, and
surface water resources of the watershed. If such
new urban development is not so related, the
already severe developmental and environmental
problems of the watershed may be expected to
continue to intensify.

The recommended land use plan element forms
the basic element of the comprehensive water-
shed plan. With respect to that portion of the
Milwaukee River watershed lying within the South-
eastern Wisconsin Region, the watershed land use
plan is set within the context of, and reflects the
concepts and recommendations contained in, the
adopted regional land use plan. With respect to
that portion of the Milwaukee River watershed
lying outside the Southeastern Wisconsin Region,
the watershed land use plan is an entirely new
plan element prepared under the Milwaukee River
watershed study. As such, it represents both
a conscious extension of the adopted regional land
use plan and the concepts and development objec-
tives underlying that plan to those areas of the
Milwaukee River watershed adjacent to the Region
and an integration of those concepts and develop-
ment objectives with the concepts and development
objectives expressed in planning work currently
being conducted at the county level in Fond du Lac
and Sheboygan Counties. The adopted regional and
watershed development objectives and standards
serve, in effect, to control the 1990 spatial dis-
tribution of land uses within the watershed in
order to achieve a safer, more healthful, pleasant,
and efficient land use pattern, while meeting the
gross land use demand requirements set forth
above. Thus, the land use plan element empha-
sizes efficient utility services, cohesive urban
development on suitable soils, preservation of
prime agricultural lands, preservation of unique
resource areas, and protection of floodplain areas
from urban encroachment.
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Under the recommended watershed land use plan
element, residential development would be chan-
neled into low-, medium-, and high-density resi-
dential areas properly located with respect to
the natural resource base elements and public
utility service areas. In addition, prime agricul-
tural lands, environmental corridor areas, and
potential park sites would be protected from
incompatible development. Specific regulations
would govern the use of shorelands and flood-
lands. Existing land uses and structures not
developed in conformance with these proposals
would be considered nonconforming, and regula-
tions would provide for their eventual discontinu-
ance or removal. The attainment of a sound land
use pattern throughout the watershed, as well as
within the riverine areas, is thus made a basic
objective of the comprehensive watershed plan.

In the adaptation, refinement, and detailing of
the adopted regional land use plan for the Mil-
waukee River watershed, three alternative natural
resource protection plan elements and three alter-
native outdoor recreation and related open-space
plan elements were considered. The resource
protection plan element recommended for incor-
poration into the comprehensive watershed plan
is the third such alternative presented in this
chapter. This alternative recommends the public
acquisition for resource conservation, recrea-
tion, and related open-space purposes of all of
the remaining undeveloped primary environmental
corridors of the watershed lying within those
areas of the watershed expected to be in urban
use by 1990; of all of the remaining undeveloped
environmental corridor lands along the main stem
of the Milwaukee River; and of certain sclccted
additional environmental corridor lands contain-
ing high-value woodlands and wetlands throughout
the watershed.

This plan element would serve to permanently
protect through public acquisition 7,269 acres of
woodlands, or nearly 10 percent of the remaining
woodlands of the watershed, covering about 2 per-
cent of the total watershed area, and 22,603 acres
of wetlands, or slightly over 31 percent of the
remaining wetlands in the watershed, covering
nearly 5 percent of the total watershed area. This
plan element would also serve to permanently
protect through public acquisition a total of 41,584
acres, or over 41 percent of the primary environ-
mental corridors of the watershed, covering over
9 percent of the total watershed area, of which
9,847 acres would be within areas expected to be
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in urban use by 1990, The remaining primary
environmental corridors of the watershed lying
in areas expected to remain in rural use through
1990 would be protected through appropriate agri-
cultural, shoreland, floodland, conservancy, and
low-density residential zoning,

The outdoor recreation and related open-space
plan alternative recommended for incorporation
into the comprehensive Milwaukee River water-
shed development plan is the third alternative
presented in this chapter. It recommends the
acquisition of 10,884 acres of park and related
open-space land for public use to fully meet the
total 1990 forecast outdoor recreational demand
within the watershed. Of this total, 7,329 acres,
or about 67 percent, are located within primary
environmental corridor areas proposed to be
acquired for public use under the recommended
natural resource protection plan element. Con-
sequently, implementation of the natural resource
protection plan element would serve to signifi-
cantly implement the recommended outdoor rec-
reation plan element. Encompassed within this
total land area are 674 acres for the development
of two new regional parks in the watershed and
1,338 acres for the development of neighborhood
and community parks as urban development pro-
ceeds within the watershed.

Under the recommended outdoor recreation and
related open-space plan, the total recreational
user demand in the watershed would be met and
damaging overuse of the facilities and the con-
comitant damaging effect on the resource base
thereby avoided. Not only would the residents of
the Region and the watershed be provided with
sufficient recreation areas to meet their day-to-
day needs, but such needs would be met without
extensive conflict between the recreation users
within the watershed.

Three alternative parkway drive plan elements
were considered in the preparation of the compre-
hensive plan for the Milwaukee River watershed.
These three alternative parkway drive elements
include the construction of a Milwaukee River
Parkway as an arterial highway facility, as rec-
ommended in the adopted regional transportation
plan; the construction of a nonarterial parkway
pleasure drive along the Milwaukee River from
Lincoln Memorial Drive to the existing Estabrook
Park Drive; and the construction of a nonarterial
parkway pleasure drive along the Milwaukee River
north of Good Hope Road to the Village of Grafton.



In addition to these three alternative parkway
drive plan elements, a system of primary and
secondary scenic pleasure drives was proposed
which, when combined with the parkway drive plan
elements, would provide the facilities necessary
to meet the anticipated 1990 recreational activity
demand for pleasure driving and sightseeing.

The system of parkway and scenic pleasure drives
recommended to be included in the comprehensive
plan for the Milwaukee River watershed consists
of a new parkway pleasure drive from Lincoln
Memorial Drive near the McKinley Marina to and

along the Milwaukee River valley to a junction with
the existing Estabrook Park Drive; the existing
Estabrook Park Drive and Milwaukee River Park-
way northerly to its committed terminus at Good
Hope Road; and a system of primary and second-
ary Milwaukee River scenic drives beginning at
the northerly terminus of the Milwaukee River
Parkway in the City of Glendale and extending to
points throughout the watershed. This system of
parkway and scenic pleasure drives will provide
the continuity necessary to accommodate antici-
pated 1990 demand for pleasure driving as an
outdoor recreational activity in the Milwaukee
River watershed.
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Chapter IV

ALTERNATIVE FLOOD CONTROL PLAN ELEMENTS

INTRODUCTION

As urban development within the Milwaukee River
watershed continues, the problems and monetary
losses associated with flooding can, in the absence
of a sound flood-damage control program, be
expected to increase. Because of the relatively
large amount of lake, wetland, and floodplain
storage area still present in the watershed, the
Milwaukee River system, as it exists today, does
not generate the very high peak flood flows that
have occurred on the river systems of other
watersheds in Wisconsin. Although major flood
peaks generated in the Milwaukee River watershed
by spring snowmelt are not expected to increase
in size, the continued loss of wetland and flood-
plain storage, which can be expected to accompany
continued development of riverine areas within
the watershed, and the increased runoff potential
resulting from areawide urban development may
be expected to combine to increase both the size
of, and the damage produced by, summer rainfall
floods. Because urbanization increases both the
volume and the rate of storm water, because flood-
plain storage is so vital in reducing flood peaks,
and because sound landuse development inrelation
to the riverine areas of the watershed is so essen-
tial to the prevention of flood damage, the basic
flood control element in any comprehensive plan
for the watershed must consist of proposals for
sound land use development, not only in the river-
ine areas, but in the watershed as a whole. Such
land use proposals are set forth for the Milwaukee
River watershed in Chapter III of this volume,

This chapter describes the structural and non-
structural flood control plan elements that were
considered in the Milwaukee River watershed
study as possible adjuncts to the basic land use
development proposals advanced to facilitate the
attainment of regional and watershed development
objectives. These flood control plan elements are
considered subordinate to the basin-wide land use
plan elements, and their incremental benefits and
costs can be separated from those of the basin-
wide land use plan element. All of the flood con-
trol plan elements can be incorporated into any
of the land use plan alternatives considered,
although some are unnecessary with certain land
use plan alternatives.

Three basic types of structural flood control mea-
sures—reservoir construction, levee construction
and channel improvement, and diversion of flood-
waters to Lake Michigan—were considered. These
three basic types of structural measures were
used to develop six distinct alternative structural
flood control plan elements. Analysis indicated
that four of these structural alternative plan ele-
ments could provide both urban and agricultural
flood-damage reduction along relatively long chan-
nel reaches of the stream system. A description
of each of the six alternative structural plan
elements is presented in this chapter, along
with a discussion of the anticipated performance,
an evaluation of the attendant costs and benefits,
and an evaluation of the effect of the proposal
on watershed development objectives and stan-
dards. The multiple-use potential of each reser-
voir alternative is identified, with particular
emphasis placcd upon streamflow augmentation,
water-oriented recreation, improvement of fish
and wildlife habitat, and municipal and industrial
water supply functions, in addition to the function
of flood control.

One predominantly nonstructural flood-damage
control plan element was considered—that of
floodland structure removal and structure flood-
proofing—and is described herein, together with
the attendant benefits and costs. Removal of
flood-damage-prone urban development would pro-
vide land that could be used for public park and
related open-space purposes; and to this extent,
this nonstructural flood control alternative would
be of a multiple-purpose nature.

Finally, certain accessory flood control plan ele-
ments are discussed, including the provision of
adequate bridge waterway openings and the enact-
ment of floodland regulations to assure intelligent
use of riverine areas. Accessory plan elements
are not intended, either individually or in com-
binations, to offer a viable means of significantly
reducing flood losses in existing high damage
reaches of the stream system. They are, how-
ever, designed to be effective as supplements to
one of the seven aforementioned major structural
or nonstructural flood control plan elements in
high damage reaches and, most importantly, to
avoid the continued intrusion of flood-damage-
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prone land use development into floodland areas.,
with the attendant increase over time of poten-
tial flood damages. Thus, complete watershed-
wide flood damage control, particularly in the
as yet undeveloped riverine areas of the water-
shed, requires judicious application of the acces-
sory plan elements, with emphasis on floodland
regulation.

In calculating the benefits associated with each
alternative flood control measure, it was assumed
that existing land use development trends within
the watershed would continue, The benefits attend-
ant to each alternative were then calculated as
the reduction of flood damages associated with
application of the structure or measure to the
resulting land use pattern within the watershed.
Implementation of the recommended watershed
land use plan could be expected to reduce these
calculated benefits somewhat. Any such reduction
would be slight, however, since the major flood
control benefits in the watershed are derived from
the protection of existing floodland development.

The quantitative hydrologic and hydraulic analyses
necessary to evaluate the effectiveness of each
alternative structural plan element involved the
preparation of a forecast of the amount of water
to be carried by the existing and proposed water
control facilities. This forecast was based upon
the assumption that the adopted regional land use
plan would be implemented. Departures from the
adopted regional land use plan could be expected
to increase the hydraulic loadings on the water
control facilities only to the extent that such
departures encroach on existing floodways or
eliminate existing floodplain storage.

REVIEW OF PREVIOUS FLOOD CONTROL
INVESTIGATIONS

A careful review of previous studies related to
flood control within the Milwaukee River water-
shed was made as a part of the Milwaukee River
watershed study. This review indicated that work
had been accomplished by seven governmental
agencies, acting individually or cooperatively:
the Federal Works Progress Administration;
U. S. Department of Agriculture, Soil Conserva-
tion Service; U. S. Department of the Army, Corps
of Engineers; U. S. Department of Health, Educa-
tion, and Welfare, Public Health Service; U. S.
Department of the Interior, Bureau of Outdoor
Recreation; the Wisconsin Public Service Com-
mission; and the Wisconsin State Planning Board.
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Federal Works Progress Administration and Wis-
consin Public Service Commission—1938

Records on file with the Wisconsin Public Service
Commission indicate that in 1938 the Federal
Works Progress Administration and the Wisconsin
Public Service Commission undertook a joint
investigation of topographic and foundation condi-
tions at two reservoir sites within the watershed:
the Waubeka reservoir site on the Milwaukee
River and the Horns Corners reservoir site on
Cedar Creek. Topographic maps at a scale of
1:4800 with a five-foot contour interval were
prepared for the dam sites and reservoir areas.
Eighteen test holes were bored in alluvium to
depths of about 15 feet at one of three alternate
axes at the Horns Corners site. One hundred fifty
holes were bored to rock through loam, clay,
sand, and gravel at the Waubeka site. Depths of
the bores ranged from one to 17 feet. Four geo-
logic sections were prepared for the river valley
at the proposed Waubeka site. Although the topo-
graphic maps and data on the borings and geologic
sections were still on file with the Wisconsin
Public Service Commission, it was not possible
to locate a report describing or interpreting the
results of these investigations.

Wisconsin State Planning Board—1940

A report entitled The Milwaukee River Basin was
published by the Wisconsin State Planning Board
in 1940. This report set forth the findings and
recommendations of a study initiated in 1935,
Flood control was the sole purpose of the potential
structures described and discussed in the report.
The possibility of constructing a diversion channel
and tunnel near Thiensville for bypassing flood-
water to Lake Michigan was considered, along
with reservoir sites identified near Horns Cor-
ners on Cedar Creek and near Waubeka on the
Milwaukee River. The Waubeka site has been
considered in most subsequent studies; and both
the Waubeka and Horns Corners sites were fur-
ther investigated in the Milwaukee River water-
shed study, along with the diversion channel and
tunnel near Thiensville.

