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APPENDIX A
PLAN FORMULATION

GENERAL

The plan formulation process involves identification of water
resource problems, needs, concerns, and opportunities; identification and
development of alternative measures to meet those needs; assessment and
evaluation of alternatives; refinement of alternatives recommended for
further study; and selection of a recommended plan. Problems, needs,
and opportunities were identified from past studies and published
reports, through various meetings, by exchange of correspondence, and
through discussions with individuals and Federal, State, and local
representatives. Alternative measures to satisfy the critical and most
urgent water resource needs were cooperatively delineated, evaluated, and
re:ined with local and State interests. Selection of a final plan was
dependent upon the formulation process and the interactions with local

interests.
PROBLEMS, NEEDS, CONCERNS, AND OPPORTUNITIES

The primary concern expressed by the public is the control of floods
on the Wisconsin River. From the mid-1300's until now, the Federal
Government, the State, and the local interests have worked individually
and cooperatively to reduce the magnitude of the floodwaters. Still,
flood problems remain and there is a definite need to provide a solution
to the flood potential that exists within the study area.

When the study began in 1976, pertinent concerns were identified
over the floodplain regulations whicn had been adopted based on flood-
plain information reports for the Wisconsin River (Corps of Engineers,
1972 and 1975) and U.S. Geological Survey floodprone area maps. The
hydrology and hydraulic analysis on which the regulations were based was

A-1
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A contested by a group of local citizens. The Wisconsin Department of
| Natural Resources and the U.S. Geological Survey expressed a need for a
low-flow analysis on the Wisconsin River. As a result of these concerns,
various interests saw this study as an opportunity to conduct an inter-

agency hydrologic and hydraulic analysis of the existing conditions.

During the study, the Portage Canal became a registered national
landmark, and strong local interest was expressed for restoring the
canal. The Portage Canal Society has been actively seeking support from
the Corps of Engineers since 1977. Because a flood control project at

-_—e- o o -

Portage would involve the canal area, additional studies were needed to

determine specific ways in which the canal could be made a functional
‘ part of the project and still maintain its historic character. The
- Portage levee, canal, and lock are shown on the following figure.
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Portage Levee, Canal, and Lock - 1983
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Although all of the various agencies and the public in Columbia

. County are vitally interested in having the study completed, there is a
desire by many that suggests all of the floodprone areas must benefit

from development of a flood damage reduction plan. Should a feasible

f plan for flood control be developed for only a portion of the floodprone
l area, public opposition may occur in areas not receiving added flood
protection. Based on a 1682 Institutional Analysis, concerned citizens

in adjacent townships have documented this expressed opposition, "Any

increase in flood stages in adjacent areas as a result of single area

: flood protection will be carefully scrutinized in terms of the existing
floodplain regulations and could likely lead to litigation."
The State of Wisconsin, Department of MNatural Resources, currently
i' maintains the existing levee system for Portage, Lewiston, and Caledonia
(see the following figure). This is the only levee the State maintains,
The State has indicated a willingness to continue to maintain any levees
not recommended for upgrading in this study. Without the formation of a
i special District, the State's Constitution prohibits the Department of
5 Natural Resources from acting as a local sponsor for a flood control
: project. Although local interests have indicated a preliminary willing-
.. ness to sponsor a project, they would very much like to see the State act
' as the local sponsor for any proposed improvements.
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FLOOD PROBLEMS

b, ="

E; Floods on the Wisconsin River result from snowmelt runoff and from
T} rapid runoff following intense rainfall. Spring floods produced by
*l snowmelt and rainfall occur with about the same frequency as summer
1 fiouds produced by rainfall alone. Floods last up to 8 days on the
[ Wisconsin River in the vicinity of Portage. Scenes from the 1938 flood
- are shown on the following figure.
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1938 Flood, Portage, Wisconsin
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The first record of river stages at Portage dates from March 15873
when a staff gage was established at the Portage Canal lock by the U.S.
Weather Bureau (now the National Weather Service). The gage is read

daily by a resident of the city. A U.S. Geological Survey water stage

recorder nas been measuring flow since 1934. This gage is about 3 miles

downstream of Wisconsin Dells and 11 miles upstream of the study area

- limits.
F Significant high-water periods occurred in 1880, 1900, 1905, 1911, ' )
1922, 1935, 1933, 1943, 1951, 1960, 1965, 1967, and 1973. The years in

which river levels were above flood stage (17.0 feet at the Portage lock)

are shown on the following figure,

A-8
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During the early floods, the Wisconsin River overflowed into the low e i
marshy land on both sides of the river a few miles upstream and down- RN
stream of Portage. Overflows to the south entered the Baraboo River and

overflows to the north entered the Fox River.

From 1866 to 1880, farmers from Lewiston constructed a series of
small levees for local protection. After a damaging flood in 1881 the
levees required repair. This work was done by Lewiston, the State, and

the Federal Government. Most of the money for construction was provided -fA”

- by a drainage fund from the sale of marshland. In 1885, a levee was
constructed on the south bank of the Wisconsin River to protect lands
: to the south and east. This levee was paid for by the township of -
‘: Caledonia, also from the sale of marshland. R

Tﬁe confining of floodwaters by levees on both sides of the river
upstream of Portage and the loss of flood storage in marshlands raised
the height of floods at and below Portage. Thus, another levee was L;;;
constructed but this time to protect the city of Portage. This levee was —
completed by the Federal Government in 1890 at a total cost of $18,000. 2:{;
The Portage levee caused floodwaters to flow more freely on the south e

bank of the river opposite the city. In 1891, a levee was built on the

south bank below the Route 78 bridge. This levee was paid for from the

sale of marshlands.

In 1901, the Portage Levee Commission was established to maintain,
raise, and extend the levees. The Commission was abolished in 1961 and - -
its duties were made the responsibility of the State. Today the levee

system consists of a 13-mile reach of discontinuous sand levees along
both sides of the Wisconsin River upstream, in, and downstream of _
Portage. The total length of the levees is almost 18 miles. The 9% -
miles of levees on the south bank of the river is referred to as the -
Caledonia levee and prevents the flooding of some small farms, Interstate
90-94, and the Pine Island State Wildlife Area. The 5-mile Lewiston and :'_fi_-_-l
the 3l-mile Portage levees on the north bank reduce the potential - -
R .
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flooding of city property, farmland, highways, the railroad, and the Fox
River basin. The following figures are photographs of the Portage,

Caledonia, and Lewiston levees.
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The largest recorded flood occurred in September 1938 and had a flow
of 72,200 cofs (cubic feet per second). The stage at the Portage locks
was 20.5 feet, or 795.6 feet above mean sea level. The Portage levee was
breached by a 20-foot-wide gap which resulted in widespread floonding.
A school bus was reported to have been placed in the breach and is said
to be still there. After this flood the levees were raised about 2
feet above that high water surface at all points. This was the last
documented raise of the levee system. The southern end of the Portage
levee was extended about 1,000 feet in 1969 under the Corps flood

emergency authority.

Overall, the levees are not reliable. Small breaches in the levees
occurred in 1971 and 1973 with overtopping in 1938. The levee system was
built haphazardly over a 100-year period as money became available or
when the river threatened to breach a section. Based on soils analysis
of borings (see appendix E) and a comparison of 70 levee cross sections
with standard Corps design, the existing levee system cannot be certified
adequate for any degree of protection. A more thorough discussiin on the

adequacy of the levee system is provided in the main report.

Basement flooding has occurred regularly in the first ward in
Portage. The Ward 1 area (see the following figure) is bounded by the
canal, the levee, and the eastern side of the city limits. This is the
primary potential urban damage location within the study area. Minor
flooding also occurs in Portage along West Edgewater, West Carroll, and
Conant Streets near the Wisconsin River, an area with no levee
protection, and in the Pauquette Park area near the Highway 33 bridge.
Blackhawk Park, located across the river from Portage between Long Lake
and the Wisconsin River downstream of the Caledonia levee, is also
flooded regularly. However, many of the homes there are seasonal and are
elevated on timbers or concrete blocks. The figure on page A-17 shows a

general map of the floodprone area within the Portage area.
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At normal stages, the Wisconsin River at Portage is about 6 feet
above the Fox River. At flood stages this difference can increase to as
much as 20 feet. If the levees were breached or overtopped, floodwaters

would travel overland into the Fox River basin, less than 2 miles away.