U. S. Soil Conservation Service—1961

The Soil Conservation Service of the U. S. Depart-
ment of Agriculture prepared a report in 1961
entitled Report for Flood Control in the Milwaukee
River Watershed. The report describes the find-
ings and recommendations of a reconnaissance
survey of potential reservoir sites located in the
basin upstream from Saukville. Although nine
potential sites were identified and investigated in




this study, none were found to warrant further
consideration for flood control purposes.

U. S. Army Corps of Engineers—1964

A Survey Report for Flood Control on the Mil-
waukee River and Tributaries, Wisconsin was
prepared by the Chicago Districtof the U. S. Army
Corps of Engineers in 1964. The report describes
the results of investigations of the Waubeka and
Horns Corners reservoir sites and of a diversion
channel located near Saukville as possible alterna-
tive flood control projects. Recreation, pumped-
storage hydroelectric power development, and
low-flow augmentation, as multiple-purpose func-
tions of the Waubeka site, were given considera-
tion in this study. A diversion channel at Saukville
which would provide protection against floods
having an average recurrence intervalof 100 years
was credited with a benefit-cost ratio of 1.09,
whereas the maximum benefit-cost ratio assigned
to the reservoirs considered was 0.7. It was
concluded that a single-purpose diversion channel
would be the only alternative that could be con-
structed at a cost ($5,350,000) commensurate
with the anticipated benefits. Updated analyses
of the economics of constructing both the diversion
channel and the Waubeka Reservoir are presented
in this chapter, wherein, under the different
assumptions used by the Regional Planning Com-
mission particularly with respect to interest rates
and periods of amortization, but also with respect
to uses of the reservoir, the benefit-cost ratio of
the diversion channel is estimated to be 0.28, and
of the reservoir, 1. 35.

U. S. Public Health Service—1965

In 1965 reservoir storage requirements for water
quality control through low-flow augmentation and
for municipal water supply were investigated by
the U. S. Department of Health, Education, and
Welfare, Public Health Service, for the Waubeka
site. Studies for water quality control were
limited to the main stem of the Milwaukee River
below Waubeka in Ozaukee County. For water
supply purposes, the study area was limited to
those areas of the watershed lying within 10 miles
of the proposed dam site. The report, entitled
Water Supply and Water Quality Control Study,
Waubeka Reservoir, Milwaukee River Basin, Wis-
consin, issued by the U. S. Public Health Service,
concludes that reservoir storage is not required
for these purposes within the study area.

U. S. Bureau of Outdoor Recreation—1966
A special reconnaissance report on outdoor rec-
reational needs in the Milwaukee River watershed

as related to the proposed Waubeka reservoir site
was prepared by the U. S. Department of the
Interior, Bureau of Outdoor Recreation, in 1966.
It was concluded in the report that there is suffi-
cient demand for water-based recreation in the
Region to warrant consideration of the Waubeka
site for a reservoir with a conservation pool level
at approximately Elevation 825 feet, Mean Sea
Level Datum. Annual visitation for recreation
was estimated to be 1.2 million people within the
first one-to-five years after project construction.
It was estimated that more than 3 million annual
visitations would occur after 35 years if the
reservoir were to be fully developed for recrea-
tion purposes.

Net benefit values of $1. 35 per visitation (recrea-
tion day) were assigned in accordance with the
range set forth in Supplement 1 (June 4, 1964)
of Senate Document 97, 87th Congress.! The
initial annual recreation benefit was estimated as
$1, 620,000 and the ultimate annual benefit, as
$4, 050,000, It was estimated that capital costs
for recreation facilities would be $4,137,000 and
$9, 510,000 respectively, for initial and ultimate
conditions of development.

Other Sources

A review of historic newspaper articles and other
published information was also made, and mem-
bers of several private organizations devoted to
community betterment were interviewed to deter-
mine plans that may have been considered locally
for the solution of watershed problems. During
1967 members of the Milwaukee River Restoration
Council proposed to that Council that considera-
tion be given to the construction of an earthfill
dam on the Milwaukee River near CTH C less than
one mile downstream of the mouth of Cedar Creek
for purposes of flood control and silt removal. A
dam on the Milwaukee River in the Hawthorne
Hills County Park north of Saukville was also pro-
posed by this group for recreational and aesthetic
purposes.? In 1970 Mr. Fred W. Uihlein, a prom-
inent private citizen of the Village of River Hills,
proposed the construction of a dam on the Mil-
waukee River in the vicinity of Good Hope Road
for pollution abatement purposes.

VIt is stated in this document that, “The unit values per
recreation day set forth herein are intended to measure the
amount that the users should be willing to pay, if such
payment were required, to avail themselves of the project
recreation resource.”

2The Milwaukee Sentinel, July 31, 1976, and Prospectus--
Milwaukee River, The Milwaukee River Restoration Council,
Inc., 1967.
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ALTERNATIVE STRUCTURAL FLOOD
CONTROL PLAN ELEMENTS

As noted in the introductory section of this chap-
ter, three types of structural flood control mea-
sures or facilities were considered and evaluated
under the watershed study. Dams and reservoirs
could be located at several sites within the water-
shed and would be effective in reducing large
watershed-wide floods. Such reservoirs would be
multiple-purpose developments in that they would
also provide recreation, low-flow augmentation,
and water supply benefits. A diversion channel
designed to eliminate essentially all flood dam-
ages on the Lower Milwaukee River by carrying
floodwaters from the river across the watershed
divide to Lake Michigan was also evaluated.
Finally, combination dike-floodwall facilities were
evaluated for those reaches of the watershed
having major concentrations of flood-vulnerable
urban development.

Reservoirs

Although several governmental agencies at both
state and federal levels have, in the past, com-
pleted studies related to flood control reservoirs
in the Milwaukee River watershed, there has been
no prior comprehensive investigation of all poten-
tial reservoir sites. Under the Milwaukee River
watershed study, 19 potential reservoir locations,
including five sites not located directly on any
of the 11 principal river reaches defined for the
purpose of the watershed study, were syste-
matically identified and screened to determine
their potential to provide flood protection, water-
based recreation, augmentation of low streamflow,
and municipal and industrial water supply. The
screening process was carried out to identify, in
a preliminary manner, the relative potential of all
of the sites; and, based upon this screening
process, three reservoir sites plus one reservoir
alternative, consisting of a combination of two of
the individual sites, were selected for further
consideration in the study. These four reservoir
alternatives having the most desirable character-
istics for multiple-purpose development were then
investigated in greater depth and detail; prelimi-
nary layout plans were prepared; hydrologic and
hydraulic analyses were made; and benefit-cost
ratios were calculated,

The screening evaluations were based on several
factors related primarily to potential uses of the
reservoirs and to the physical and hydrologic
characteristics of the dam sites and tributary
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drainage areas. Evaluation of recreational poten-
tial of the reservoir sites was emphasized in the
screening because, as noted in the foregoing dis-
cussion, earlier studies made by the U. S. Army
Corps of Engineers, the U. S. Public Health Ser-
vice, and the U. S. Bureau of Outdoor Recreation
indicated that the major economic benefit of any
sizable reservoir within the watershed would
accrue from recreational use, while any such
reservoir devoted solely to flood control or to
flood control and electric power generation would
have benefit-cost ratios of considerably less than
one; and no significant benefits would accrue from
low-flow augmentation or water supply uses.

The public popularity of water-oriented recrea-
tional pursuits, as well as the desirability of pro-
viding the means and facilities for such activities,
particularly in southeastern Wisconsin, has been
established. The Wisconsin Department of Natural
Resources, in a recent study of state recreation
resources and needs, emphasizes the key role of
water in leisure-time activity by stating:

...The six primary recreational activi-
ties in Wisconsin, in terms of numbers of
visits, are all either directly or indi-
rectly related to water: Pleasure driving,
swimming, sight-seeing, boating, fishing
and picnicking.?

The report singles out southeastern Wisconsin* as
the area with the greatest current shortage of out-
door recreational areas and facilities and the
greatest amount of conflicting land use, with the
latter factor resulting in the '"...usurping of
potential recreation sites faster than in any other
planning area...."5 Although the need to consider
the water-oriented recreational benefits of any
potential reservoir site was recognized, the need
to weigh these water-oriented recreational bene-
fits against the potential loss of existing natural
resources, such as wetlands, woodlands, and
scenic topography, and associated land-based
recreation benefits was also recognized and care-
fully considered.

3 Wisconsin Department of Natural Resources, Wisconsin’s
QOutdoor Recreation Plan, p. C-18, 1968.

4 The Wisconsin Department of Natural Resources defined
southeastern Wisconsin, for the purpose of the recreation
study, as the seven-county region served by the SEWRFC plus
Columbia, Dane, Dodge, Jefferson, and Rock Counties.

S Wisconsin Department of Natural Resources, op. cit.,
p. B-12.



Preliminary Identification of Reservoir Sites: As
previously noted, a total of 19 potential reservoir
sites were considered during the initial screening
process utilized in the flood control portion of the
watershed study. Of this total, 12 had been iden-
tified in the previous studies summarized above.
Seven additional new reservoir sites were identi-
fied through careful study of available topographic
maps. All but one of the newly identified sites are
located on the main stem of the Milwaukee River.
Map 10 shows the location of all of the potential
reservoir sites that were considered in the initial
screening process. Reservoir site locations are
described by river mile station and by U. S. Public
Land Survey section, township, and range in Table
14, which table also presents, in summary form,
certain other pertinent information about each of
the potential sites.

A potential site for an impounding structure, as
described and discussed herein, may include more
than one axis; that is, alignment of the centerline
of the dam across the stream channel. If topo-
graphic and foundation conditions were found to
be favorable for the construction of a dam at
several closely spaced locations along a reach of
a stream, these locations were considered in the
initial screening process as one reservoir site
with alternate dam axes. A final selection of
a recommended dam axis was made only for
the three best reservoir sites identified in the
screening process during the course of the subse-
quent feasibility and design studies of those three
sites plus one reservoir alternative combining two
of the individual sites.

The preliminary examination of each potential
reservoir site was initiated by an evaluation of
topographic and structural factors; and, in the
absence of prohibitive limitations, this was fol-
lowed by an assessment of the multiple-purpose
potential of the site by a systematic examination
of its recreation, flood control, low-flow augmen-
tation, and water supply capabilities. The subse-
quent discussion describes the criteria used to
identify and evaluate the 19 reservoir sites in the
initial screening process.

Topographic and Structural Considerations:
Land surface contours, as depicted on topographic
maps, were used to delineate the absolute longitu-
dinal and lateral extent of each potential reservoir
site. The approximate dam site was then selected;
and the aforementioned maximum inundation limits
were modified, as necessary, so as to preclude

major structural or foundation problems with
respect to the dam and also to avoid excessive
land acquisition costs and extensive relocation of
existing highways, railroads, utilities, and other
structures with respect to the impoundment.

Recreational Evaluation: The recreational devel-

opment potential of a given reservoir site was
determined by evaluating that site with respect to
five characteristics: proximity to urban population
concentrations and suitability for four prime
recreational uses, namely, boating and water
skiing, picnicking and sightseeing, swimming, and
fishing. Each site was rated within each category
according to the following scale: 4 for excellent,
3 for good, 2 for fair, 1 for poor, and 0 for no
value. Potential reservoir locations receiving a
high total rating, as obtained by summing the
numerical ratings for each of the five charac-
teristics, exhibit superior recreation potential in
comparison with the other sites considered. The
results of this evaluation are summarized in
Table 15 and are discussed below in order to
identify the principal factors that were considered
in the assignment of a numerical rating.

Proximity to Urban Population

The relative recreational value of a reser-
voir will not only depend upon the potential
recreational uses which can be made of the
site but also upon the relative accessibility
of the site to potential users. This relative
accessibility was evaluated on the basis of
the distance to the Milwaukee urbanized
area and on the quality of the highway access
and the driving time from the Milwaukee
urbanized area. In considering access, dis-
tance is not as important a factor as is
driving time. A higher value was assigned
for those sites nearest to good arterial
highway routes, existing or planned, which
connect directly (o the regional freeway
system.

Boating and Water Skiing

For motorboating and water skiing activi-
ties, the water surface area and average
depth of a reservoir should have minimum
values of 300 acres and 5 feet, respectively.
Water skiing alone requires about 20 acres
of water surface per participant, while the
combination of sailing, power-boating, water
skiing, and fishing demands an average of
5 to 10 acres of water surface for each boat.
The reservoir should be wide enough to per-
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Map 10

POTENTIAL RESERVOIR SITES AND
DIVERSION CHANNEL AND TUNNEL ALIGNMENTS
IN THE MILWAUKEE RIVER WATERSHED

\ % ;
,,.,‘eg; R
J > = . "
FOND DU (19 ELMORE .. AL .SC.QT;JT Sﬂ'l:E.RMAN

DODGH

32000 rEET

LEGEND

@ IDENTIFICATION NUMBER FOR POTENTIAL SINGLE
RESERVOIR SITE. REFER TO TABLES 14 THRU I7.

RDBRO . - 3
RO u (DNEWBURGY
N\ ==

0 LanE

o .