Flood damages from Wisconsin River overflows have been reported to
occur in communities along the upper Fox River, although no damages have
occurred in recent years. The flood of June 1880 sent a large volume of
Wisconsin River water down the Fox River via the lowland in the Portage
area. Damage in the hundreds of thousands of dollars was sustained in
the Fox River valley, and the Milwaukee District Engineer at the time
believed that a significant part of this damage was due to Wisconsin
River overflows. The 1938 flood also resulted in significant overflow to

the Fox River because of the breach in the Portage levee.
OTHER WATER RESOURCE PROBLEMS
Consideration was given to other potential water resource related

problems within the study area. No other significant problem was

discovered, as identified in the following summary table.
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Summary of water resource problems
Problem Discussion Comment

Erosion and - Soils are slightly erodible No significant problem
sedimentation -~ Sediment yield for the basin
is low
- No concerns raised by local
interests

Aater supply - Most areas rely on ground- No significant problem

water

- Groundwater supplies are
abundant

- Treatment may be a problem in
developing future supplies

- No concerns raised by local
interests

Water quality - Existing wastewater t.eatment No significant problem
plant at Portage is over- once Portage completes
loaded construction of a new

- Portage is constructing a new wastewater treatment
plant plant '

- Surface waters are OK ]

- No concerns raised by local
interests

Navigation - No commercial navigation No significant problem )
exists :

- No concerns raised by local A

interests SRR

Hydropower - Existing hydropower plant with No significant need o
limited additional capacity v ‘"j
- No desire for development of o

hydropower potential

Recreation - Trails and access public Minor need
waters are limited -
- Restoration of the Portage y
Canal is desired ’
- No major concern expressed by
local interests
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STUDY OBJECTIVES

The general planning principles and guidelines for conduct of a
feasibility study require that all federally assisted water resource
projects be planned to further the national objective of national
economic development (NED). This objective consists of developing the
most cost effective solution from a national viewpoint (i.e., the plan
with the greatest net economic benefits). According to the guidelines,
the solution must also be developed "consistent with protecting the
nation's environment pursuant to national environmental statutes,

applicable executive orders, and other Federal planning requirements."

The specific study objectives are derived from the problems stated
in the previous section and are identified compatible with the national

objective:

ae Provide an acceptable flood control plan for Portage consistent

with the historic and environmental importance of the area.

b. Develop a hydrologic and hydraulic analysis of existing flood-
plain conditions which will provide a basis for floodplain regulation and
flood insurance. (This objective was accomplished, based on the
floodplain analysis completed for this document. As a result, local
regulations have been updated and an updated flood insurance study is

completed.)

The Wisconsin Department of Natural Resources has indicated that the

study should:

a. Develop a hydrologic and hydraulic analysis as outlined in the
interagency scope of work, including evaluation of the effects of

upstream reservoirs, storage, and interbasin flow, and delineate the
hydraulic floodways in the Portage area.

A-20
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V. Consider levee protection for Portage along the south bank of

the river and along the north bank upstream, downstream, and in Portage. '

c. Consider relocating structures in the city on the south bank

of the river.

d. Consider fee title purchase of flooded lands.

%& Item a has been accomplished. The other items were considered in the

analysis of alternatives. L

Local citizens have requested that the study consider the following:

a. Reevaluate the methodology of river flow rate determinations L
between Wisconsin Dells and the Prairie du Sac Dam and report to the
committee. The methodology should be consistent with river flow history

while considering the storage capacities of upriver dams and reservoirs

-
|

and changes in flow patterns.

b. Determine the discharge capacity of the river at Wisconsin -
Dells through a hydraulic study to be balanced against the hydrology of
the downstream area to the Prairie du Sac Dam. A study of the hydraulic L.

conditions of the narrows at the Dells should be included.

Ce Study the downstream reservoir capacity and storage in low

areas outside the levees and simulate storage area effects by assuming '

topping of the levees but not their destruction.

. e RN
AL

d. Use data gathered by railroad engineers and the Wisconsin
Department of Transportation on the history and effects of the roadbed L

and highway fills on water flow patterns.

e. Consider channel improvements and maintenance, including

B L

removal of sandbars and islands, use of wing dams, and control of brush

and tree growth in the floodway between levees. ‘E{b jfﬁf
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f. Check the effects of the Baraboo River regarding interplay on : :
| L

areas of consideration.

g. Check the effects of the Fox River regarding interplay of

’
S0,

separate river basins in the area of consideration.

h. Check the hydraulics of the Fox River valley and the impacts of

!
'

Wisconsin River overflows into the valley.

i. Evaluate the operation of the Prairie du Sac Dam spillways
within the constraints of the Public Service Commission.

J. Evaluate and recommend operating procedures for the Castle Rock
and Petenwell Dams and Reservoirs within the constraints of the Public

Service Commission.

K. Evaluate the following alternatives.

(1) Construct and maintain levees for total protection of all Ti?
property or a lesser degree of protection to minimize damage to property Lﬂff
downstream or consider control structures to bypass excessive flows. tﬁj?

o

(2) Consider available s0ils for levee construction and
maintenance.

(3) Determine what flow can most cost effectively be contained
within the levees through Fairfield and Newport downstream to Lake
Wisconsin and how to handle excess flows above that amount.

Items a through j were investigated in the hydrology and hydraulics
appendix (30 July 1980). Item k is discussed in this appendix.
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PLANNING CONSTRAINTS

Any flood damage reduction measure(s) or plan identified for all or
part of the study area tnrough the plan formulation process must be
implementable. That is, the selected plan must be technically and

economically feasible; socially, environmentally, and culturally
acceptable; and capable of being carried out with a local sponsor.

In addition, although they are not constraints, the Executive Orders
11988 - Floodplain Management, and 11990 - Protection of Wetlands, and
the Executive Memorandum on Prime and Unique Farmland should be

considered as much as possible in plan development.

IDENTIFICATION AND DEVELOPMENT OF ALTERNATIVE PLANS

The most urgent water resource need of the basin is reduction of
flood damage. The flooding problems occur throughout the county but the
principal urban damage center is Portage. No other critical water
resource need has been identified. Therefore, this appendix concentrates
on all possible alternative plans to meet the flood damage reduction need

of the study area.

Twenty-two alternatives were initially identified in the August 1977
Plan of Study. Each alternative was then considered in detail in the
stage 2 portion of the study. The information is summarized in the

following paragraphs under each alternative heading.

ALTERNATIVES CONSIDERED

The alternatives considered in this study include the following:

- Nc Action

- Improvement to Portage Levees (including a ring levee)
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- Improvement to Portage and Lewiston Levees
- Improvement to Caledonia Levees -
- Improvement to All Levees
- Outlet in Caledonia Levee
- Channel Modifications (including clearing and dredging)

L . .
g, N
raarere e oA el

- Diversion Channel to Baraboo River =

- Diversion Channel to Long Lake

- Diversion Channel to Big Slough

- Reservoirs (including increasing storage at existing reservoirs
and new reservoirs)

- Nonstructural Measures (including closures, raising structures,
small walls, rearranging property, evacuation, floodplain
regulation, floodplain insurance, and flood forecasting)

DESCRIPTION OF ALTERNATIVES

The description of alternatives includes not only a discussion of
the action but also a limited assessment of the economic, biological,
cultural, social, and recreational impacts as preseanted in the January
1981 stage 2 document.

No Action Alternative b

With the no action alternative, no new flood control measures would
be implemented and present conditions would prevail. Under these
conditions, widespread flooding behind the Portage, Caledonia, and
Lewiston levees would occur with the 1-percent chance flood of 85,000
efs. The standard project flood of 145,000 c¢fs would result in deeper
and more extensive flooding. The floodplain for the former conditions,
assuming the levees are breached, is shown on the figure on page A-17.

The primary urban area flooded would be the southeastern portion '_'.‘-;'.'_
(Ward 1) in Portage. This is the area bounded by the canal, the levee,
and the eastern city limits. For the 1-percent chance flood and the
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fi standard project flood, more than 300 residences would have flooding S S

above the first-floor elevation. About 70 commercial and industrial “%
=" businesses would also be damaged by either flood. Within this area, )
ij depths of flooding would be 10 feet or more for either the 1-percent iffb

chance or standard project flood. U.S. Highway 51 in Portage would be
inundated for about 2 miles for both the 1-percent chance flood and the
standard project flood. To a much lesser extent, flooding would also

occur in the northwest and in the south central portion of Portage along

Edgewater, Conant, Summit, and Carroll Streets. RN

In Lewiston Township about 10,000 acres and 20 structures would be

OGNy Wy

flooded by the 1-percent chance flood. This area is primarily wetland

and floodplain forest; one-fourth to one-third is agricultural land. o
- el

. About 1 mile of U.S. Highway 16 would be flooded. With the standard ]
project flood, a few thousand additional acres, equally divided between _}f}
farmland and forest, would be flooded. ji&%

..' '.

On the same side of the Wisconsin River but downstream of Portage,
about 5,000 acres and 10 structures in Pacific Township would be
inundated by the 1-percent chance flood. Almost all of this area is

wetland; however, about 1 mile of U.S. Highway 51 and the Chicago,

Milwaukee, St. Paul and Pacific Railroad would also be flooded. About
the same area would be flooded by the standard project flood. {j&lﬁ

Along the opposite bank of the river, about 17,000 acres of
Caledonia Township and a small portion of Fairfield Township would be
flooded by the 1-percent chance flood. Most of this land is wetland and
fioodplain forest; about one-third is agricultural land. About 50
:{ structures in the area behind the levees would be affected. The 200

seasonal cottages and trailers in Blackhawk Park (downstream of the
levees) would also be affected. Most of these structures, however, are

elevated several feet off the ground to reduce flood damages. One to two

miles of State Highways 33 and 78 would be inundated. Only slightly more
area in these townships would be flooded by the standard project flood.
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With this extensive floodplain area, floodplain regulation and flood
insurance will remain an important part of a no action alternative.
Floodplain regulation, consisting primarily of regulating new development
in the existing floodplain areas, will help reduce future flood damages.
On the other hand, flood insurance will provide affected individuals some
economic protection by reimbursing property owners for those losses
sustained from flooding. However, limited participation in the flood

insurance program is expected.