‘- (8) SAUKVILLE

3 | 8 )
i i§$@\- :
% G &‘-;_ i — ™ ;
R vk

- DAM

% SINGLE POTENTIAL RESERVOIR SITES IDENTIFIED AND
EXAMINED IN THE INITIAL SCREENING PROCESS BUT
NOT SELECTED FOR FURTHER ANALYSIS. (NUMBER: 16)

@ SINGLE POTENTIAL RESERVOIR SITES IDENTIFIED AND NTCH T(-‘a %
EXAMINED IN THE INITIAL SCREENING PROCESS AND s R
THEN SELECTED FOR DETAILED ANALYSIS, (NUMBER: 3) (8) wesT BEND; &9 -

TRENTON

m POTENTIAL TEMPCRARY FLOODWATER IMPOUNDMENT
SITE (SAUKVILLE DEPRESSION) IDENTIFIED IN THE
INITIAL SCREENING PROCESS AND WHICH, IN COMBINATION
WITH SITES 7 AND 11, CONSTITUTED A FOURTH RESERVOIR
ALTERNATIVE SELECTED FOR DETAILED ANALYSIS

ate, ALIGNMENT FOR TWO CHANNELS CONNECTING SAUKVILLE £
**s DEPRESSION TO POTENTIAL RESERVOIR SITES 7 AND || i~

@ IDENTIFICATION LETTER FOR POTENTIAL CHANNEL OR
TUNNEL ALIGNMENTS FOR DIVERSION OF FLOODWATER
TO LAKE MICHIGAN
== POTENTIAL DIVERSION CHANNEL ALIGNMENT. (NUMBER: 5)

===  POTENTIAL DIVERSION TUNNEL ALIGNMENT. (NUMBER: 1)

NOTE:

. ALL IMPOUNDMENTS ARE DEPICTED WITH THE WATFR SLIRFACE
AT THE CONSERVATION POOL LEVEL WITH THE EXCEPTION OF THE 5 \ . -
SAUKVILLE DEPRESSION WHICH WOULD NORMALLY NOT IMPOUND N 5
WATER AND 1S, THEREFORE, SHOWN AT MAXIMUM FLOOD STAGE b N

n

THE IMPOUNDMENTS FOR SITES 2, 5 6 AND Il ARE NOT SHOWN IN THEIR
ENTIRETY IN THAT EACH HAS A SMALL PORTION OF ITS TOTAL SURFACE AREA EXTENDING UPSTREAM INTO
ANOTHER POTENTIAL RESERVOIR SITE.

3. DIVERSION CHANNEL ALIGNMENTS A, C, D AND F AND DIVERSION TUNNEL ALIGNMENT B WERE EACH
CONSIDERED AS INTEGRAL PARTS OF RESERVOIR SITES 2, 3 OR 4 AND SINCE THOSE THREE RESERVOIR
SITES DID NOT MERIT ADDITIONAL DETAILED ANALYSIS, DIVERSIONS A, B, C, D AND F WERE OMITTED
FROM FURTHER CONSIDERATION. CHANNEL ALIGNMENT E WAS CONSIDERED AS AN INDEPENDENT FLOOD
CONTROL MEASURE AND WAS SELECTED FOR FURTHER DETAILED ANALYSIS.

A systematic survey of the Milwaukee River watershed was made in
order to identify all physicallg feasible flood control reservoir
sites and diversion channel or tunnel alignments within the water-
shed. Nineteen individual reservoir sites, some with appurtenant
version channels or tunnels to Lake Michigan, one reservoir
rangement combining two of the individual sites, and one diver-
on channel alignment that could function independently of any
he impoundments were identified. A preliminary assessment of
ability of each of the sites or alignments to provide flood
ol, recreation, flow augmentation, and water supply benefits
ut incurring high monetary costs or plaC|n% excessive demands
e natural resource base, indicated that three single reser-
sites, the one combined reservoir arrangement, and the one
endent diversion channel alignment to Lake Michigan warranted
ional technical and economic analyses under the watershed
for possible inclusion in a final watershed plan

Source: Harza Engineering Company and SEWRPC.
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Table |4

SUMMARY OF INITIAL EVALUATION OF POTENTIAL RESERVOIR SITES
IN THE MILWAUKEE RIVER WATERSHED

DAM LGCATION IMPOUNDMENT DAM RATINGS®
N HEIGHT WATER
v CONSER- OF CREST SUPPLY | POTENTIAL
L AREA VATION STORAGE ABOVE SPILLWAY AND AS A
8 RIVER TRIBUTARY PCOL SURFACE | SHORE VCLUMES STREAM~ | CREST DISCHARGE FLOW MULTIPLE-
€ MILE SEC~- TG CAM® LEVEL® AREA® LENGTHS | (ACRE- BED LENGTH | CAPACITYd | RECREA- FLGOCC AUGMEN-{ PURPOSE
RIVER REACH NAME R| STATION | TION | TOWN | RANGE (ACRES) (FEET) (ACRES) | (MILES) FEET) (FEET) (FEET) (CFS) TION CONTROL | TATION PROJECT
LOWER MILWAUKEE | GLENDALE 1 11.5 19 8 22 412,500 650 800 20 7,000 28 1,100 55,500 11 o 1 NO
RIVER THIENSVILLE] 2 0.5 24 9 21 391,000 670 2,080 23 18,300 30 1,700 54,400 15 3 2 YES
MEQUCN-
GRAFTON 3 26.3 31 1c 22 377,000 700 700 12 10,000 45 3,600 52,000 13 3 1 NO
GRAFTCN 4 3l.4 13 10 21 291,C00 750 700 20 7,000 26 1,100 50,000 11 3 1 NO
SAUKVILLE 5 40.3 14 1§} 21 275,000 785 700 17 12,000 39 1,100 49,000 11 o 1 NO
WAUBEKA 6 47.0 29 12 21 260,000 825 10,400 50 155,000 57 1,200 50,000 17 3 4 YES
MIDDLE MILWAU- | NEWBURG 7 55.6 13 11 20 163,000 865 2,300 17 16,000 40 850 | 38,000 15 1 3 YES
KEE RIVER nEST BENC;
TRENTCN 8 63.9 19 11 20 5,120 900 600 7 64600 33 1,600 0-GE 11 0 1 NO
BARTCN 9 Tl.4 21 12 19 136,000 930 1,060 12 10,000 25 850 36,200 13 0 1 NO
UPPER MILWAUKEE | CAMPBELLS-
RIVER PORT 10 88.6 7 13 19 37,100 1,020 3,650 28 46,000 40 850 0-GE 13 o 3 NO
CECAR CREEK HORNS CORN-
ERS 11 41.5 7 1c 21 63,000 843.5 5,000 23 35,000 36 700 | 0-GE OR 14 1 3 YES
21,000
JACKSCN 12 49.6 20 10 20 30,C00 854 2,100 16 12,000 29 1,000 0-GE 13 ] 1 NO
NORTH BRANCH SCCTT-
SHERMAN 13 63.9 6 13 21 24,300 845 1,200 8 12,000 30 700 0-GE 12 o 1 NO
ORCHARD
GROVE 14 52.8 29 12 20 8,960 870 480 10 4,000 29 1,100 0-GE 9 [ 1 NO
MITCHELL
scorth 15 57.9 34 14 20 7,680 1,020 1,100 10 30,000 69 1,000 0-GE 12 o 1 NO
SCCTT-FARM-
INGTON 16 57.9 3 12 20 14,700 875 610 7.5 7,400 45 3,800 0-GE 11 0 1 NO
SILVER CREEK SHERMAN-
(SHEBOYGAN FREDCNIA
co) 17 57.3 32 13 21 6,400 853 490 3 3,100 23 1,700 0-GE 9 0 [ NO
WEST BRANCH ASHFURD=
WAYNE 18 83.5 36 13 18 2,560 1,020 150 2.5 1,700 40 1,000 0-GE 12 0 0 NO
ELNGRE 19 86.9 23 13 18 19,200 1,020 24500 30 43,000 50 100 0-GE 8 [ 2 NO
MIDDLE MILWAU- | NEWBURG KESERVUIR CONNECTED TO HORNS 230,000 865 74300 40 51,000 40 850 | 38,000 15 2 4 YES
KEE RIVER AND | CCRNERS RESERVUIR VIA SAUKVILLE AND AND AND AND
CEDAR CREEK DEPRESSICN® 843.5 36 700 | 21,000

°THE TCTAL AREA OF THE MILWAUKEE RIVER WATERSHED IS 693.8 SQUARE MILES, OR 444,000 ACRES.

bCCNSERVATICN PCCL LEVEL IS DEFINED AS THAT ELEVATION AT WHICH THE WATER SURFACE OF A RESERVCIR IS TO BE MAINTAINED FOR NORMAL USE DURING MOST MONTHS GF THE YEAR. DATUM
IS PEAN SEA LEVEL, 1929 ACJUSTMENT.

THE PARAMETERS WERE CETERMINED BASED OW THE ASSUMPTION THAT THE IMPOUNDMENT IS AT THE (ONSERVATION PCOL LEVEL.

dSPILLWAY DESIGN DISCHARGES WERE DETERMINED ONLY FOR RESERVOIR SITES wWITH LARGE TRIBUTARY AREAS OR FOR LOCATIONS WHERE SIGNIFICANT FLCCO STORAGE ABOVE THE CCNSERVATION
PCOL LEVEL [S NOT FEASIBLE DUE TU HIGH LANC ACQUISIVION COSTS. THE ABBREVIATION, O-GE, MEANS CUTLET WITH GRASSED EMERGENCY SPILLWAYS HAVING A CREST ELEVATION BELOW THE
DAM CREST. SOME FLCGCWAIER WOULD BE STOREC IN THC RESERVOIR DURING ANY FLCOD EVENT, WITH THE REMAINDER BEING RELEASED THROUGH THE OQUTLEY DURING SMALL FLCODS, WHILE THE
GRASSED SPILLWAY WLULC PROVICE ACLITIONAL RELIEF DURING MAJOR FLUOD EVENTS. OISCHARGE CAPACITIES HAVE NOT BEEN ASSIGNED TU GRASS SPILLWAYS FCR THIS PRELIMINARY ASSESS-
MENT OF RESERVOIR SITES.

®RATINGS FUR FLCCD MITIGATIUN AND FOR WATER SUPPLY-FLOW AUGMENTATION FUNCTIONS ARE QUANTIFIED ACCORDING TO THE FOLLOWING SCALE AND ARE DEVELOPED IN TABLES 16 AND 17.

EXCELLENT-

Lcoc- 3
FALR- 2
PCOUR=- 1

NC VALUE- 0
RECREATIONAL RATINGS ARE CEVELOPEC IN TABLE 15, wITH THE RECREATICN FUNCTICON BEING WEIGHTEC APPROXIMATELY FIVE TIMES AS MUCH AS EITHER OF THE OTHER TWC FUNCTICGNS.

fTHESE ARE UFF-CHANNEL POTENTIAL RESERVOIR SITES; THAT ISs THEY ARE NOT LUCATED CN ONE OF THE 11 PRINCIPAL RIVER REACHES DEFINED FOR THE PURPOSE OF THIS WATERSHED STUCY.
RIVER MILE STATIONS CITED FOR THESE SITES CEFINE THE PUINT OF CONFLUENCE OF ONE CF THE 11 PRINCIPAL RIVER REACHES AND THt CREEK OR STREAM ON WHICH THE SITE IS LCCATED.

9THE SAUKVILLE DEPRESSION, A LARGE, TOPOGRAPKICALLY LOW AREA, WOULD FUNCTION AS A HYDRAULIC CONNECTION BETWEEN THE NEWBURG AND HORNS CORNERS RESERVOIRS, IMPOUNCING WATER
CNLY DURING MAJOR FLCCC EVENTS, AT WHICH TIME T WOULD PROVIDE 12,000 ACRE-FEET CF STORAGE AT THE MAXIMUM FLOOD POUL ELEVATION OF 870 FEET MEAN SEA LEVEL.

SOURCE- HARZA ENGINEERING COMPANY ANC SEWRPC.

mit reservation of a '""no-wake zone' 200 to reservoir., Picnic areas should be located
500 feet wide along developed shoreland. in attractive natural settings, preferably
The largest reservoirs, over 3,000 acres in partially shaded, with pleasant views of the
size, were assigned higher ratings than water and surrounding terrain, and should
were either the smallest reservoirs, 300 to be reasonably level so that visitors do not
1,000 acres in size, or the medium-sized have to climb or descend steep hills going to
reservoirs, 1,000 to 3,000 acres in size. or from the picnic area to parking or other

use areas. Potential parking areas requir-
ing relatively flat land must be available in

Picnicking and Sightseeing close proximity to, but preferably shielded
For picnicking and sightseeing development, from, the picnic areas and other points of
it is desirable that the potential reservoir interest. The local access routes should
be set in a wooded landscape, with ease of have potential for viewing the reservoir
accessibility to the reservoir itself and with both while vehicles are in motion and while
numerous potential overlooks for viewing the parked at particularly scenic overlooks.