The existing conditions biological impacts are assumed to remain
constant or proceed in the same direction as at present. The Wisconsin
Department of Natural Resources would continue to purchase private lands
for public hunting areas. Some residential development would continue in
the Long Lake area. There would be occasional pericds of flooding, most
often downstream of the Caledonia levee where the Baraboo River and Long
Lake backflood. These occurrences would not cause extensive or long

lasting impacts on the natural environment.

With a 1-percent chance flood and a total levee failure situation,
at least 16 known cultural sites would be inundated by floodwaters of the
Wisconsin River. Two of these sites are listed on the National Register
of Historic Places (the Fox-Wisconsin Portage and the Portage Canal). A
number of other sites along the sand ridges are within or adjacent to the
100-year floodplain. All of these other sites could also be affected by
flooding.

Study area residents in the floodplain of the Wisconsin and Fox
Rivers would remain vulnerable to severe flooding and its associated
negative impacts on their social and economic well-being. Many residents
in the study area do not perceive flooding as a threat because of their
confidence in the existing levee system. Also, any damages now occurring

to recreation resources would continue.




N

The existing levee system would remain and continue to be maintained

by the Wisconsin Department of Natural Resources. Regular maintenance is

needed to partially reduce the breaching potential of the levees. The
Portage Canal historic lock gates will remain subject to potential

failure in the event of a flood.

As a result,

the existing flood

forecast,

warning, and temporary evacuation plan would continue to be in

effect for the county.

In general, this plan is complete and involves

maintenance, surveillance, and flood alert/emergency requirements.

: Improvement of Portage Levee

The existing levee located within and downstream of the city of
Portage would be strengthened, raised, widened, and extended. The total
levee length would be about 3 miles. Flood protection would be provided
in three areas of Portage, including the area near Summit and Carroll
Streets (Ward 8), the area near Pauquette Park (including that between
the Portage Canal and Ontario Street), and the area downstream of Ontario
Street to County Road G. For l1-percent chance flood protection from the
Wisconsin River, the existing levee would have to be raised between 1 and
6 feet. As part of this alternative, interior drainage would be provided
3 where necessary. The general location of this alternative is shown on

' the following figure.

LR
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Damages to the city from various floods would be prevented.

However, standard project flood protection is not possible with this

I alternative because the Wisconsin River overflow problem upstream of
Portage causes backwater flooding on the Fox River in the Ward 1

vicinity. At the 1-percent chance flood level, this is not a problem. A

i summary of benefits and costs for the 1-percent chance flood level of

protection is shown below.

Benefits and costs - improvement of Portage levee

. Item 1-percent chance flood design protection
]

First cost $2,866,000

Operation and maintenance 9,000

Average annual costs 221,000

Average annual benefits 852,000

Benefit-cost ratio 3.9

Modifying the Portage levee would adversely affect some riparian

hardwood forest depending upon the alignment of the levee downstream of

Portage.

This alternative would have an impact on the Portage Canal which is

N SR

listed on the National Register of Historic Places. Impacts to other
cultural resources within the floodplain would be minimal since the

existing leveed area has already been affected by construction.

-

The social well-being would improve because adverse impacts that
accompany flooding would be reduced or prevented. These impacts include
damage to and loss of personal property; loss of personal disposable
income because of uncompensated losses, repayment of long-term
reconstruction loans, or lost job revenues; loss of community facilities;
drains on existing community services; disruptions in emergency services;
and a reduction of the community tax base (which may affect the quality

of the existing service structure).
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Minimal disruption would occur to the current recreation uses in the
area because the new construction would allow trails and other amenities

I to be incorporated into the levees.

Ring Levee for Portage

I As displayed on the following figure, the ring levee alternative for
Portage would consist of three main components: (1) a ring levee around
the Ward 1 area in the southeast portion of the city, (2) a levee in the
Pauquette Park and Edgewater Street areas, and (3) a road raise in the

‘ Summit Street area. The latter two components would be similar to those
described in the improvement of the Portage levee alternative.
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Construction of the ring levee for Ward 1 would require upgrading
the existing Portage levee between the Portage Lock and Ontario Street
and developing a new levee from Ontario Street northeast to the Chicago,
Milwaukee, St. Paul, and Pacific Railroad tracks and then northwest
across the canal to high ground. Total levee length in this area is
11,800 feet. One option would be to incorporate the area north of the
railroad tracks into the ring levee concept. Total length of that option
would be 14,400 feet. With either option, 2 canal closures and 3 to 5
road closures would be necessary. Also, interior drainage facilities
would be used as needed. Levee heights would be about 13 feet in the
unleveed area and the levee widths would require acquisition of several

residences near Ontario Street and the railroad.

An advantage of this alternative is the potential for providing
flood protection from both the Wisconsin and Fox Rivers up to the
standard project flood level. This alternative would afford flood
protection to the most densely developed portion of the floodplain. A

summary of the benefits and costs is shown below.

Benefits and costs - ring levee for Portage

Design protection
Item 1-percent chance flood Standard project flood
First cost $12,000,000 $13,000,000
{ Operation and maintenance 50,000 55,000
! Average annual costs 936,000 1,015,000 -
é' Average annual benefits 900,000 950,000 L
ﬂ
Benefit~cost ratio 0.96 0.94 ]
0
i. Socially, this alternative is not favored because it would disrupt ’

the local cohesiveness. Additionally, the cultural effects would be

significant because two crossings of the canal would be required and the

kb da ik

Wauona Trail, also a national historic landmark, would be affected.
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Improvement of Portage and Lewiston Levees

The existing Portage levee would be strengthened, widened, and
extended; a new levee would be constructed near Pauquette Park; the
existing road would be raised in the Summit Street area; and the levee in
Lewiston Township would be upgraded to prevent flioodwaters from
overflowing U.S. Highway 16 and into the Fox River basin. The length of
the Portage levee would be the same as in the previous alternative -
15,700 feet. Total length of the levees for this alternative is 42,900
feet or 8.1 miles. Interior drainage would be provided for the city of
Portage as needed. The location of this alternative is shown on the

following figure.
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Required levee heights for protection up to the 1-percent chance
flood would be a maximum of 7 feet for Lewiston and 10 feet for Portage;
for standard project flood protection, levee heights would pe 10 feet for

Lewiston and 12 feet for Portage.

Modification of the Portage and Lewiston levees would adversely
affect the existing riparian hardwood forest. The height and frequency
of flooding would be increased for Caledonia Township and areas
downstream of the levees and, to a lesser extent, for areas upstream of
the levees. For this area, flowage easements (not included in this

estimate) would be acquired from landowners to compensate for increased .

flooding induced by the project, or nonstructural damage reduction
measures such as flood proofing could be incorporated. A summary of

benefits and costs is shown below.

Benefits and costs - improvement of Portage and Lewiston levees

Design protection

Item 1-percent chance flood Standard project flood
ﬁ First cost $4,945,000 $5,671,000 o
3 Operation and maintenance 23,000 27,000 e
F' Average annual costs 388,000 445,000
.i Average annual benefits 882,000 947,000

Benefit-cost ratio 2.3 2.1

Benefit-cost ratio for 0.2 0.2

Lewiston levee alone

I R
-
|

This alternative would have the same cultural impacts as those ;if
listed for the Portage levee, plus a potential impact to a recorded
archeoiogical site along the Lewiston levee. The exact location of this

site is unknown.

v
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Another potential direct impact of upgrading the Portage and
Lewiston levee system may be an increase in the flood elevation at the
Aldo Leopold Shack, a National Register property along the south bank of

the Wisconsin River.

Socially, this alternative would have the same impacts as the
Portage levee improvement. Prevention of flood damage with this
alternative would also benefit the social well-being of Lewiston Township
residents and, to a much lesser extent, residents of communities along

the Fox River.

Raising the existing levees would probably cause minimal disruption
of current recreation uses. The new construction would allow trails and

other amenities to be incorporated into the levees.

Improvement of the Caledonia Levee

This levee improvement would involve upgrading the existing levee on
the south bank of the Wisconsin River between the Pine Island Hunting
Area and the downstream end of Portage. Total length of the levee would
be about 9.2 miles. The location of this alternative is shown on the
following figure.
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The benefits and costs for this alternative are shown below.

Benefits and costs - improvement of Caledonia levee

Design protection

Item l-percent chance flood Standard project flood R
First cost $7, 300,000 $7,548,000 an
Operation and maintenance 25,000 27,000 -'j
Average annual costs 564,000 585,000 o]
Average annual benefits 66,000 71,000 » -
Benefit-cost ratio 0.1 0.1 o

Approximately 120 acres of riparian hardwood forest would be
K[ adversely affected. Also, four known prehistoric archeological sites -
could be potentially affected; however, these sites are located on sand

ridges above the existing 100-year floodplain.

The height and frequency of flooding downstream and to a lesser
extent upstream would be increased with this alternative. Flowage

easements or some form of compensation would be provided landowners in

those areas.

Socially, this alternative would benefit the residents in Caledonia D
Township; however, the social impacts in other areas would be negative.
The recreation impacts would be similar to those with the other levee

alternatives.

Improvement of All Levees

The existing Portage, Lewiston, and Caledonia levees would be

rf strengthened, widened, extended, and raised. New levees would be

necessary in Portage as discussed in the Portage levee alternative. The

jf length of the Portage and Lewiston levees would be 3.0 and 5.1 miles,

?‘ respectively. Adding in the Caledonia levee would make the total length

b A-38




for all levees 17.3 miles., Required levee heights for 1-percent chance
flood and standard project flood protection are the same as those
presented in the individual levee improvements. Interior drainage would
be provided only for the city of Portage. The location of this
alternative is shown on the following figure.
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This alternative would increase the flood potential of the Blackhawk
I Park residential area and areas farther downstream. It could also have a ) N
v very slight adverse effect on areas upstream of the levees. Flowage
; easements would be paid to landowners in these areas to compensate for

N increased flooding, or nonstructural measures such as flood proofing

. could be used. A summary of benefits and costs is shown below.

Benefits and costs - improvement of all levees

Design protection "425
Item 1-percent chance flood Standard project flood -

First cost $11,715,000 $22,564,000
Operation and maintenance 50,000 59,000
Average annual costs 915,000 1,724,000
Average annual benefits 948,000 1,018,000

Benefit-cost ratio 1.04 0.6

Modification of existing levees would adversely affect various

Y

amounts of riparian hardwood forest in each area.

:: This alternative would combine the cultural impacts from the Portage
i and Lewiston levees with those from the Caledonia levee. Four known

prehistoric archeological sites could potentially be affected by

upgrading the Caledonia levee. All of these sites are located along the
right descending bank of the Wisconsin River on sand ridges above the
100-year floodplain. The potential for adverse impacts on additional R
sites that may exist along the Lewiston levee is even greater. This e
alternative would have the same effect on the Aldo Leopold site as the >

combined Portage and Lewiston levee alternative.

£l A P

Prevention of flood damages would benefit the social well-being of
residents in Portage and in Lewiston and Caledonia Townships. However,

the associated social impacts in downstream areas would be worse.
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Raising the existing levee would also probably cause minimal
disruption of current recreation uses. The new construction would allow
trails and other amenities to be incorporated into the levees. 1t is

assumed the overall impacts would be beneficial.

Caledonia Qutlet

This alternative would provide an opening in the Caledonia levee to
reduce flood flows to the Portage and Lewiston areas. The outlet would
be 5,000 feet long, cutting 7 feet below the crest of the existing levee.
The outlet would be located in the Pine Island Hunting Area as shown on
the following figure. The existing Caledonia levee would have to be
strengthened to Corps standards (but not raised) to prevent overflows
from reentering the Wisconsin River near Portage. The 6,000 acres of the

hunting area would be used for storage of Wisconsin River overflows.
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To provide protection up to the 1-percent chance and standard :f
project floods, 25,000 cfs and 85,000 cfs, respectively, would have to » B
flow through the outlet. The hydraulic analysis (HEC-2) indicates that : B
for tne l-percent chance flood only 4,000 cfs of the required 25,000 cfs X ':f
would flow in the overbank area. Because of its low conveyance, the Pine i E?#
Island Hunting Area would act like a lateral reservoir. However, this ;' :
area does not have nearly enough storage to contain the approximately 3
250,000 acre-feet of water required to provide protection for the 1-
percent chance flood.
54
With this alternative it would not be hydraulically feasible to
provide protection from larger floods. A summary of benefits and costs j
is shown below.
»
Benefits and costs - Caledonia outlet
Item Amount
First cost $3,623,000
Operation and maintenance 5,000
Average annual costs 273,000
Average annual benefits 253,000
Benefit-cost ratio 0.92

The principal biological impact of this alternative would be ii.;f
an increase in the rate of sedimentation within the Pine Island Hunting T
Area. Under present conditions, a significant rise in the level of the p'
Wisconsin River causes backflooding in the Long Lake and Baraboo River

drainages, which include the hunting area. The proposed outlet would

probably cause flooding in the same area, but the entering water would
carry a significantly higher sediment load. The sedimentation that would [

occur as the entering river water lost its velocity would be signifi- . _4

Al

cantly greater than that resulting from backflooding.

. I
« .
Ab.
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No known cultural resources would be affected because the relatively
l low area of the floodplain which would receive flood flows does not have
a high potential for cultural resources. Construction of levees around
- the wetlands within the floodplain also has a low potential for impacts

on cultural resources.

This alternative would benefit the social well-being as discussed
under the Portage levee alternative, but to a lesser degree. Relocation

of Caledonia residents and businesses may be required and would likely

encounter significant opposition, resulting in an adverse effect on

| &

social well-being.

The Wisconsin Department of Transportation recognizes Interstate 90-

> 94 as a vital transportation corridor and a considerable public
investment. Therefore, the department is opposed to degrading any

portion of the Caledonia levee which would jeopardize Interstate 90-94.

In addition, the department believes this alternative would adversely

affect State Trunk Highways 78 and 33. Delivery of emergency services

‘™

. could be jeopardized if these transportation routes were affected.

The deterioration of habitat in the Pine Island Hunting Area would

i also cause a corresponding loss in recreation opportunities.

Channel Modification - Dredging

j Two channel dredging plans were considered for the same general

channel area (see the following figure). The first calls for dredging a
trapezoidal channel having a bottom width of 1,500 feet and a slope of
2.7 vertical feet per 10,000 feet of channel. The dredged reach would be

_ about 11 miles between Pine Island and the mouth of the Baraboo River.
About 1,900,000 cubic yards of channel material would be dredged and ;f'ﬁ
placed outside the floodplain. The second dredging plan would be similar 5E.$
to the first except the bottom width would be only 1,000 feet. With this fgf}f

» version, about 650,000 cubic yards of channel material would be dredged | 1

and placed outside the floodplain.
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The first plan would lower the 1-percent chance flood by U.9 feet,
or 2 feet below the level needed to prevent overflow. Therefore, the
Portage area and the Fox River basin would be free of damage from floods
up to this magnitude. The standard project flood would be lowered by 6.9
feet compared to the 9.5 feet needed to prevent overflow. Standard

project flood damages would therefore be reduced but not prevented.

In the second plan, the 1-percent chance flood would be lowered 3.5
feet, or 0.6 foot below the overflow conditions. However, this freeboard
would not meet design criteria and could not be assumed to provide full
protection. The standard project flood would be lowered 5.7 feet
compared to the 9.5 feet required to prevent overflow. Damages would

therefore be reduced but not prevented.

The flooding potential to areas downstream of the dredged channel
would be increased somewhat by either plan. Because of the large
quantity of shifting sands in the channel, extensive maintenance dredging

would also be required annually for either plan.

A summary of benefits and costs is shown below.

Benefits and costs - channel nodification - dredging

Bottom width at dredged channel

Item 1,500 feet 1,000 feet
First cost $17,556,000 $5,858,000
Operation and maintenance 878,000 293,000
Average annual costs 2,174,000 725,000
Average annual benefits 711,000 569,000
Benefit-cost ratio 0.3 0.8
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Tane proposed channel modification would drastically alter tne
2<isting river haoitat. The extensive deepening and widening of the main
channel would destroy large quantities of fisn cover, disrupt the aquatic
fiood chain, and remove all or substantial portions of existing islands
#hich serve as habitat for upland animals and waterfowl. In addition,
the frequent disturbance from maintenance dredging would also cause

significant turbidity and related problems downstream.

The potential for impacts on cultural resource sites during the
dredging process is not great; however, the disposal of the dredged
material at a location out of the Wisconsin River floodplain has a very

great potential for impacts on cultural resources.

The most significant social impacts associated with channel
modification would result from construction activities and disposal of

dredged, snagged and cleared materials.

Construction activities are likely to inconvenience river users and
persons whose residences are located along access routes to the river.
These activities would also disrupt the natural setting of the river for
a period of time, resulting in a 1038s in aesthetic values. During this
time, the value of the river-use experience could be expected to

decrease.

Channel Modification - Clearing

To improve the capacity of the Wisconsin River, extensive clearing
of trees and brush would be accomplished in the channel and overbank
areas in the 11-mile reach between Pine Island and the mouth of the
Baraboo River (see the figure on page A-46). The width of the clearing
would be about 2,500 feet. Under this alternative the overbank areas
cleared of trees and brush cou.u carry about twice as much flow as under
existing conditions but the capacity of the main channel would be
increased only slightly.
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This alternative would lower the 1-percent chance flood by 1.7 feet

compared to the 2.9 feet reo.ired to prevent damages; the standard

-

project flood would be lowered by 2.0 feet compared to the 9.5 feet
needed. Therefore, overflows to the study area would be decreased, but T

not nearly enough to prevent major damages.