73



Table

15

RECREATIONAL RATINGS OF POTENTIAL RESERVOIR SITES
IN THE MILWAUKEE RIVER WATERSHED

DAM LOCATION

N RECREATIONAL ANALYSIS®
u
M BDATING
B | RIVER AND PICNICKING PROXMITY
E | MILE SEC- WATER AND TO URBAN
RIVER REACH NAME R | STATION | TION | TOWN [ RANGE | SKIING | SIGHTSEEING | SWIMMING | FISHING | POPULATION | TOTAL
LOWER MILWAUKEE | GLENDALE 1 11.5 19 8 22 2 2 2 1 4 11
RIVER THIENSVILLE| 2 20.5 24 9 21 3 3 4 1 4 15
MEQUON-
GRAFTON 3 26.3 31 10 22 2 3 3 1 4 13
GRAFTON 4 31.4 13 10 21 1 3 2 1 4 11
SAUKVILLE 5 40.3 14 11 21 2 3 2 1 3 11
WAUBEKA 6 47.0 29 12 21 4 3 4 3 3 17
MIDDLE MILWAU- NEWBURG 7 55.6 13 11 20 4 3 4 1 3 15
KEE RIVER WEST BEND-
TRENTON 8 63.9 19 11 20 1 3 2 2 3 11
BARTON 9 Tl.4 21 12 19 3 3 4 1 2 13
UPPER MILWAUKEE | CAMPBELLS-
RIVER PORT 10 88.6 7 13 19 4 3 3 2 1 13
CEDAR CREEK HORNS CORN-
ERS 11 41.5 7 10 21 4 3 3 1 3 14
JACKSON 12 49.6 20 10 20 3 3 3 1 3 13
NORTH BRANCH SCOTT-
SHERMAN 13 63.9 6 13 21 3 3 3 2 1 12
ORCHARD
GROVE 14 52.8 29 12 20 1 3 2 1 2 9
MITCHELL
SCoTT 15 57.9 34 14 20 3 3 2 3 1 12
SCOTT-FARM-
INGTON 16 57.9 3 12 20 2 3 2 2 2 11
SILVER CREEK SHERMAN-
(SHEBOYGAN FREDONIA
co) 17 57.3 32 13 21 1 3 2 1 2 9
WEST BRANCH ASHFURD-
WAYNE 18 83.5 36 13 18 3 3 3 2 1 12
ELMORE 19 86.9 23 13 18 0 2 2 3 1 8
MIDDLE MILWAU- NEWBURG RESERVOIR CONNECTED TO HORNS 4 3 4 1 3 15
KEE RIVER AND| CORNERS RESERVOIR VIA SAUKVILLE
CEDAR CREEK DEPRESS IONP

°RATINGS FOR EACH RECREATIONAL ACTIVITY ARE QUANTIFIED ACCORDING TO THE FOLLOWING SCALE-

bTHE SAUKVILLE DEPRESSION, A LARGE, TOPOGRAPHICALLY LOW AREA, WOULD FUNCTION AS A HYDRAULIC CONNECTION BETWEEN THE NEwW-
IMPOUNDING WATER ONLY DURING MAJOR FLOOD EVENTS, AT WHICH TIME IT WOULD PROVIDE
OF STORAGE AT THE MAXIMUM FLOOD POOL ELEVATION OF 870 FEET MEAN SEA LEVEL.

SOURCE-
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BURG AND HORNS CORNERS RESERVOIRS,
12,000 ACRE-FEET

EXCELLENT- 4

6000~ 3
FAIR~- 2
POOR- 1
NO VALUE- 0

HARZA ENGINEERING COMPANY AND SEWRPC.

Swimming

For the development of swimming areas,
natural topographic conditions at the reser-
voir site should provide shoreline slopes of
less than 10 percent for beach use, while
underwater slopes should range between 3
and 7 percent. Swimming area development
should be accomplished with very few phys-
ical changes either above or below the water
surface. Finally, the development of a

swimming center at a potential reservoir
site requires supporting parking and pic-
nicking areas and good access facilities.

Fishing

A critical factor influencing the establish-
ment and maintenance of a fishery in a pro-
posed reservoir is the year-round existence
of zones or strata with dissolved oxygen
concentrations above certain minimum levels




and temperatures below certain maximum
levels. Water quality standards for the
maintenance of a warm-water fishery, as
well as the more stringent standards con-
ducive to desired levels of fish reproduction,
are discussed in Chapter IX of Volume 1 of
this report.

Large reservoirs generally exhibit, both
temporally and spatially, a variety of dis-
solved oxygen and thermal regimes, thereby
essentially assuring that the water quality
standards can be met within some stratum
of the impoundment at any time of the year.
This statement, however, is subject to some
qualifications. First, the reservoir must
not be subjected to excessive loadings of
organic, nutrient, or thermal pollution,
thereby destroying the desirable oxygen
concentration (4.0 mg/1 minimum) and tem-
perature level (89°F maximum) normally
present. The second qualification relates to
the depth of the proposed impoundment,
inasmuch as it should be deep enough to
produce thermal stratification in the sum-
mer and thereby assure the presence of
desirable cooler water below the surface.
The minimal oxygen requirements under
such conditions of stratification will nor-
mally be satisfied at an intermediate depth
in such a reservoir, above the thermocline.
The reservoir should also be deep enough to
prevent fish kills caused by oxygen depletion
occurring subsequent to ice formation in the
winter. The likelihood of organic, nutrient,
and thermal pollution and the potential depth
were considered in the numerical rating of
the fishery potential of each reservoir site.

Another consideration important to the eval-
uation of the potential fishery value of a
proposed reservoir site is the possible in-
flow of substances toxic to fish or to humans,
since fish may carry and concentrate these
materials. Possible upstream industrial or
commercial sources of toxic substances
were, therefore, also considered in evalu-
ating the reservoir sites.

Flood Control Potential: The relative effective-
ness of each reservoir site for the purpose of
flood mitigation is basically dependent upon three
factors:

1. The extent of the total watershed area con-
trolled by, or upstream of, the proposed
location.

2. The amount of storage available, in addi-
tion to the normal reservoir volume, for
receiving and temporarily detaining runoff
from a major flood event.

3. The relative position of the reservoir site
within the watershed stream system with
respect to the high flood-damage reaches.

Generally speaking, larger impoundments located
in the lower watershed, but upstream of the flood-
vulnerable reaches, would be more effective for
flood-damage reduction than smaller reservoirs
situated in headwater areas.

A systematic evaluation procedure was utilized
so as to incorporate the above criteria in a quan-
titative manner and thus assist in the analysis of
each potential impoundment location and in deter-
mining its flood mitigation value relative to the
other sites. The evaluation procedure utilized
is described below, while the results of that pro-
cedure, including the final flood control rating
assigned to each potential reservoir location, are
summarized in Table 16.

Fundamental to the evaluation procedure used is
the criterion that flood damages associated with
the 100-year recurrence interval watershed-wide
flood event would be essentially eliminated if the
corresponding uncontrolled maximum flood dis-
charge of 16,000 cubic feet per second (cfs) at
Estabrook Park in Milwaukee were reduced to
a maximum discharge of 5,000 cubic feet per
second which discharge, based upon analyses of
the hydraulic characteristics of the existing chan-
nel, approximately represents the bank-full flow
capacity of the channel system. The total drain-
age area above the Estabrook Park gage in the
City of Milwaukee is 686 square miles. It is
estimated that the 5,000 cfs bank-full discharge at
this gage would be produced during the 100-year
flood event by 100 square miles of drainage area
located upstream of the gage. Therefore, at least
586 square miles of drainage area above the
gage must be controlled in order for a reservoir
to give full protection against a 100-year recur-
rence interval flood. The correspondence between
100 square miles of drainage area and the 5,000
cfs peak discharge is based on the assumption that
peak discharge is proportional to fributary area
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Table 16

FLOOD CONTROL RATING OF POTENTIAL RESERVOIR SITES
IN THE MILWAUKEE RIVER WATERSHED

CAM LOCATION FLOOD CONTROL ANALYSIS
N CONTROL
u FLCOD RATIO COUNTROL RATIO
M AREA TRIBUTARY TG DAM® STORAGE | TIMES TIMES FLOOO
8| RIVER VOLUMES | FLOOD ADJUST- | STORAGE VOLUME | FLOOD
E| MILE SEC- (PROPORTION CONTROL | (ACRE- | STURAGE | MENT FOR | TIMES LOCATION | CONTROL
RIVER REACH NAME R | STATION | TION | TOWN | RANGE | (ACRES) |[OF WATERSHED) | RATICGP| FEET) | vOLUME® | LOCATION®|  ADJUSTMENTf | RATING®
LOWER MILWAUKEE | GLENDALE 1 11.5 19 8 22 | 412,500 0.93 1.00 -- -- -- - 0
RIVER THIENSVILLE| 2 20.5 24 9 21 | 391,c00 0.88 1.00 | 124,600 | 124,600 0.50 62,300 3
MEQUON-
GRAFTON 3 26.3 31 10 22 | 377,000 0.85 1.00 | 124,600 | 124,600 0.70 87,200 3
GRAFTON 4 31.4 13 10 21 | 291,c00 0.65 0.78 | 124,600 | 97,000 0.80 77,500 3
SAUKV ILLE 5 40.3 14 11 21 | 275,000 0.62 0.74 3,750 2,800 0.90 2,500 0
WAUBEKA 6 47.0 29 12 21 | 260,000 0.58 0.70 85,000 | 59,500 1.00 59,500 3
MIDDLE MILWAU- | NEWBURG 7 55.6 13 11 20 | 163,C00 0.37 0.44 16,000 7,000 1.00 7,000 2
KEE RIVER WEST BENC-
TRENTCN 8 63.9 19 11 20 5,120 0.01 0.01 - - - - 0
BARTON 9 Tl.4 217 12 19 | 136,C00 0.31 0.37 64800 2,500 1.00 2,500 0
UPPER MILWAU- CAMPBELLS-
KEE RIVER PORT 10 88.6 7 13 19 37,100 0.08 0.10 -- -- - - 0
CEDAR CREEK HCRNS CORN-
ERS 11 41.5 7 1c 21 63,000 0.14 0.17 47,000 8,000 0.85 6,800 2
JACKSCN 12 49.6 20 10 20 30,000 0.07 0.08 -- - - - 0
NCRTH BRANCH sCaTT-
SHERMAN |13 63.9 6 13 21 24,300 0.05 0.07 - -- - - 0
GRCHARD
GRLVE 14 52.8 29 12 20 8,960 0.02 0.02 - - - - 0
MITCHELL=
SCOTT 15 57.9 34 14 20 7,680 0.02 0.02 -- - - - 0
SCCTT-FARM-
INGTON 16 57.9 3 12 20 14,700 0.03 0.04 -- -- - - 0
SILVER CREEK SHERMAN-
(SHEBOYGAN FRECCNIA
ca) 17 57.3 32 13 21 64400 0.01 0.02 - - - - 0
WEST BRANCH ASHFCRD-
WAYNE 18 83.5 36 13 18 2,560 0.01 0.01 -- -- - - 0
ELMURE 19 86.9 23 13 18 19,200 0.04 0.05 - - - - 0
MICOLE MILWAU- NEWBURG RESERVOIR CONNECTED TO HORNS 230,000 0.52 0.62 75,000 46,500 1.C0 46,500 3
KEE RIVER AND| CCRNER RESERVOIR VIA SAUKVILLE
CEDAR CREEK VEPRESSICN®

STHE TCTAL AREA UF Thi MILWAUKEE RIVER WATERSHLD IS 693.8 SQUARE MILES, OR 444,000 ACRES.

BCONTROL RATIU IS DEFINED AS THE AREA TRIBUTARY TO THE DAM SITE DIVIDED BY THE WATERSHED AREA THAT MUST BE CONTROLLED TO KEDUCE A 1CO-YEAR RE-
CURRENCE INTERVAL FLCGD EVENT AS ESTABROOK PARK IN MILWAUKEE FROM THE UNCONTROLLED MAXIMUM PEAK DISCHARGE OF 16,000 CUBIC FEET PER SECOND TO A
PEAK VALUE OF 5,000 CUBIC FEET PER SECOND, WHICH WAS ASSUMED TO REPRESENT BANK-FULL CONDITIONS. AS DESCRIBED IN THE TEXT, THAT AREA WAS DETER-
MINED TO BE APPRUCXIMATELY 586 SWUARE MILES, OR 375,CC0 ACRES. WHEN THE COMPUTED VALUE EXCEEDEC UNITY, A CONTROL RATIO OF 1.0 WAS ASSUMED AND
ENTERED IN THE TABLE.

FLCOD CONTROL ANALYSIS WAS NCT EXTENDED FOR SITES HAVING CONTROUL RATIOS LESS THAN 0.15 BECAUSE OF THEIR UBVIOUS INEFFECTIVENESS FOR FLOOD
CCNTRCL PURPGSES, ANU, THEREFURE, FOR THESE SITES THE REMAINING COLUMNS, WITH THE EXCEPTION CF THE LAST COLUMN, DO NOT HAVE ANY ENTRIES.

“FLOOD STORAGE VOLUME IS BASED ON FIVE FEET OF WATER ABUVE THE CONSERVATION POOL LEVEL AT EACH RESERVOIR LOCATION EXCEPT FOR THE FOLLOWING-
GLENDALE SITE--NC STGRAGE IS AVAILABLE.
THIENSVILLE, MEQUON-GRAFTON AND GRAFTON SITES--THESE IMPOUNDMENTS ARE ALLOTTED THE TOTAL RUNOFF VOLUME OF A 100-YEAR RECURRENCE INTERVAL FLCOD
EVENT FOR THE TRIBUTARY AREA SINCE, BECAUSE OF THEIR LOCATION, THE POTENTIAL EXISTS TO CIVERT ALL THE FLOOCWATERS DIRECTLY TO LAKE MICHIGAN.
WAUBEKA AND HCRNS CCRNERS SITES--EIGHT FEET AND SEVEN FEET, RESPECTIVELY, OF FLCCOWATER STORAGE ABOVE THE CONSERVATION POOL LEVEL WERE
READILY AVAILABLE AND, THEREFORE, USED IN THE DETERMINATION OF STORAGE VOLUME.

dTHIS PARAMETER, INASMUCH AS IT IS PROPORTIONAL O BOTH THE CONTROL RATIO AND STORAGE VCLUME, PROVIDES A RELATIVE MEASURE OF THE FLOOD MITIGA-
TICN EFFECTIVENESS OF THt PUTENTIAL RESERVUIR SITES. IT DOES NOT, HOWEVER, SPECIFICALLY ACCOUNT FOR THE SITES® POSITION WITHIN THE WATERSHED
STREAM SYSTEM RELATIVE TU THE EXISTING FLOOD-VULNERABLE REACHES.

®THIS ADJUSTMENT FOR LOCATION IS A MEASURE UF THE IMPOUNDMENTS POTENTIAL, BECAUSE OF ITS RELATIVE POSITION WITHIN THE WATERSHED STREAM SYSTEM TO
PROVIDE FLCOD PROTECTION FCR THE HIGH FLOOD-DAMAGE REACHES ALONG THE LOWER MILWAUKEE RIVER BETWEEN AND INCLUDING THE CITY UF GLENDALE AND THE
VILLAGE OF SAUKVILLE.

fTHIS NUMBER, WHICH IS5 THE PRCDUCT OF THE ENTRIES IN THE PRECEDING TWO COLUMNS, SUMMARIZES THE ANALYSIS AND PROVIDES A RELATIVE MEASURE OF EACH
SITE'S FLCOD MITIGATION tFFECTIVENESS 8Y ACCOUNTING FOR ITS TRIBUTARY AREA, THE VOLUME AVAILABLE FOR FLOODWATER STORAGE AND THE POSITION QOF THE
SITE RELATIVE TO THE FLOUD-VULNERABLE RIVERINE AREAS.

SFLCOD CONTROL RATINGS ARE GUANTIFIED ACCORDING TO THE FOLLOWING SCALE-
EXCELLENT- 4

GCOD- 3
FAIR- 2
PCCR- 1
NC VALUE- 0

PTHE SAUKVILLE DEPRESSION, A LARGE, TOPUGRAPHICALLY LOW AREA, WOULD FUNCTION AS A HYCRAULIC CONNECTION BETWEEN THE NEWBURG AND HORNS CORNERS
RESERVOIRS, IMPCUNDING WATER ONLY DURING MAJOR FLOOD EVENTS, AT WHICH TIME IT WOULD PROVIDE 12,000 ACRE-FEET OF STORAGE AT THE MAXIMUM FLCOD
PCOL ELEVATIUN CF 870 FEET MEAN SEA LEVEL.

SOURCE- HARZA ENGINEERING COMPANY AND SEWRPC.
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to the 0.6 power.® The extent to which each site
was capable of controlling the required watershed
area was quantified by computing its control ratio,
defined as the area in square miles, tributary to
thc potcntial dam sitc, divided by thc rcquircd
586 square miles. Inthose instances where acom-
puted value exceeded unity, a control ratio of
1.0 was used. Flood control analysis was ter-
minated for sites which were found in the screen-
ing process to have control ratios less than
0.15 because of their obvious ineffectiveness for
flood control purposes. Control ratios for each
potential reservoir site are presented in Table 16.

The next step in the preliminary evaluation or
screening procedure was to determine the volume
available at each site for temporary storage of
runoff from major flood events. For flood control
purposes, a reservoir should have a large sur-
face area astride the channel or be located where
floodwaters can be diverted to large off-channel
storage areas, such as large wetlands or Lake
Michigan, so that flood flows can be accom-
modated with a relatively small rise in the water
surface level over the conservation pool level.”
The interception, storage, and release of flood-
waters in such an impoundment may be accom-
plished with a minimum disruption of recreational
uses; and the incremental cost of the dam for
the flood control function is less than would be
required to provide an equal amount of floodwater
storage capacity in a reservoir with a smaller
lake area.

An estimate was made of the potential storage
volume available in each reservoir for flood con-
trol use during the summer recreation season.
This volume was assumed o be thal contlained
between the maximum elevation of the reservoir,

4.0.6

[ Q -

Thus,—O_Il Ay""°; and, substituting 0;=16,000 cfs, the
100-year recurrence interval watershed-wide flood peak dis-
charge at Estabrook Park under uncontrolled land use devel-
opment conditions; substituting AI = 686 square miles, the
watershed area producing that discharge; and substituting
02 =5,000 cfs, the peak discharge which could be contained
within the channel at Estabrook Park, it follows that A2,
the watershed area that would generate 5,000 cfs and,

therefore, need not be controlled, is 98 square miles, or

approximately 100 square miles.

7The term “‘conservation pool level” is defined as that
elevation at which the water surface of a reservoir is to
be maintained for normal use throughout most months of
the year.

aslimited by topography or relocation constraints,
and the elevation of the conservation pool. This
difference in elevation available for flood control
is estimated to be zero for the Glendale, Grafton,
and Thiensville sites; 10 fcct for thc Waubeka
site; seven feet for the Horns Corners site; and
five feet for all other sites. Since the Grafton,
Mequon-Grafton, and Thiensville sites, however,
would achieve flood control by diversion to Lake
Michigan, rather than by actual storage, these
three sites were credited with being able to, in
effect, store the total runoff volume of a 100-year
recurrence interval flood. The control ratio was
multiplied by the flood storage volume to obtain
an adjusted volume figure that reflects both the
volume of flood storage that would actually be
available at each site and the ability to fill, and
thereby effectively use, that storage to essentially
eliminate damage during a 100-year recurrence
interval flood event. The flood storage volume
and the accompanying adjusted value for each of
the potential impoundment locations considered
are set forth in Table 16.

A critical consideration in the evaluation procedure
was the location of each potential impoundment
site relative to the high flood-damage reaches of
the river system located between and including
the City of Glendale and the Village of Saukville,
Regardless of the amount of watershed area
controlled and the flood storage volume avail-
able, an impoundment must be located in the
stream system so that it is, in a hydraulic sense,
upstream of the flood-vulnerable areas and thus
physically positioned so as to prevent excessive
floodwaters from reaching those areas. Anadjust-
ment factor for location, having a maximum value
of 1.0, was assigned Lo each polential reservoir
site; and the previously established relative flood
control ratings were reduced in proportion to this
factor. The adjustment for location and the final
flood control ratings developed for each potential
impoundment location are set forth in Table 16,

Flow Augmentation and Water Supply Potential:
The effectiveness of a reservoir for the purposes
of low-flow augmentation or water supply is pri-
marily dependent upon its potential to continuously
deliver large, guaranteed flow rates with a mini-
mum drawdown so as not to interfere with other
reservoir uses, particularly recreation. These
requirements are most likely to be met by large
impoundments located in the lower portion of
the watershed, since, by virtue of both position
and size, such reservoirs will capture much of
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the watershed runoff for storage and subsequent
release as needed and by virtue of size, particu-
larly with respect to surface area, will produce
a minimum change in water surface elevation for
a given volume of low-flow augmentation or water
supply release, thus minimizing interference with
other uses.

The reservoir sites were assigned relative ratings
for low-flow augmentation and water supply poten-
tial by determining the continuous, uniform dis-
charge that each could guarantee over a 12-month
period based on an arbitrarily selected five-foot
drawdown occurring under conditions of no inflow
to the reservoir. In those few instances where the
discharge so determined exceeded the reservoir's
annual yield—that is, the estimated average annual
flow delivered to the impoundment from its tribu-
tary area—the discharge was reduced accordingly.
The analysis and final low-flow augmentation and
water supply ratings are set forth in Table 17.

Preliminary Design of Spillways and OQutlet
Works: A preliminary design for a spillway and
outlet works was prepared for each potential
reservoir site, assuming, for the screening pur-
poses, that the dams would be either grassed
earthfill embankments or predominantly concrete
structures. Selection of an earthfill embankment
or a concrete structure for a given dam site was
determined by consideration of topographic and
foundation conditions at the proposed location
and by the hydraulic requirements that the struc-
ture store as much of the 100-year recurrence
flood volume as possible and safely divert the
remainder to off-channel storage or Lake Michi-
gan or, in situations where diversion is not pos-
sible, discharge the excess floodwaters to the
river downstream of the dam. Furthermore, the
choice of the type of structure and its preliminary
design included consideration of, and provision
for, diversion or discharge of the maximum
probable flood, an extremely severe flood event
having a peak discharge greatly in excess of the
100-year recurrence interval flood.

Outlet works for all of the sites were assumed to
consist of small control structures in the reser-
voir connected to conduits under the dams. The
outlet works would be structurally and hydrau-
lically designed to control reservoir releases to
meet downstream low flow or water supply needs,
floodwater control requirements, and other mis-
cellaneous needs. Although not developed in detail
for all reservoir sites during the preliminary
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screening process, it is recognized that the opti-
mum use of the water within, and released from,
any impoundment deep enough to develop thermal
stratification requires, in addition to considera-
tion of the quantity and timing of the reservoir
releases, provision for manipulation of the quality
of those releases. Summer thermal stratification
produces acondition of quality stratification within
a reservoir; that is, the development of horizontal
layers or strata exhibiting markedly different
water quality characteristics. Incorporation of
multiple-depth withdrawal capability into the dam
outlet works permits the selective extraction
of waters with desirable quality characteristics
while selectively excluding strata with undesirable
characteristics. The concepts of water quality
stratification and selective withdrawal are further
discussed later in this chapter, where several of
the more promising potential dam and reservoir
developments are treated in more detail.

Selection of Reservoir Sites for Further Consid-
eration: The initial screening of the 19 potential
reservoir locations remaining in the watershed
plus one reservoir arrangement consisting of
a combination of two individual sites revealed
a wide range of potential for multiple-purpose
development, as indicated by the recreation, flood
control, and low-flow augmentation-water supply
ratings summarized in Table 14. Some sites were
eliminated from further consideration because
they were assessed as having no value or, at best,
very low values in two of the three rating cate-
gories. The remaining reservoir sites were then
evaluated in terms of their potential for contrib-
uting to the achievement of the watershed devel-
opment objectives and the likelihood of public
acceptance and, thus, a higher probability of
implementation. To gain the necessary public
acceptance and support, it was assumed that
a site would have to have relatively high ratings
in at least two of the three major rating cate-
gories, preferably in the flood control and recrea-
tion categories.

Flood control, regardless of the relatively small
monetary value in comparison to recreational
benefits, is generally recognized as a desirable
public objective; and it was judged unlikely that
public support would be given to any proposal for
a major river development project which would
not provide significant flood control benefits,
regardless of the potential for other benefits.



Table 17

WATER SUPPLY AND LOW-FLOW AUGMENTATION RATINGS OF POTENTIAL
RESERVOIR SITES IN THE MILWAUKEE RIVER WATERSHED

WATER SUPPLY AND LCW-FLOW
CAM LCCATICN IVMPCUNCMENT AUGMENTATION ANALYSIS
—
N VCLUME
u CONSER- PRCOUCEC CCNTINLOUS WATER SUPPLY
L4 AREA VATICN STCRAGE BY FIVE CISCHARGE AND
] TRIBLTARY | PCCL SURFACE | VCLUNES FEET CF POTENTIAL® LOW-FLOW
E SEC- TC DAM® | LEVEL AREA® | (ACRE- CRAWCCHNY (CUBIC FEET | AUGMENTAYION
RIVER REACH NAME R | STATION | TION | TOWN | RANGE (ACRES) (FEET) (FEET) FEET) (ACRE-FEET) | PER SECOND) RATING
LCWER FMILWALKEE | GLENCALE 1 11.5 15 8 22 412,5CC 650 800 7.,0C0 3,500 4.8 1
RIVER TEIENSVILLE| 2 20.5 24 S 21 3s1,CCC 670 2,080 18,300 9,000 12.3 2
MECUCN-
GRAFTCA 3 2€.3 31 1C 22 377,CCC 700 7C0 1C,0CC 4,CCC 5.5 1
GRAFTCA 4 31.4 12 1C 21 2S1,CcCC 75C 700 7,00C 3,5C0 4.8 1
SALKVILLE 5 40.3 14 11 21 275,CcCC 185 700 12,0C0 5,CCO 6.8 1
WAUBEKA 6 47.0C 5 12 21 2¢eC,CCC 825 10,400 | 155,0C0C 3¢,CC0 48.C 4
MICOLE MILwAU- NEWBURG 7 55.6 12 11 2C 1€3,CcCC 865 2,300 16,CC0 16,000 21.9 3
KEE RIVER WEST BENC-
TRENTCA 8 €3.9 1S 11 2C 5.12C SCC 600 6,600 3,C00 3.4 1
{245C0)
BARTCN S Tl.4 21 1z 19 136,C0C 930 1,060 10,CCO 5,C00 €8 1
UPPER MILWAUKEE | CANPEELLS-
RIVER FCRT 1C 88.6 1 12 19 37,10C 1,020 3,650 46,CC0 19,000 26.0 3
CECAR CREEK HCRAS CCRN-
ERS 11 41.5 7 1C 21 63,CCC 843.5 5,CC0 35,CccC 1€,CCC 21.9 3
JACKSCA 12 49.6 2C 1C 2C 3c,Cce 854 2,1C0 12,000 645C0 8.9 1
NCRTH BRANCH SCCTT-
SHERMAN 13 €3.9 € 12 21 24,3cCC 845 1,200 12,0C0 6,CCO 8.2 1
CRCHARC
GRCVE 14 52.8 29 12 2¢C €,56C 870 480 4,C00 2,500 3.4 1
MITCHELL
sccrr 15 57.9 34 14 2C 7,68C 1,020 1,1C0 30.CCC 10,CC0 5.2 1
1(3,8C0C)
SCCTT-FARNM-
INGTCN 16 57.9 2 12 2C 14,700 875 610 T,4CC 3,C00 4.1 1
SILVER CREEK SHERMAN-
(SHEBCYGAN FRECCNIA
cc) 17 57.3 22 12 21 6,4CC 853 430 3,100 1,600 2.2 0
WEST BRANCH ASHFCRC-
WAYNE 18 83.5 3¢ 12 18 2,560 1,C2C 150 1,7cCC 8ce 1.1 [}
ELNCRE 19 86.9 23 13 18 19,2C0 1,C20 2,5C0 43,C00 16,CC0 13.1 2
(9,€CC)
MICCLE MILwAU- NEWBURG RESERVCIR CONNECTEC TO KCRNS 23C,CCC 865 7,300 51,000 32,C00 43.8 4
KEE RIVER AND| CCRNERS RESERVCIR VIA SAUKVILLE CEPRESSION® ANC
CECAR CREEK 843.5

°THE TCTAL AREA CF THE MILWAUKEE RIVER WATERSHEC IS 653.8 SCUARE MILES, OR 444,C00 ACRES.