A summary of benefits and costs is shown below.

Benefits and costs - channel modification - clearing

; Item Amount '

First cost $12,750,000

Operation and maintenance 40,000

Average annual costs 981,000 .
t Average annual benefits 569,000 E -
g Benefit-cost ratio 0.6

3

li The clearing of all vegetation between the levees would result in a L_,_
;: substantial loss of valuable riparian habitat. A smaller amount of }f

E aquatic nabitat would be lost when the undermined trees and shrubs were jf?
B removed. tal
b =
>._ )

This alternative would affect the same cultural/archeological site

as the Lewiston levee alternative. The potential for impacts on cultural

p———y

resources from clearing the floodplain forest is not high; however,

unknown cultural resources in these areas could be disturbed. 4

The social impacts of this alternative would be similar to those for
channel dredging, but less severe. Also, there would be adverse impacts

on existing recreation resources. ]
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Channel Diversion to the Baraboo River

A channel to divert flood flows from the Wisconsin River through Z;ﬂ,
Caledonia Township to the Baraboo River would be built as shown in the
following figure. Most of the 16,000 feet of channel would be in the

Pine Island Hunting Area. The State Highway 78 bridge over the Baraboo wel
River would have to be raised and a new bridge would be built for State

Highway 33.

-t
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To provide protection up to the 1-percent chance flood, the
diversion would be designed to carry 25,000 cfs in a channel 20 feet deep
and 620 feet wide at its top. For standard project flood protection, the
diversion would be designed to carry 85,000 cfs in a channel 20 feet deep
and 1,860 feet wide at its top.

Benefits and costs - channel diversion to the Baraboo River

———
. .

Design protection
Item 1-percent chance flood Standard project flood
First cost $78,500,000 $210,269,000
Operation and maintenance 40,000 60,000
Average annual costs 5,834,000 15,580,000
Average annual benefits 948,000 1,018,000
Benefit-cost ratio 0.2 0.1

The route of the proposed diversion would pass through the Pine
Island Hunting Area and follow existing streambeds and low areas. Some
wetland areas would be destroyed directly and others indirectly from
lowering of the area's water table. In addition, the construction and
maintenance of a structure the size of the proposed channel would

significantly reduce the overall value of the area to wildlife.

This alternative would affect one prehistoric site located on a
ridge along the Wisconsin River. The general impacts of this alternative
are the same as those for the Long Lake alternative with upland disposal

having the greatest potential for disturbing cultural resources.

Reduction of flood damages in Portage and Lewiston Township would
benefit social well-being by reducing the adverse social impacts that
accompany flooding. However, flooding of the Baraboo River would worsen,
inflicting more severe flood damages on property and associated economic
costs on property owners in that area. Depending on the diversion

alignment and specific effects on downstream flooding conditions,
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a number residences or buildings may need to be acquired. In addition,

because tnis diversion cuts randomly across land sections, landowners may

2xperience interference with and/or physical and economic hardships in
maintaining existing land uses. Property values may decrease, negatively {it}

affecting landowners. Therefore, this alternative would be controversial :i;4
and disruptive to community cohesion. ]

Channel Diversion to Long Lake

A channel to divert flood flows from the Wisconsin River through

Caledonia Township and back into the Wisconsin River via Long Lake would

be built as shown on the following figure. The channel would be 20,000 fﬂﬁf
feet long and about 16 feet deep. Bridge raises would be needed for . j
- A
State Hignways 33 and 78. -
P-f—-#

]
R
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: To provide protection up to the 1-percent chance flood, tne
diversion would be designed to carry 25,000 c¢fs in a channel 380 feet
wide at its top. For standard project flood protection, the diversion
would be designed to carry 85,000 cfs in a channel 2,950 feet wide at its
top.

Damages from floods up to the design flood would be prevented in the
Portage area and the Fox River basin. A summary of benefits and costs is

shown below.

Benefits and costs - channel diversion to Long Lake

Design protection

Item 1-percent chance flood Standard project flood
First cost $59,257,000 $82,693,000
Operation and maintenance 50,000 70,000
Average annual costs 4,423,000 6,174,000
Average annual benefits 948,000 1,018,000
Benefit-cost ratio 0.21 0.16

The Long Lake diversion channel would pass through the Pine Island

Hunting Area. This channel's impacts would be similar to those of the

Baraboo River diversion. Any work to modify the existing channel in Long
Lake would probably have negative effects on the lake and the surrounding L
wetlands. The fauna which depend on this habitat would be affected

correspondingly. -

NRRIOVEPIN

This alternative could disturb a known archeological site which has fk;}

-

already been affected to an undetermined extent by the construction of

State Highway 78. Because construction of the channel would follow low,

. e .
Lt Tt
LN S VY )

marshy areas, it would have only a moderate potential for disturbing

unknown cultural resources on the western end of the diversion. The

potential may be slightly higher on the eastern end, since it follows ';*t;
Long Lake, part of the old Wisconsin River channel. ) s
L. RO
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The major impacts resulting from this alternative would involve
disposal of excavated material out of the Wisconsin River floodplain.
Upland disposal could have an adverse impact on cultural resources

outside the project area.

Social impacts similar to those discussed for the diversion to the
Baraboo River would be expected. Because this diversion traverses a
greater distance and involves more land and homeowners, these impacts
would be expected to be more extensive. 1In addition, the present
aesthetic and recreation values of Long Lake would be destroyed by
channelization. Flooding conditions would worsen on the Wisconsin River,
downstream of Long Lake, possibly increasing the negative social impacts

on downstream residents and communities.

Channel Diversion to Big Slough

A channel to divert flood flows from the Wisconsin River through
Lewiston Township to Big Slough in the Fox River basin would be built as
shown on the following figure. The channel would be 20,000 feet long.
Bridges would be needed for U.S. Highway 16, a railroad, and a county
road.
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To provide protection up to the 1-percent chance flood, the
l diversion would be designed to carry 25,000 cfs in a channel 16.5 feet
deep and 365 feet wide at its top. For standard project flood
protection, the diversion would be designed to carry 85,000 cfs in a
channel 2U4.5 feet deep and 1,060 feet wide at its top.

Damages from floods up to the design flood would be prevented in the
Portage and Caledonia areas. However} widespread flooding would occur in
Lewiston Township because the Big Slough could not handle the diverted
flows. A summary of benefits and costs is shown below.

| & ]

Benefits and costs - channel diversion to Big Slough

Design protection
Item 1-percent chance flood Standard project flood

First cost $126, 400,000 $355,396,000
Operation and maintenance 40,000 60,000
Average annual costs 9,370,000 26,292,000
- Average annual benefits 733,000 786,000

Benefit-cost ratio 0.08 0.03

ii The Fox River diversion channel would have greater impacts than the

other two proposed diversion plans. It would result in modification or

destruction of larger amounts of natural habitat and resident fauna.

PR IS

Particularly significant would be a sedimentation problem which would
] probably occur at the northern pike spawning area and impacts to

additional recreation resources in the Big Slough region.

No known cultural resources would be affected, and the general

.. impacts would be the same as those for the Long Lake diversion. . {
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Social impacts would be similar to those discussed for the diversion
H' to the Baraboo River, although this diversion would traverse a much
greater distance and more landowners would be affected. Flood damage and
associated negative social impacts would be worse for communities and

n residents along the Fox River.

; Increasing Flood Storage at Existing Dams

! Three plans were considered for reducing flows at Portage by
: increasing flood storage at the existing dams. The following figure

shows the general location of the existing reservoirs.
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Lower operating pools. - The first plan would lower the operating pools

of the Castle Rock, Petenwell, and Du Bay hydropower dams, the closest
dams to Portage (U5, U8, and 134 miles upstream, respectively) that have
significant storage. The U.S. Geological Survey streamflow model
indicates that the existing 21 storage reservoirs and 3 large hydropower
dams reduce the 1-percent chance flood by 10,000 cfs. This reduction is
due largely to winter drawdown of the reservoirs in anticipation of
spring floods. Flood flows at Portage would have to be reduced an

additional 25,000 cfs and 85,000 cfs to provide protection up to the 1-

percent chance and standard project floods, respectively.

The Castle Rock, Petenwell, and Du Bay Dams are normally drawn down
) 4 to 5 feet to store spring floods. Spring floods occur with about the
M’, same frequency as summer and fall floods. Lowering the operating pools 5
2 feet during the summer and fall as well as in spring would not protect
Portage from the 1-percent chance flood. In addition, a permanent 5-foot
lowering would reduce power generating capacity by 10 to 15 percent at

each dam.

Raise existing dams. - The second plan to increase flood control storage

would be to raise the heights of the Castle Rock, Petenwell, and Du Bay
Daws. Again, based on the results of the Wisconsin River streamflow
model and review of 30 years of reservoir operations, it can be
reasonably concluded that additional storage at the existing dams would
not reduce flows at Portage by the 25,000 cfs needed to control the 1-
percent chance flood. Increasing the height of the existing dams by 5

v

feet would require raising 15 miles of levees, installing U5 large

LER A

AR
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tainter or flood gates, and reconstructing powerhouse walls to make them
waterproof.

Modify operation of Prairie du Sac Dam. - The third plan considered was

modifying the operation of the Prairie du Sac Dam, which is about 25 5€ff
miles downstream of Portage. Lake Wisconsin, about 12 miles long, is Lfﬁﬁ

formed by the dam. During both normal and flood conditions, the 4

R
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operation policy is to maintain a constant elevation of 774 feet above
mean sea level at the gated spillways. The only exception is when the

lake level is drawn down in anticipation of downstream flood conditions.

The gated spillway capacity of the Prairie du Sac Dam is very large
(91,000 cfs). Hydraulic studies indicate that floods up to and including
the standard project flood could be passed through the gates while
maintaining a pool elevation of 774 feet at the dam. According to
historical high-water marks designated by local citizens, the record
flood in 1938 and other large floods in 1960 and 1973 caused a rise of
less than 1 foot in Lake Wisconsin.

Past operation of the Prairie du Sac Dam, therefore, has not
affected upstream flood conditions at Portage. Lowering Lake Wisconsin
during floods also would not affect flood conditions at Portage because
of the distance involved.

Increasing storage at existing dams would not protect Portage from
large floods. Because the costs would be exceptionally high compared

with the benefits, no economic analysis was done.

Lowering existing reservoirs would decrease the quality of aquatic
habitat in those reservoirs and, at the same time, increase the potential
for erosion on the newly exposed beaches. Impacts on cultural resources
caused by lower operating levels would result from potential development
of previously inundated resources. The conditir. of these resources
would need to be evaluated. Although the impact of lowering the
operating pools depends on the amount of change and the physical
configuration of each reservoir, in general, this would have an overall

adverse impact on recreation.
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- Raising the existing reservoirs would inundate a significant amount o b;:j
E' of terrestrial habitat and could inundate a number of historic and
’ prehistoric resources along the existing shoreline. Raising existing S

reservoirs would also impact recreation resources and cause infrequent

flooding of areas not now subject to flooding.

L4
- At

Social impacts of this alternative would result frdm acquisitions,
changes in water and related land resource uses, influx of construction
crews and their families, additional employment opportunities, and new
demands on existing regional services and facilities.

New Reservoirs

Reducing floods at Portage by constructing upstream reservoirs was ~
considered. See the figure on page A-60 for approximate locations.
These reservoirs would need to reduce flood flows at Portage by 25,000
cfs and 85,000 cfs to provide protection up to the 1-percent chance and

standard project floods, respectively. _——

In evaluating the upstream areas of the basin, little potential was
found for new reservoirs on the Wisconsin River main stem. Also, the ok
size of dam needed to control a drainage area of 8,000 square miles -~

excludes it as a practical alternative. The only significant
uncontrolled tributaries are the Lemonweir, Yellow, Little Eau Pleine,
and Rib Rivers which are 33, 46, 123, and 151 miles, respectively, above
Portage. Drainage areas of these tributaries vary from about 400 to 800 =

square miles, which is about 5 to 10 percent of the drainage area at Ry
Portage. j?ﬁ:

Because of their distance from Portage and relatively small drainage
areas, new reservoirs would not provide protection from large floods, and
the costs would be exceptionally high compared with the benefits.

Therefore, no economic analysis was done.
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Biological impacts from construction of new reservoirs would include
inundation and loss of a significant amount of terrestrial habitat. The
potential effect on the cultural resources would likewise be great since
there are 38 and 133 known historic and prehistoric sites, respectively,
in the four subbasin areas.

Social impacts would be similar to those discussed under "Increasing
Flood Storage at Existing Dams.," Although new reservoirs could provide
additional lake-oriented recreation opportunities, they would also
destroy the existing uses of the streams.

Nonstructural Measures

Nonstructural measures were considered as a means to reduce flood
damages. These measures do not try to confine a river within its banks
or to store or divert floodwaters. Rather, they emphasize ways of
reducing damages to existing structures and implementing policies to
restrict new developments in the floodprone areas.

Examples of nonstructural measures include:

- Installing closures on openings in structures

- Raising existing structures in-place

- Constructing small walls or levees around structures

- Rearranging or protecting damageable property within a structure
- Acquisition of structures in the floodplain

- Implementing floodplain regulations

- Providing flood insurance

- Implementing flood forecasting and warning systems and an

evacuation plan
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The first five measures were considered for the structures located
within the primary floodprone area of Blackhawk Park (Caledonia Township)
and Portage. The remaining three measures were considered for the
floodplain area within the study boundaries. Each measure will be

discussed in the following paragraphs.

Closures. - Watertight closures would be installed on openings such as

doorways and windows and a sealant would be applied to walls to keep
water out. Closures are not effective, however, if the exterior walls
are water permeable as are wood, aluminum, or sheet metal sidings or
older masonry structures with extensive cracking. Most of the structures
in the study atc<2 floodplain would not be able to keep water out even

with closures. Therefore, this alternative is not practical.

Raising existing structures. - Existing structures would be raised by

jacks onto a higher foundation. Examples can be found in the Blackhawk
Park area where many of the cottages are raised on blocks or wood
pilings. Consideration was given to raising the remaining structures in
the Blackhawk Park area and Portage an average of 3 or 5 feet (as
needed). Because many of the buildings are more than U0 years old, this

alternative would not be practical.

Small walls or levees. - Small walls or levees around individual

P I e AT EY SR SRR
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structures were considered. In Portage there would not be sufficient
room for small earth levees between buildings. Therefore, estimates were
made for 3-foot or 5-foot (as needed) concrete walls around each of the
structures in that area. For the Blackhawk Park area, small levees are

possible but they are practical only for structures not presently raised.

Rearranging or protecting damageable property. - Damageable property

Wwithin a structure can often be placed in a less damageable location or
protected in-place. For example, furnaces, water heaters, and other
utilities could be raised off the floor. Commercial and industrial

finished products could be relocated to a higher elevation. This
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alternative is particularly suitable for shallow flooding. However, in :-~4
the study area, flooding would be 1 to 5 feet above ground for the 1- B
percent chance flood and would inundate most structures above the first -
floor. This alternative therefore would not be effective for large

floods. Every property owner should, of course, locate damageable A
property to keep losses to a minimum.

Acquisition of structures in the floodplain -~ This alternative would

i:a remove the existing structures in the floodplain. OQne option would be to -

4

i

relocate the existing buildings outside the floodplain. Because many of
the homes in Portage and Blackhawk Park are more than U0 years old, this

option would not likely be practical. A second option is to purchase

il

floodplain property in fee, demolish existing floodprone structures, and -

reuse the land for agriculture or other compatible floodplain uses. =]

L]

Floodplain regulations. - Regulations on the development of floodplain

land are currently being formulated for the study area by the Wisconsin

Department of Natural Resources. Base-line hydrologic and hydraulic data -

for these regulations were provided by this study and the U.S. Geological fﬁj

Survey streamflow model. };i
s

Under State law, no development is permitted in the floodway (the
area between the existing levee), and new developments in the flood

fringe must be elevated 2 feet above the 1-percent chance flood.

Flood insurance. - The Federal Emergency Management Agency recently

completed a flood insurance study (FIS) for Columbia County. The

FERTACI
' ’l" . .

PR U
AL

Wisconsin River and Fox River hydraulic and hydrologic data shown in the
FIS are based on, and compatible with, hydraulic and hydrologic data
developed for this study. The FIS study, which is scheduled for adoption
by the county in 1983, will allow the county to convert from the
emergency phase to the regular phase of the National Flood Insurance ﬂ{j

Program. Conversion to the regular phase increases the amount of
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insurance available. For instance, in the emergency phase, coverage for
a single-family residence, structure only, was limited to $35,000. In
the regular phase, the same structure can be insured up to $185,000. The
FIS presents floodplain zone data which will be used by insurance
institutions to set the actual rates for properties in the various

floodplain areas.

Flood forecast and warning and evacuation plan. - Because the Wisconsin

River at Portage has a large drainage area (about 8,000 square miles),
the river rises slowly over a period of days, giving sufficient warning.
The National Weather Service forecasts flood elevations at Portage and
several locations upstream. The Columbia County Office of Emergency
Government has a comprehensive plan for levee maintenance and surveil-

lance during high flows and an evacuation plan if a levee is breached.