BCCNSERVATICN PCCL LEVEL IS CEFINEC AS THAT ELEVATION AT WHICH THE WATER SURFACE CF A RESERVCIR IS TC BE MAINTAINED FOR NCRMAL LSE DUR-
ING MCST MCNTHS CF THE YEAR. CATUM IS MEAN SEA LEVEL, 1529 ADJLSTMENT.

THE PARAMETERS WERE CETERMINEC BASED ON THE ASSUMPTICN THAT THE IMPCLNCMENT WAS AT THE CCNSERVATICN PCCL LEVEL.

9THIS VCLUME IS THAT WHICF WCULLC BE CISCHARGEL FRCM ThE RESERVOIR BY CRAWING THE WATER SURFACE CCWN FIVE FEET FRCM THE CONSERVATION
PCCL LEVEL UNCER CCNCITICNS CF NC INFLCW TO THE IMPOUNCMENT. NULMBERS IN PARENTHESES INCICATE THE AVERAGE ANNUAL YIELC EBASEC ON AN AS-
SUMEC SIX INCHES CF RUNCFF FROM THE AREA TRIEBUTARY TC THE CAM SITE. AVERAGE ANNULAL YIELC IS THE ANNUAL VOLUME CF WATER THAT, CN THE
AVERAGE, WILL BE SUPPLIELC TC, ANC, THEREFCRE, MAY BE RELEASED FRCM, A GIVEN IMPCUNCMENT. AVERAGE ANNUAL YIELD IS ENTEREC IN THE TABLE
ONLY FCR THCSE RESERVCIRS IN WHICH IT IS LESS THAN THE VCLUME CF WATER ASSCCIATEC wWITH THE AFCRENENTICNEC FIVE-FCOT CRAWCCWN.

®CNE CLBIC FCCT PER SECCNC CF CONTINUCUS CISCHARGE OVER A 24-HOLR PERICC IS ECLIVALENT TC A VCLUME CF APPRCXIMATELY ThO ACRE-FEET, OR

IN A YEAR, WCLLC PRCLUCE ABCUT 730 ACRE~FEET. CONTINLCUS DISCHARGE PCTENTIAL IS THE VCLUMETRIC FLCW WKFICH CCULC BE CBTAINEC FROM AN
IMPCUNCFMENT BY LNIFCRMLY AND CCNTINUCUSLY CISCHARGING, OVER A 12-MCNTH PERICD, THE VCLULME CF WATER PRCCUCEC BY A FIVE-FOCT CRAWDOWN
FRCM THE CCNSERVATICM PCCL LEVEL CR, IF IT IS SMALLER, THE VOLLFME OF WATER ECLAL TC THE AVERAGF ANNUAL YIFLED CF THE RESERVOIR. THIS
PARAMETER PRCVICES A RELATIVE MEASURE OF THE LOW-FLOW ALGMENTATICN CR WATER SUPPLY PCTENTIAL CF EACF SITE. IT SHOULC BE NCTED THAT

THE SAME VOLUME CF WATER CCULLC BE USED TC PRCCUCE LARGER LCw-FLCh AUGMENTATICN CR WATER SLPPLY CISCFARGES COVER SHCRYER PERICDS OF TIME.

fLCW=FLCW AUGMENTATICN ANC WATER SUPPLY RATINCS ARE QUANTIFIED ACCCROING TG THE FCLLCWING SCALE-

EXCELLENT- 4
Geee- 3
FAIR- 2
PCCR- 1
NC VALLE- 0

9THE SAUKVILLE CEPRESSICN, A LARGE, TOPCGRAPHICALLY LCw AREA, WCULC FUNCTICN AS A HYCRAULLIC CCANECTICN BETWEEN THE NEWBURG AND HORNS
CCRNERS RESERVCIRS, IMPCUNCING WATER CONLY CURING MAJCR FLCCC EVENTS, AT wHICK TIME IT wCLLC PRCVICE 12,C0C ACRE-FEET OF STCRAGE AT THE
MAXIMLM FLCCO PCCL ELEVATICN CF B87C FEET MEAN SEA LEVEL.

SCLRCE- HARZA ENGINEERINC CCMPANY ANC SEWRPC.
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All of the reservoirs shown on Map 10 are attrac-
tive recreational projects; and some, by virtue of
their sheer size, stand out as potential major
recreational developments. Four of the reser-
voirs would have surface areas exceeding 3,000
acres; and four other impoundments would have
surface areas exceeding 2,000 acres, all of which
are larger than Cedar Lake, the tenth largest
natural lake within southeastern Wisconsin, with
a surface area of 932 acres. One of the reser-
voirs—Waubeka—would have a surface area at its
conservation pool level of 10,400 acres, larger
than Lake Geneva, the largest natural lake in
southeastern Wisconsin, with a surface area of
5,262 acres, and larger than the combined sur-
face areas of all of the major natural lakes within
the watershed. Rankings shown in Table 14 reflect
this importance of lake size, both recreationally
and in terms of flood control and water supply-
low-flow augmentation performance.

Based on the ratings summarized in Table 14, in
conjunction with the potential for meeting water-
shed development objectives and the likelihood of
public acceptance, the following five reservoir
developments were selected for further analysis
in the study: Thiensville, Waubeka, Newburg, and
Horns Corners sites and a Newburg-Horns Cor-
ners combination site. The first three reservoir
sites are located on the main stem of the Milwau-
kee River; and one, Horns Corners, is on Cedar
Creek. The fifth reservoir site would encompass
both the Milwaukee River and Cedar Creek by
virtue of hydraulically connecting these two rivers
upstream of their natural confluence. Cn initiation
of the more detailed economic and engineering
analyscs, it became apparent that the residential
development which has already occurred in the
Thiensville reservoir site made this site an
uneconomic one, thus precluding it from further
consideration.

In summary, then, the initial screening of the
19 potential reservoir sites remaining within the
watershed identified three single sites—Waubeka,
Newburg, and Horns Corners—and one combina-
tion site—Newburg-Horns Corners—or a total of
four reservoir alternatives, which, by virtue of
their location, size, and physical characteristics,
would definitely perform recreation, flood control,
and low-flow augmentation-water supply functions
and as such warranted more detailed analysis.
These four technically feasible alternatives are
located on Map 10, and the three single sites and
their proximity to existing impoundments are also
depicted in profile form in Figure 1.
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Subsequent sections of this chapter analyze each
of the four reservoir alternatives in greater detail
in order to support a final identification of the
best alternative. This analysis includes a more
detailed description of the physical characteristics
of each reservoir and impounding structure; and
an identification of the monetary costs and benefits
attendant to the development of each reservoir.

Waubeka Reservoir: The initial screening process
indicated that the Waubeka Reservoir was the best
of the four practicable reservoir sites remaining
in the watershed and deserving more detailed
study. Figure 2 illustrates the essential features
of the impoundment and the dam, showing, in par-
ticular, the horizontal extent of the reservoir
when the water surface is at both the conservation
and flood pool level; impoundment volume and
surface area as a function of pool stage; and the
structural aspects of the dam and its spillway,
including key elevations.

The impounding structure would be a concrete and
earthfill dam, rising 57 feet above the rock foun-
dation in the stream bed of the Milwaukee River at
asite inSection 29, Town 12 North, Range 21 East,
about one mile upstream from the Village of Wau-
beka. The proposed reservoir would have a sur-
face area of 10,400 acres at Elevation 825, the
proposed conservation pool level. Average lake
depth would be about 15 feet, with a maximum
depth of 40 feet. Storage at the conservation pool
level would be 155,000 acre-feet, and almost all
of the 89,500 acre-foot volume of a 100-year
recurrence interval watershed-wide flood could
be stored in the 85,000 acre-foot flood storage
volume between Elevations 825 and 833. At Ele-
vation 833 the area of the lake would grow to
12,200 acres. The storage potential in the con-
servation pool represents 110 percent of the
annual yield from the 260,000-acre drainage area,
based on six inches of runoff, for a year of aver-
age wetness; and, thus, the reservoir could be
expected to fill in about two years.

In addition to providing for flood abatement, the
reservoir could perform streamflow augmentation
and water supply functions, with little fluctuation
of the lake level. Due to its sheer size, the lake
would afford excellent opportunities for water-
oriented recreation use and for water-related
recreation and residential land development in
an area within easy commuting distance of the
Milwaukee urbanized area.
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PROFILE OF THE MILWAUKEE RIVER AND SELECTED TRIBUTARIES
SHOWING EXISTING AND POTENTIAL IMPOUNDMENTS
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The construction cost of the dam is estimated
at $2,849,000; the cost of acquisition of the
lands and relocation of structures, utilities, and
roads in the reservoir site, at about $19, 000, 000;
and the development of attendant recreational

facilities, at about $4,745,000. This latter cost
represents the estimated initial capital outlay
for recreational development, with staged con-
struction projected to require additional expen-
ditures of $8,600,000 by about Llhe year 1995
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and $12,700,000 additional expenditures by about
the year 2015. The average annual costs total
$2,514,000 and would be $1,466,000 for the dam
and reservoir development, operation, and main-
tenance and $1,048,000 for related recreational
facility development, operation, and maintenance.

Annual benefits of $3,442,000 could be expected
to accrue, of which $149,500 would be for flood
control; $850,500, for fishery; $2,340,000, for
recreation benefits exclusive of fishery benefits;
and $102, 500 for the enhancement of land values.
These primary benefits would result in a project
benefit-to-cost ratio of 1.37. No economically
viable potential for the generation of electrical
power presently exists at this site. In addition
to the primary benefits assigned monetary values,
significant secondary benefits could be expected
to accrue to which no monetary values were
assigned. These include, among others, the eco-
nomic stimulation engendered through construc-
tion of the dam and supporting facilities and
development of urban and recreational land uses
in the vicinity of the reservoir.

The costs of opportunities foregone were not
directly identified but were assumed to be included
in the costs of land. A modest potential presently
exists to support hunting and fishing in several
woodland and wetland areas of the proposed reser-
voir site. The potential for these types of recrea-
tional activities and for additional water-oriented
recreational activities that would be created by
the development of the reservoir are far greater
than those supplanted (see Chapter III, Volume 2,
of this report). Certain valuable elements of the
natural resource base would be lost, including
a timber swamp; a small natural lake (Lake
Twelve); existing deer, rabbit, and squirrel habi-
tat; and established stream shoreline vegetation.
These losses, however, would be offset by the
creation of much larger, new, and more desirable
wetland areas along certain portions of the shore-
line of the reservoir; the reforestation of other
reaches of the shoreline; the creation of waterfowl

habitat, particularly for spring and fall migrants;

and the creation of a large fishery.

The proposed reservoir would center along the
North Branch of the Milwaukee River, extend
upstream from the dam about 13 miles, and
include the existing lake impounded by Gooseville
Dam in Sherman Township. During storage of
a 100-year recurrence interval flood on a full
conservation pool, the lake would extend upstream
to the vicinity of Cascade Swamp and Lake Ellen.
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Flood Control Operation and Resulting Bene-
fits: Application of the flood-flow simulation

model indicated that a 100-year recurrence inter-
val watershed-wide® flood event will generate
a peak discharge at the Waubeka site of about
11,000 cfs and a corresponding flood volume of
approximately 89,500 acre-feet that would require
11 days for its passage. The stage-volume curve
for the proposed impoundment shown in Figure 2
indicates that 85,000 acre-feet of water, or essen-
tially all of the 100-year flood volume entering
the impoundment, could be stored between the
conservation pool level at Elevation 825 and
the maximum flood storage pool level at Eleva-
tion 833.

Although major floods on the Milwaukee River
can occur in any season of the year, as described
in Chapter VI, Volume 1, of this report, such
floods are more likely to occur in early spring.
Since recreational activity would be at a minimum
during this period and there would be no need for
flow augmentation during the spring, it would bhe
possible to draw down the reservoir level to an
elevation several feet below the conservation pool
level during the winter in preparation for storage
of spring floodwaters and, thus, completely con-
tain runoff from floods even more severe than
the 100-year event. The amount of drawdown
would be related to the accumulated snowpack on
the watershed. If the snowpack were light, only
a minor drawdown would be made, while if the
snowpack were deep in terms of its water equiva-
lent, a greater drawdown would be made.

The potential benefits that would accrue to the
reservoir for flood control were estimated by
operating the flood-flow simulation model for the
10-year and the 100-year recurrence interval
watershed-wide floods, with all flows originating
upstream from the dam being stored in the
Waubeka Reservoir. The reduction to the flood
damages, as estimated in Chapter VIII, Volume 1,
of this report, was then calculated utilizing the
revised flood profiles. With the Waubeka Reser-

8 The peak discharge at the Waubeka site for a 100-year
recurrence interval flood event occurring only on the
watershed area tributary to the site is 12,300 cfs accord-
ing to the flood-flow simulation model. However, the
11,000 cfs maximum discharge and 89,500 acre-foot flood
volume, as would occur at Waubeka during a watershed-wide
100-year recurrence flood event, are used in this analysis
since, as discussed earlier, the objective of flood control
is to reduce the 100-year recurrence interval watershed-
wide flood event from a peak discharge of 16,000 cfs to
5,000 cfs at Estabrook Park in Milwaukee.



Figure 2
HYDROGRAPHIC AND STRUCTURAL FEATURES OF
A POTENTIAL MULTIPLE -PURPOSE WAUBEKA RESERVOIR
ON THE MILWAUKEE RIVER AND ITS NORTH BRANCH
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voir operated as described above, all damages
from the 100-year recurrence interval watershed-
wide flood would be eliminated in the flood-prone
riverine areas of the Lower Milwaukee River.