ASSESSMENT AND EVALUATION OF ALTERNATIVES

The purpose of this evaluation is to identify alternatives that best
satisfy the study objectives and are worthy of further consideration.
The effectiveness, acceptability, completeness, and efficiency of each
alternative are summarized in the following figure. The stage 2
documentation published in January 1981 further breaks down impacts on
biological and social resources. All these data were important for
determining the relative merits of each alternative compared with the no
action alternative. The subsequent paragraphs discuss the results of the
assessment process used to identify alternatives that were recommended

for further consideration and screening in the stage 2 document.
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Alternative analysis

Approximate
effectiveness Co
in reducing Acceptable Complete~ -
study area to both ness Efficiency -
flood damages 1local/State by (cost L
Alternatives (percent) interests itself(1) effective)(2) o
Levee Improvement {
Portage 75 Yes Yes Yes
[ Portage (ring levee) 80 No Yes Questionable
- Portage & Lewiston 80 No Yes Yes(3)
{ Caledonia 10 No No No
! All levees 85 Yes Yes Yes(3)
*: Caledonia Outlet 25 No No No :
- S
Channel Modification
Snagging & clearing 60 No No No .
Dredging 50 No Yes No -
Channel Diversions
Baraboo River 85 No Yes No
Long Lake 85 No Yes No S
Big Slough 65 No Yes No —
-
Reservoirs j;
Raising existing - No No No . jﬁ
Lowering existing - No No No T
New - No No No "“f}
Nonstructural :?jf}
Installing closure
structures - No No - .-
Raising structures 35 No No - D
Small walls 15 No No - - j
Rearranging dam- SR
ageable property - No No - RENES
Acquiring structures 65 No Yes Questionable nj}}:
Floodplain regulations - Yes No - T
Flood insurance - Yes No - ]
Flood warning system - Yes No -
No Action - No No -
(1) Provides for at least 1-percent chance flood protection.
(2) Yes indicates positive net benefits; No indicates negative net benefits.
(3) 1In total, the alternative is economically feasible; however, one or more R
portions of the alternative are not incrementally justified. e

1

1

.1
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Of all the levee alternatives, only improvement of the existing
Portage levee system is cost effective because it would provide more
benefits than costs. This is because most of the flood damages within
the study area occur within the city of Portage. The Lewiston and
Caledonia levees are not economically feasible by themselves and
therefore are not worthy of further recommendation. For the same reason,
a total levee system for all three areas and a combination Lewiston and
Portage alternative lacks the necessary incremental economic
justification. However, there is one exception that warrants additional
consideration. A flood flow analysis of the Wisconsin River indicates
that floods in excess of the 500-year level will overflow into the upper
Fox River basin and possibly influence flood stages on the Fox River in
the Ward 1 area of Portage. Therefore, a combination levee in Lewiston
with improvement of the Portage levee alternative could prevent this
overflow to the Fox River and provide Portage with a greater than 500-
year level of flood protection. From this aspect, additional study is

warranted for this alternative.

Similarly, a ring levee for the Ward 1 area of Portage would offer
the same degree of protection from both the Wisconsin and Fox Rivers.
However, the economic feasibility of the ring levee alternative is
questionable. Also, significant effects to the national historic
landmarks would occur in three locations, and the social well-being of
the city would be disrupted by the required evacuation of several
residential structures. From this aspect, the ring levee alternative
should be considered only as a variation to the Portage and Lewiston

levees,

An outlet in the Caledonia levee is not recommended for several
reasons: damages from large floods would not be reduced, costs would be
much greater than benefits, and impacts on biological and social

resources would be severe.
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Channel modification by clearing or dredging is not recommended
because the costs would substantially exceed benefits and the impacts on
biological and possible cultural resources would be severe. Likewise,
channel diversions to the Baraboo River, Long Lake, or Big Slough are not
recommended because the costs would be far greater than the benefits, and
impacts on biological, cultural, social, and recreation resources would

be severe,

Alternatives involving new reservoirs or increasing flood storage of
the existing reservoir system need not be considered further since these
alternatives would not protect Portage from large floods. Also, the
costs would clearly outweigh benefits and there would be moderate to

severe adverse impacts on biological, cultural, and social resources.

Except for acquisition, none of the nonstructural measures by
themselves were considered to be a complete solution to the flood
problems within the study area. However, a combination of nonstructural
measures or nonstructural measures used in addition to a structural
alternative was recommended for further study because of the potential to
develop a complete plan using this approach. Also, environmental and

cultural impacts would be limited with implementation of such non-
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structural measures.

Generally, the physical and economic feasibility of protecting the

floodplain area with nonstructural measures such as floodproofing (by
structural raises, walls, or closures) and acquisition was considered

doubtful because of the high initial cost and the associated social
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dislocation impacts. However, because of the identified benefits of

removing the problem from the floodplain, additional study of the
acquisition alternative may show otherwise., Of the remaining non- -

structural measures, adoption of floodplain regulations, consistent &Q;
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application of a flood insurance program, and use of the sound flood
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warning and evacuation plan may be appropriate for the study area with or

without a recommended structural alternative. -~
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The no action alternative maintains the status quo -- the Wisconsin
Department of Natural Resources would continue to maintain the existing
levees, and floodplain regulations and insurance would continue to be
enforced and availaple, respectively, Although the existing situation is
functioning, there are expressed problems such as inadequate protection,

restrizstion on floodplain development, and lack of confidence in

3

continued levee maintenance. The no action alternative will, however,

continue to be used as a pbasis for furtner study recommendations.

In summary, tne alternatives worthy of additional formulation and
screening are listed below. Also, the following figure provides a visual

summary of the plan formulation process completed so far.

1. Improvement of the Portage levee.

2. Improvement of the Portage levee and construction of a new levee
in Lewiston Township.

3. Ring levee for Portage.

4, Nonstructural measures for the floodplain area.

5. No action.
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Plan formulation process

(Summary of initial actions)

. Potential Identified Alternatives Alternatives recommended
; problems problems considered for further study
B flo action No action
Portage levee Portage levee
N Ring levee Portage/Lewiston levee
' Flooding Portage/Lewiston levee Ring levee for Portage
S in Yes All levees Nonstructural
Portage Caledonia outlet
Channel modifications
Diversions
Reservoirs
Nonstructural
No action No action
Portage/Lewiston levee Portage/Lewiston levee
Caledonia levee Nonstructural
Flooding in All levees
the rest of Yes Caledonia outlet
the study Channel modification
area Diversions
Reservoirs
Nonstructural
Otn=r water
resource None = ==ceco cceaa
provlems
8asis for A detailed floodplain analysis was completed as
floodplain part of this study and was used in conduct of a
information new flood insurance study for Columbia County )
reports prepared under the guidance of the Federal
Emergency Management Agency.
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REFINEMENT OF ALTERNATIVES RECOMMENDED FOR FURTHER STUDY

12 next aztion in a formulation analysis is to refine alternatives
“na~ Nave been recommended for furtner study. Each alternative is
ii3cussed in detail and, from this refinement or reiterative formulation
proc=23s and subsequent evaluation, an overall plan was selectecd. Besides
1piating the flood damage data and other base information used in
critically evaluating the alternatives, this refinement considered the
degrze of flood damage reduction, the specifics of alternative features,
the economic and environmental acceptability, and the overall alternative
impiementability. A discussion of the refinement for each alternative is

present2d in the following paragraphs.

DEGREE OF FLOOD DAMAGE REDUCTION

The alternatives recommended for further study were designed to
provide for different levels of protection depending on the type of
alternative considered. In general, the levels of protection include the
100-year flood event (a flood having a 1-percent chance of ocecurring in
any given year), the 500-year flood event (a flood naving a 0.2-percent
chance of occurring in any given year), and the standard project flood
{SPF - a flood that would result from the most severe combination of
meteorologic and hydrologic conditions reasonably characteristic of the
region). Specifically, the degree of flood damage reduction used in each

alternative was:

____Alrernative Level of protection
No action Existing conditicns
Portage levee 100- and 500-year

{(different flood protection levels were needed

to identify the optimum scale of development)
Portage/Lewiston levee Standard project flood
Ring levee for Portage Standard project flood

Nonstructural 100-year
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SPECIFICS OF ALTERNATIVE FEATURES

The specifics of alternative fratures include levee alignments,
design considerations, interior drainage, and other technical aspects
important for proper functioning of each alternative. Sound engineering

criteria and analysis were used for this purpose.

ECONOMIC AND ENVIRONMENTAL ACCEPTABILITY

Economic acceptability focuses on refinement of the alternatives
that best contribute to national economic development (that is, the
alternatives that provide the greatest net benefits to the human and

physical environment). Economic assumptions include:

a. The base economic condition assumes that the existing levees

offer no protection,

b. Annual costs and benefits are based on a 100-year economic
life, an interest rate of B-1/8 percent, and price levels and conditions

existing in October 1983.

c. Operation and maintenance costs were included for all alterna-

tives.

Environmental acceptability assures that the alternatives identified
as satisfying economic criteria also incorporate the visual, human-
cultural, and environmental amenities necessary to protect the Nation's

environment.

ALTERNATIVE IMPLEMENTABILITY

Implementability relates to the requirements of technical
feasiopility and cultural acceptability and the potential for each
alternative to receive support by non-Federal interests. Satisfaction of

the study objectives is also important.
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No Action Alternative

This is the condition anticipated to occur in the future. 1t is
identified by analyzing the existing setting, the trends now developing,
and the limitations of the study area resource base. Additional

i informaticn is presented in the "Future Without Condition" section.

As discussed in the description of alternatives section of thnis
appendix, floods and flood problems would continue in the county and a

large portion of the study area would remain under floodplain classifi-

£i

cation. Although the existing levee system would continue to be
maintained by the Wisconsin Department of Natural Resources, none of the
levees including the Portage Canal lock area meet standards for permanent
flood protection works. Consequently, flood hazards would continue to
threaten the health and well-being of over 1,000 people and cause damage

to property and interruption of basic services.