Flow Augmentation and Water Supply Considera-
tions: A study was made to determine the poten-
tial of the Waubeka Reservoir for stabilizing
seasonal stream discharge by regulation of low
flows experienced along the Milwaukee River and
to determine the additional effect of releasing
water from storage to augment the regulated low
flows. This repulation and augmentation of low
flows would be beneficial to fish life, and recrea-
tional water uses would enhance water quality both
through dilution and flushing and could serve as
a source of municipal and industrial water supply.
At present, dissolved oxygen levels in the Mil-
waukee River below the Waubeka reservoir site
are often critically low relative to maintenance of
fish life and would be significantly enhanced by
flow augmentation. Stream water temperatures
could be reduced also with a beneficial effect on
the fishery. With reservoir releases, canoeing
and other forms of water-oriented recreation
would be possible, even in low-flow periods.

At present, low-flow augmentation is practiced
within the watershed only in the City of Milwaukee,
where a 12-foot diameter flushing tunnel pumps
water 2,700 feet at a measured rate of up to
420 cfs from a point on the Lake Michigan shore-
line inside the harbor breakwater to a point on
the Milwaukee River immediately downstream of
the North Avenue Dam.” The Milwaukee Sewerage
Commission operates the tunnel on a regular basis
during the summer months; but it is relatively
ineffective in flushing noxious aquatic vegetation,
oil slicks, turbidity, and floating debris from the
estuarine portion of the Milwaukee River down-
stream of the North Avenue Dam. Supplemental
flow augmentation equivalent to several multiples
of that provided by the flushing tunnel would be
needed to generate river velocities high enough
to completely eliminate such floating materials
and thereby markedly improve the appearance
of the lower river. The Waubeka Reservoir could
not continuously supply such large flow aug-
mentation discharges, particularly during the
summer period when most needed, without exces-
sive drawdowns and attendant resulting conflict

° Consoer, Townserd and Associates, Interim Engineering
Report -Humboldt Avenue Pollution Abatement Demonstration
Project, Appendix H, April 1970.
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with recreational uses and aesthetic enjoyment
of the impoundment.'”® Smaller flow augmentation
releases could, however, be provided continucusly
by the reservoir; and these, with occasional,
short-term large discharges, might, in combina-
tion with the flushing tunnel, be effective in
improving the appearance of the river as it flows
through the Milwaukee business district.

As described in Chapter XI, Volume 1, of this
report, ground water and withdrawals from Lake
Michigan are, at present, the two principal sources
for water supply in the watershed. A Waubeka
Reservoir would establish a third alternative, with
water supplies being provided directly from the
reservoir or from the Milwaukee River following
release from the reservoir.

The potential for streamflow regulation and aug-
mentation from the Waubeka Reservoir was quan-
tified on the basis of monthly flows tabulated in
the USGS Water Supply Papers for the period
1914 to 1966. Of these 53 years of record, 42 were
complete enough for use in determining river dis-
charges during the critical low-flow period, from
May through November.

Low flows, such as those which occurred during
the three most critical years of record—1934,
1932, and 1958 —can be expected to occur at inter-
vals of 43, 24, and 21 years, respectively. An
analysis was made to determine the average flows
that could have been maintained in these years
with the release of three to five feet of storage
from an initially full conservation pool in the
Waubeka Reservoir, drawdowns which should not
interfere unduly with recreational activity on the
reservoir. Three feet of drawdown between the
conservation pool elevation of 825 and Elevation
822 would result in a 7 percent reduction in the
lake surface area and would yield about 25,000
acre-feet of water, while five feet of drawdown
to Elevation 820 would result in a 16 percent
reduction in the lake surface area and would yield
about 44,000 acre-feet of water.

10 por example, if the Waubeka Reservoir were to supply, in
addition to the average streamflow that presently occurs
without the reservoir, a discharge equal to the flushing
tunnel capacity (420 cfs) for the four-month June through
September period, the reservoir surface would be drawn down
from the conservation pool level of 825 feet to an eleva-
tion of about 813 feet, during which time approximately
100,000 acre-feet of water would be released from the
impoundment; and its surface area would be reduced by about
40 percent.



During 1934 the minimum monthly flow was 19 cfs,
and the May through October average flow was
55 cfs. With three feet of drawdown of the reser-
voir, flow for this critical six-month period could
have been maintained at a constant 123 cfs, equi-
valent to 1.2 inches of runoff from the entire Mil-
waukee River watershed tributary to the gaging
station at Estabrook Park. During 1932 the mini-
mum mean monthly flow at Estabrook Park was
27 cfs in September, while the June through
November average was 59 cfs. With three feet of
drawdown of the reservoir, the flow throughout
this six-month period could have been maintained
at 180 cfs, equivalent to 1.8 inches of runoff from
the entire Milwaukee River watershed tributary
to the gaging station. During 1958 the minimum
monthly flow was 57 cfs, while the May through
November average flow was 86 cfs. With three
feet of drawdown of the reservoir, the average
flow for this seven-month period could have been
maintained at 144 cfs.

Figure

The duration and sequence of flow augmentation
releases corresponding to three feet and five
feet of Waubeka Reservoir drawdown for the
aforementioned critical years and the resulting
augmented streamflows are depicted graphically
in Figure 3. The augmented streamflows include
inflows to the reservoir and tributary flow to the
river downstream of the reservoir in that it was
assumed that natural flows entering and leaving
the proposed reservoir site and entering the
river downstream of the site would continue
to do so in the presence of the reservoir; and,
therefore, reservoir releases include natural flow
plus additional discharge or flow augmentation
extracted from reservoir storage. Consider, for
example, the hypothetical Milwaukee River flow
augmentation sequence for 1934 with three feet
of total drawdown, as represented graphically in
Figure 3. During June the total average discharge
at Estabrook Park would have been 123 cfs. Of
this total, 19 cfs would have occurred naturally
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in the absence of the impoundment, while the
remaining 104 cfs represent streamflow that would
have been made possible by, and released from,
the Waubeka Reservoir.

Figure 4 shows the time intervals during which
various uniform, continuous streamflows could be
maintained, exclusive of inflow to the reservoir,

by three- and five-foot drawdowns of the Waubeka
Reservoir. This graph was used in the aforemen-
tioned flow augmentation analyses and would be
generally useful in planning the timing, magni-
tude, and duration of Waubeka Reservoir flow
augmentation releases so as to produce draw-
downs consistent with use of the reservoir for
recreational purposes. Augmentation flows could

Figure 4

WAUBEKA RESERVOIR FLOW AUGMENTATION RELEASES AS A
FUNCTION OF DURATION FOR DRAWDOWNS OF 3 AND 5 FEET
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be released at varying times and rates in such
a manner as to benefit downstream fish life.
Also, occasional large releases could be made
to maintain water quality conditions at critical
times; to meet unusual water supply needs; or
to enhance certain forms of water-oriented rec-
reation, such as canoeing.

Figure 4 indicates that it would be possible to
maintain a flow of more than 120 cfs in the river
at Estabrook Park, even during a year similar
to 1934, the most critical year in the 42-year
period of record, and to do so with only three
feet of drawdown. The full three feet of draw-
down would not have occurred during the three
critical low-flow years until October or November,
which is well after the close of the lake-oriented
recreational season in southeastern Wisconsin.
Maintenance of as much as 120 cfs of flow in the
Milwaukee River at Milwaukee during the entire
summer is probably not necessary, but the draw-
down of Lake Waubeka once in 10 years by one to
two feet during the peak recreational season and
by as much as three feet in the fall would not
interfere significantly with other lake uses. It
would be possible to refill the reservoir during
the subsequent fall-winter-spring period as opera-
tion requires.

Average monthly Milwaukee River discharges at
Estabrook Park for the low-flow periods of three
more typical or normal years of record are shown
in Figure 5 to provide a comparison with the three
years of extreme low flow and to suggest the aug-
mented flow conditions that could exist during
years of relatively normal streamflow. For the
seven-month period shown in Figure 5, it follows
from Figure 4 that three feet of drawdown would
increase each monthly average streamflow by
60 cfs, while five feet of drawdown would increase
each such streamflow by 100 cfs throughout the
seven-month period. It is more likely that, during
normal years, water would be released from
the reservoir at high rates over selected short
periods of time when natural flows are lowest
rather than at a uniform rate. For example, in
a year with streamflows similar to those that
occurred in 1945, releases on the order of 150 cfs
or more would be concentrated in the months of
July and August, with little flow augmentation
provided during other months of the year.

It would be also possible for communities and
industries located along the Milwaukee River
downstream from Waubeka to utilize the river

as a source of water supply by drawing water
directly from the river, thus necessitating only
very small lifts and short conveyance facilities.
Community development on the periphery of, or in
close proximity to, the Waubeka Reservoir could
consider the impoundment an additional source
of water supply, with some areas being served
by gravity flow. Such alternatives might prove
attractive for some communities within the water-
shed beyond the design year of the watershed plan
as ground water sources are developed to desira-
ble limits. The only other alternative source of
water for such communities would be from Lake
Michigan, which would require a pump lift of
100 to 300 feet and long conveyance works,

The analyses described above were intended solely
to demonstrate the potential of the Waubeka Reser-
voir to augment low streamflows. No attempt was
made to determine or recommend a level at which
the low flows should be maintained. Low-flow
augmentation requirements will vary with demand
conditions and time and would have to be deter-
mined in the preparation of an operational plan
for the reservoir, should the reservoir be con-
structed. Although low-flow augmentation would
yvield fishery, recreation, water supply, and aes-

Figure 5

HISTORIC LOW FLOWS OF THE MILWAUKEE RIVER
AT ESTABROOK PARK FOR THREE TYPICAL YEARS
SELECTED FROM 53 YEARS OF RECORD
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thetic benefits throughout the Lower Milwaukee
River, the unpredictable nature of the demand for
those benefits and their intangible monetary value
precludes assignment of a dollar benefit to the
low-flow augmentation that would be possible
with the development of the Waubeka Reservoir.
Therefore, in the subsequent economic analysis
of the reservoir, low-flow augmentation benefits
are conservatively valued at zero.

Recreation Development: As indicated earlier in
this chapter, studies made by the Wisconsin
Department of Natural Resources and published
in a 1968 report establish the need for additional
water-oriented recreational facilities within the
Southeastern Wisconsin Region. An evaluation of
the capacity of a reservoir to satisfy a portion of
this need and the benefits and costs that would
accrue to reservoir-recreation development, along
with an evaluation of land enhancement that could
be expected to take place after a dam and reser-
voir were built in the watershed, are analyzed
and described in Appendix D of Volume 2 of this
report. Appendix D indicates that, after a reser-
voir is constructed, the present worth of the
benefits from development of public recreation
facilities can be expected to be more than twice
the present worth of the recreation facility devel-
opment and operation costs.

The expected annual visitation to recreation sites
is the basis for development of costs of recrea-
tion facilities and recreation-user benefits. The
demand curve method of analysis, which is deter-
mined on a supply-and-demand market basis, was
used for evaluation of specific sites. The poten-
tial for enhancement of basic land values through
residential and commercial development and the
economic impact of a reservoir project on the
nearby area are also described in Appendix D.
The feasibility of a new town development on
the shoreline of the reservoir is described in
Appendix E,

It is estimated that initial (1970) use of recreation
facilities at Waubeka Lake would total 1,560,000
visitations yearly and that recreation use would
increase to 2,354,000 annual visitations by 1990
and to nearly 4 million visitations within a period
of 50 years. Developed recreation areas would
encompass 2,000 acres of land, as shown in
Figure 2, with land and facilities required to
support the initial levels of use estimated to
cost $4,745,000, with additional expenditures of
$8,600,000 projected for 1995 and $12,700,000
projected for the year 2015. Annual net benefits
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from recreation use, exclusive of annual fishery
benefits of $850,500, were estimated to total
$1,600,000 and $2,470,000, respectively, for the
initial and 1990 use levels at Wauheka. For a proj-
ect with a 50-year life and a discount rate of
6 percent, the present worth of all recreation
benefits is $50,362,500, for an average annual
benefit of $3,190,000, while the present worth of
the recreation capital and operation and main-
tenance costs is $16,500,000. Therefore, the
benefit-to-cost ratio is 3.05. It should be noted
that the costs for recreation development around
Waubeka Lake are exclusive of allocated reservoir
and dam costs.

Enhancement of Land Value and Local Income:

Many people have a preference for residential
building sites on or near a lakeshore and are
willing to pay additional sums of money to satisfy
this preference. The resulting increase in the
value of land due to the proximity to a water area
is an added benefit of a reservoir project. The
evaluation of land enhancement benefits was based
on the assumption that about 5,220 lots on 3,770
acres adjacent to 120,000 feet of the lakeshore
would be sold over a period of 20 years, following
development of the reservoir. Land enhancement
value, defined as the difference between the pres-
ent worth of the market value of the developed
land minus the present worth of the development
costs, is, as calculated in Appendix D of Volume 2
of this report and summarized in Tables D-11 and
D-12 of that appendix, $1,615,000, or $435 per
acre. Development costs include expenditures
for land, sanitary sewers and sewage treatment
facilities, water treatment and distribution facili-
ties, street improvements, site preparation, beach
and private recreation facilities, planning and
engineering services, advertising, sales commis-
sions, and financing. In alternative agricultural
use, the land is presently (1969) worth about
$3,000,000, or $800 per acre, including struc-
tures; and, therefore, residential development on
about 45 percent of the periphery of the Waubeka
Reservoir would enhance the present worth of the
land by $1,615,000, for an increase of approxi-
mately 50 percent over its present worth as agri-
cultural land.

Additional evaluations of the impact of a reser-
voir on the tax base and of the general economy
of areas nearby are described in Appendix D of
Volume 2 of this report. It is estimated that
the gross local income would increase about
$3,000,000 annually as a result of the develop-



ment of the Waubeka Reservoir. As indicated in
Appendix D, a temporary decrease in taxable real
estate value would probably occur initially; how-
ever, in the long run, the municipalities would
experience gains more than offsetting such ini-
tial losses.

In lieu of benefits from the more usual recreation-
related residential land subdivision development
described above, land enhancement benefits might
in the alternative accrue from the development of
a new town complex on a portion of the shoreline
of the proposed Waubeka Reservoir. Appendix E
of Volume 2 of this report contains a preliminary
analysis of three alternative new town complexes,
ranging in size from a proposal with a design
population of 29,300 people on a total area of
3,950 acres to a community of 57,700 residents
encompassing 7,477 acres. New town develop-
ment was indicated to be feasible at the Waubeka
reservoir site, in that the basic requirements
for the development of an urban community are
met, including sufficient acreage; high-value land
and water resources; adequate soil, vegetal, and
topographic conditions; and proximity of, and
access to, existing employment centers by good
transportation facilities. While the aforemen-
tioned preliminary assessment establishes the
engineering feasibility of new town development at
the Waubeka site, it does not indicate whether or
not this development would be economically sound,
since the extensive analysis required to make
that determination is beyond the scope of the
watershed study.

Hydroelectric Power Evaluation: A power head
of about 30 feet could be developed with the
installation of a powerhouse at the Waubeka sile
discharging to the Milwaukee River. This low
head, combined with the flow characteristics
of the Milwaukee River, make consideration of
a conventional powerhouse at the Waubeka Dam
economically unattractive. The U. S. Army Corps
of Engineers had previously considered a pumped
storage electric power generation project with
Waubeka as the upper reservoir and Lake Michi-
gan as the lower reservoir and concluded that
such a project was also economically unattractive.
For the present study, a similar project was
costed for a hydroelectric facility with a peak
power capacity of 240,000 kilowatts, a net head of
250 feet, and eight hours of generation per day.
Thc major capital costs for such an installation
would be incurred in the construction of water
conductors, totaling about 12 miles of open channel
and tunnels.

The investment cost for powerhouse, switchyard,
transmission {facilities, water conductors, and
engineering would be about $140,000, 000, with the
water conductors representing almost 85 percent
of the cost. This would represent a capital cost
of about $585 per kilowatt installed capacity,
exclusive of any allocated costs of the dam and
reservoir. At present, pumped storage projects
are being built for installed capacity costs of
about $120 per kilowatt, including costs of the
upper reservoirs. The result of this cost analysis
was not surprising, as it has been found that
pump storage projects of this type are normally
uneconomical if the ratio of the length of the
conveyance facilities to the head developed is
greater than six to one, or if the minimum devel-
opable head is less than 300 to 400 feet.

Land and Relocation Considerations and Costs:
As shown in Table 18, the cost for purchase and
preparation of land and the relocation of houses,
buildings, roads, and bridges in the reservoir
site, is estimated to total about $19,000,000
and would constitute the largest capital invest-
ment incurred in the development of the Waubeka
Reservoir. This cost was estimated by assuming
that land would be purchased up to the 845-foot
contour. There are about 14,500 acres of land
enclosed by the 845-foot contour, 2,500 acres
more than the area covered during storage of the
100-year watershed-wide flood event, at which
time the reservoir surface would be at Eleva-
tion 833. Although this represents a conserva-
tively high estimate of the land requirement, it
is considered reasonable for cost estimating pur-

Table 18

ESTIMATED LAND AND RELOCATION COSTS
FOR THE WAUBEKA RESERVOIR IN THE
MILWAUKEE RIVER WATERSHED

TOTAL
ITEM QUANTITY UNIT COST cosT

ACQUISITION OF LAND (EXCLUSIVE OF
IMPROVEMENTS) 14,500 ACRES® $400/ACRE $ 5,800,000
LAND CLEARING AND PREPARATION
(EXCLUSIVE OF STRUCTURE REMOVAL) 3,000 ACRES 500/ACRE 1,500,000
ACQUISITION OF RESIDENTIAL
STRUCTURES 170 25,000 4,250,000
ACQUISITION OF OTHER BUILDINGS® 260 5,000 1,300,000
RELOCATION OF ROADS AND BRIDGES - - 1,150,000

SUBTGTAL $14,000,000

CONTINGENCIES - 25 PERCENT $ 3,500,000
ENGINEERING SERVICES 1,000,000
INTEREST DURING CONSTRUCTION 500,000

SUBTOTAL $ 5,000,000

TOTAL RESERVOIR LAND AND
RELUCATION COSTS $19,000,000

° INCLUDES 2,500 ACRES IN EXCESS OF THE AREA THAT WILL BE INUNDATED WHEN THE
RESERVOIR SURFACE IS AT THE 100-YEAR RECURRENCE INTERVAL FLCOD STORAGE
ELEVATION OF 833 FEET, MSL. INCLUSION OF THIS ADCITIONAL LAND IN THE ECONOM(C
ANALYSIS IS PRIMARILY INTENDED TO ACCOUNT FOR THE IRREGULAR SHAPE OF REAL
PROPERTY BOUNDARY LINES AND THUS THE NECESSITY TO PURCHASE LANDS IN EXCESS OF
THAT ACTUALLY REQUIRED TO CONTAIN THE RESERVOIR.

PDEMOLITION OR REMOVAL COSTS ARE ASSUMED TO BE EQUAL TO SALVAGE VALUE.

SOURCE- HARZA ENGINEERING COMPANY.
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poses at the general planning stage, since taking
lines for actual land purchases will have to follow
or be otherwise properly related to real property
boundary lines rather than topographic contours.
The amount of land included in the estimates is
enough to contain the dam and reservoir, with
2,000 acres in the flood pool (Elevation 825 to
Elevation 833) available for limited shoreland use
and an additional 2,500 acres between Elevations
833 and 845 available for less restricted shore-
land use.

A survey of property values in the Milwaukee
River watershed was made by reviewing classified
advertisements appearing in newspapers of local
circulation from April of 1968 through March of
1969. Twelve tracts of land suited to agricultural
use within or near the Waubeka reservoir area
were selected for analysis. The tracts ranged in
size from 10 to 163 acres, which areas appeared
to be reasonably representative of landholdings
within the project area. In general, tracts where
a major portion of the cost was in buildings
were not selected; and costs for those selected
tracts with buildings were adjusted downward
by the estimated value of the buildings. Tracts
with large areas of wooded and marshy lowlands
were also excluded. A weighted average of the
owner's asking price per acre was computed for
the selected tracts, after deletion of the highest
and lowest values. The weighted average was
reduced by 5 percent, on the assumplion thal the
asking price is normally about 5 percent higher
than the selling price. The adjusted price for the
12 tracts of land ranged from $150 per acre to
$700 per acre, exclusive of buildings; and the
weighted average price per acre was $346. Based
on the results of this survey, a conservative
purchase price of $400 per acre, exclusive of
structures, was used in the economic analysis of
the Waubeka reservoir development.

The value of 170 private homes and 260 other
buildings located within the reservoir site was
estimated separately from the land values. Aver-
age prices of $25,000 per home and $5,000
for each outbuilding were used. Total building
counts and estimates of wooded acres which would
require clearing within the reservoir site were
made based on 1967 aerial photographs. A total of
about 3,000 acres of land would require clearing
and preparation prior to inundation.
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Road and bridge relocation requirements were
analyzed from 1967 aerial photographs. Based
on the need to relocate 12 miles of two-lane
roads and bridges, as shown in Figure 2, the
road and bridge relocation cost was estimated at
$1,150,000. There were no water or sewage
treatment plants, electrical or gas transmission
lines, or other major utilities within, or adja-
cent to, the reservoir site which would require
relocation.

Dam and Qutlet Work Design and Costs: The
required dam could be built on the Milwaukee
River at River Mile 47.0, approximately 1.4 miles
upstream from the existing weir at Waubeka and
about one mile downstream from the mouth of
the North Branch tributary, as shown in Figure 2.
The dam and spillway would consist of a 1,300-
foot-long earth embankment, with a concrete weir
and gated control located in the middle portion
of the structure. The dam superstructure would
rest on the existing rock foundation at Eleva-
tion 783 and rise 57 feet to a dam crest elevation
of 840. The concrete ogee spillway would have
a 50,000 cfs discharge capacity, a total width of
460 feet, a crest elevation of 825, and would be
surmounted by a system of 10-foot-high radial
gates. The topographic saddle located on the left
bank' of the river is a potential alternate location
for the spillway. The final selection of spillway
location would be made during engineering design
studies undertaken subsequent to a decision to
construct the reservoir.

Site Foundation Characteristics

The dam site is located in a reach of the
Milwaukee River which has a broad, flat
valley with gentle slopes on both abut-
ments. Soils maps for the reservoir site
and environs were available from the
detailed operational soil survey conducted
for the Commission by the U. S. Soil Con-
servation Service, and foundation condi-
tion data were available from earlier joint
studies made by the Federal Works Prog-
ress Administration and. the Wisconsin
Public Service Commission. The latter data
from 150 boreholes and two test pits indicate

n
“Left” or ‘right” bank of a river, as identified in this
report, is that bank as seen looking downstream.



bedrock at depths of 1 to 13 feet along the
axis of the proposed dam, with the bedrock
generally overlain locally by sand and gravel
deposits. These deposits, in places are, in
turn, generally covered by clay or loam and
clay soils. The maximum thickness of the
sand and gravel deposits along the axis of
the dam is three feet. A thickness in excess
of 7.3 feet is reported in borings taken
200 feet upstream to the west. Treatment
of these zones would be required to pre-
vent seepage.

Dam site topography, the proposed dam
axis, and the location of boreholes and test
pits, as reported in the aforementioned joint
WPA-PSC study, are shown in Figure 6; and
a cross section through the dam site along
aline corresponding to the dam axis appears
in Figure 7. The soils survey data indicate
possible permeable conditions on the south
abutment. On the north abutment, clayey
subsoil is mapped in the crest area. This
material is described as having low bearing
capacity when wet and high shrink-swell
potential. Also mapped along the axis on the
left abutment are areas of loamy outwash
overlying loose sand and gravel, a highly
permeable zone, and alluvial land. This
information compares favorably with infor-
mation shown on the aforementioned geo-
logic sections.

The analyses of the available foundation
investigation and soils data, supported by
the results of a field reconnaissance survey
conducted by geologists and foundations engi -
neers at the Harza Engineering Company,
indicate that the Waubeka site has the most
promising foundation conditions of all of the
remaining large reservoir sites within the
watershed and that no unusual foundation
problems or costs should be encountered in
the construction of a dam at this site.

Dam and Spillway Configuration

A preliminary project layout, as described
below, was made for the purpose of estab-
lishing the project features necessary for
the preparation of project cost estimates.
The proposed layout of the dam, spillway,
and outlet works based upon the analysesof
information collected by the geologists and
engineers of the Harza Engineering Company
during the site inspection; upon information

obtained in previous investigations of the
topographic and subsurface conditions at the
site; and upon analyses of the hydrologic,
hydraulic, and foundation conditions at the
site is shown in Figure 2.

Because of the presence of the sand and
gravel deposits overlying the bedrock foun-
dation, a full foundation cutoff, consisting of
the extension of the impervious core of the
embankment to bedrock, was included in the
layout and estimates of cost. Excavation
under the concrete ogee spillway and stilling
basin was also extended to the bedrock. The
rock would be grouted under the dam to
complete the seepage barrier.

The spillway crest elevation was set at the
proposed conservation pool level of 825.
This would permit storage of approximately
all of the 100-year recurrence interval flood
volume of 89,500 acre-feet in eight feet of
rise in the reservoir surface to Elevation
833, with the crest gates closed. The spill-
way was made wide enough to pass the maxi-
mum probable flood' of 50,000 cfs with
a rise of 10 feet to Elevation 835. The gross
width of the spillway would be 460 feet; and
flow over the crest would be controlled
by 10 radial gates, each 10 feet high,
with a 42-foot-wide opening. The maximum
height from the rock foundation to the ogee
crest would be 42 feet, and the dam height
would be 57 feet. Energy of the flow over
the crest would be dissipated by a concrete
stilling basin about 450 feet wide and 50 feet
long. Baffle-blocks and an end sill would be
positioned in the stilling basin to increase
the slope of the energy gradient within
the basin.

Downstream low-flow augmentation and water
supply quality and quantity requirements
would be met with multiple—depth, gated
outlet works in the dam, each consisting of
a sluice gate mounted in the upstream face
of the concrete spillway section connecting

'2 The maximum probable flood is defined as the largest
flood that can be expected, assuming maximum simultaneous
occurrence of all theoretically possible flood-producing
factors in the watershed area. It would be catastrophic
in nature and, for economic reasons, has little bearing
on floodland use regulations or even engineering design,
except for determining spillway capacities of major dams.
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Figure 6

TOPOGRAPHY AND BOREHOLE LOCATIONS AT THE
WAUBEKA DAM SITE ON THE MILWAUKEE RIVER

AT RIVER MILE 47.0
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Figure 7

VALLEY CROSS-SECTION ALONG THE AXIS OF THE
PROPOSED WAUBEKA DAM ON THE MILWAUKEE RIVER
AT RIVER MILE 47.0
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Source: Wisconsin Public Service Commission and The Works Progress Administration.
to a conduit through the dam and discharging extend to the stripped earth foundation at
into the stilling basin. These outlet works side slopes of one on two. The impervious
would also facilitate drawdown of the reser- zone would extend vertically below the earth
voir surface below the spillway crest eleva- foundation to bedrock. The outside pervi-
tion of 825 in anticipation of, and to provide ous zone would have a top width of 30 feet
storage for, major flood events. A minimum at Elevation 840 and would extend to the
of three different outlet depths would be stripped earth foundation at side slopes of
provided between the base of the dam at one on three upstream and one on two and
Elevation 783 and the spillway crest at Ele- one-half downstream. Wave protection would
vation 825. The sluice gates would allow for be provided on the upstream slope by a one-
the discharge of variable flow rates through foot thickness of sand and gravel bedding,
each outlet and would also facilitate th