Because of this flood threat and the results of the recently

completed flood insurance study, the city of Portage and Columbia County
have converted from the emergency phase of the National Flood Insurance
Program to the regular phase, making purchase of flood insurance for
i properties in the floodprone area a costly way of life. Therefore, it is
expected that only some of the Portage and Pacific floodprone residents
will participate. The remaining floodprone residents will have to 1live

with the existing situation.

With this alternative, some changes in the type and extent of flood
damages would result in the urban Portage area as structures are either
removed from the floodplain or floodproofed under a home improvement

effort or under the Department of Housing and Urban Development's Block

Grant Program for Community Development. However, given the difficulty

and cost of floodproofing, the historical importance of the area, and the

fact that few changes have occurred over time, it is unlikely that meay i’ﬂj?

structures would be affected. Some floodproofing may be accomplished by
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property owners on an individual pasis. The type and degree of
floodproofing will depend on the preference of the property owners,
Generally, however, this activity will be extremely limited for the depth
of flooding and the types of structures that exist in the floodplain
area. Also, any flood damage reduction would likely be offset by the
increase in residential and commercial business content values,
Additionally, the no action alternative does little to reduce flood

damages in the rural floodplain areas.

The existing flood forecast, warning, and temporary evacuation plan
will continue to pe in effect for the county. This plan discusses in

detail the following:

a. Routine levee maintenance.

b. River stage surveillance including steps to be taken during

emergencies.

¢, Flood alert plan including command post, on-site ccmmander,
command group, surveillance teams, support teams, personnel assignments,

and equipment.

d. Post-alert details.

e. Administrative details.

In general, this plan is complete and serves as an important aspect
of any future flood control efforts in the county. However, this plan
does not eliminate the serious potential for significant flood damages

and losses to occur.

Portage Levee

This alternative involves raising, widening, and modifying the

existing levee system located within the city of Portage and the town of
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Pacific. Additional levees would be constructed in Portage near the

Highway 33 bridge and upstream in the Summit Street area (Ward 8). T e

Main features of this alternative would include approximately 3

miles >f levee, 0.2 mile of road raise, 550 feet of floodwall,

s
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acquisition of 2 residences, crossing of the Portage Lock and Canal, road :
ramps, railroad stop log closure, highway sandbag closure, an interior

drainage pumping station, and necessary additionzl collection works for -
seepage and surface runoff., Aesthetic treatment measures would be

included at intervals along the levee and topsoil/seeding or riprap would - 4

cover the levee. Recreation facilities would be incorporated. ]

Four important considerations were analyzed in refinement of this
» alternative to arrive at the overall levee plan. First, the crossing of .
i. the Portage Canal and Lock area is important since the site is a National
Historic Landmark. Second, the alignment is important from a technical, -;;i}

social, and environmental aspect. Third, specific levee features were

considered to allow the alternative to function as intended. Finally,
the degree of protection is important to permit selection of an optimum
level of flood damage reduction for the Portage area. Each consideration

will be discussed in the following paragraphs.

The Portage Canal and Lock area is a property listed on the National

Register of Historic Places. Because of this significance, two options

were considered for this area. Optior. 1 included extending the Portage
levee across the mouth of the canal. A gatewell would be located in the
levee to permit a continuous source of fresh water for the canal. The
second option included incorporating the Portage Canal Wisconsin River

Lock into the alternative by relocating and raising the levee on the

southeast side of the lock, replacing the existing upper lock gates, and
then using a floodwall on the northwest side of the lock to tie the

4

"~

project into high ground. A floodwall is needed there because of the

.
AR

space limitation of the existing topography. The following figures
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provide an artist's conception of how these two options would look.
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Jption 1 ~ Extended Levee Across Mouth of Canal
A-TS

PUL WA WL W WP . VA YLD Tl W Wy ¥ VPSP U Dol T YR Sl Vi P




H LT D * . ‘. " .. o .
. . ' o ., ' : ‘..-. .. oo, A-.‘.- . v .

PUR SOl WA Wl W W e

o e

-,

= o

PR W -

POy S YR

P

Y

La o




Costs were developed for each option. Although it would be less
expensive to use the levee option, mitigation measures would be necessary
to offset the visual and operational elements which would be o:% of
character with the canal and its use and setting. Mitigation would be f{{f
difficult and the cost would be high, at least equal to the initial .
difference between options 1 and 2. For option 2, no mitigation would be
necessary; however, cultural resource considerations would include
aesthetic measures to maintain the historical character of the lock.
These include appearance and salvaged materials as discussed in the EIS.
Although the options would have similar costs, incorporating the lock S

into the levee alternative would be more socially acceptable.

Different alignments for the Portage levee alternative were _':i

considered based on geotechnical design, avoidance of important

-

environmental areas, avoidance of significant social impacts, cost, and

social preference. The alignment which best fits these requirements is

described below.

-3

Northwest portion of the city. -~ This portion of the alternative iiﬂﬂ

consists of a road raise which would begin at the River Street and Summit Z;%“q
Street intersection and follow Summit Street south until high ground near _;;;;
West Carroll Street. Necessary road ramps would be provided on both - -4

River and West Carroll Streets. Fnllowing Summit Street was of little
advantage geotechnically except for the added stability because of the

increased levee width. ,"} @

Using this alignment, it would be possible to avoid a backwater-
wetland area. Social impacts would be limited to one home which would

have to be acquired; this home would fall outside of the leveed area. On
the basis of cost, this alignment is preferred because less fill would be
needed to raise the existing road which is presently about 8.5 feet above

the normal ground level. ilf&
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South central portion of the city. - The levee would begin at West

Conant Street, extend through Pauquette Park, and tie into the west side

of the State Highway 33 bridge. The levee would continue downstream to
almost Dunn Street.

This alignment would have beneficial economic and social effects
since it follows the existing levee through the park area and it avoids
the significant cost of acquiring up to 20 homes along Edgewater Street.
However, approximately 3 acres of the riverine environment would be
affected because the levee along Edgewater Street would project out into

a portion of the main river channel and a shallow backwater area.

Southeast central portion of the city. - A floodwall would begin near

Dunn Street and extend to the Portage Lock. An earth levee would begin
at the lock and extend to Ontario Street, following the existing levee

alignment.

Using any other alignment in this area would result in significant
social and economic effects on the area, because several homes and
businesses would be acquired and the existing transportation routes
provided by U.S. Highways 16 and 51 would be impaired. Encroachment on
the river would also affect approximately 8 acres of a shallow backwater
environment. This effect would not be considered adverse because the
area has a low aquatic value due to its shifting sandy substrate and

rapid water level fluctuations.

Downstream of the city. - The existing levee extends southeast from

Ontario Street through a heavily wooded area until it reaches U.S.
Highways 16 and 51. Consideration was also given to extending the levee
along the scuthwest edge of the highways. Either alignment would require
crossing U.S. Highway 51 and the railroad tracks in the vicinity of
County Road G with a ramp and a stop-log closure, respectively. The road
ramp would be only 1 to 2 feet high (depending on the degree of flood
protection) and a sandbag closure would be used to provide the necessary
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freeboard. In comparison, the latter alignment would be shorter, less
costly, and generally avoid significant adverse environmental impacts.
Because of the environmental consideration for these alignments, the EIS
discussed each alignment as an alternative in order to provide a better
understanding of the evaluation that was accomplished. For formulation

purposes, however, an alignment change is not considered a different

alternative.

For this levee alternative, specific features which are important

Ty

for proper functioning of the levee include levee design, seepage

control, erosion protection, and interior drainage. Based on

——

geotechnical design, the levees at Portage would have a 10-foot top
= width, 1 on 3 riverward side slopes, and 1 on 5 landward side slopes. In
addition, a sand berm would be required on the landward side of the levee . 4
downstream of Ontario Street. The lack of impervious materials in the

area and the use of sand as a levee fill account for the flattened

landward slopes and berm. The berm size (width) increases with greater o
degrees of protection because of the increase in seepage quantities and - . 4

uplift pressures. Also, the berm decreases when incorporating the fﬁT¥
existing U.S. highway embankments into the design. The road raise would
have side slopes similar to those of the levee and would be constructed

to existing roadway widths. Design criteria require 3 feet of freeboard N
above the design floodwater surface. Riprap protection is proposed where :
wave action and flowage currents would cause erosion of the levee near -
the riverbank. For the remainder of the levee areas, topsoil and seeding i;ff%
would be provided to reduce erosion potential. Drainage blocked by the -

levee/floodwall barriers and any excessive seepage would be controlled by ';sjy
interior drainage facilities. The canal and low areas would be used to .

reduce the size of these facilities.

Two degrees of flood protection were considered for this alternative

- 100- and 500-year. Standard project flood protection was not

L . e S e
P PP VTR Y GV S U I e

considered with this alternative because of the overflow problem upstream

in the Lewiston area causing Fox River flooding in the Ward 1 area of -
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Portage. The 100-year ievel of flood protection was considered minimum,
which is consistent with the State of Wisconsin Floodplain Management
Program. A 500-year flood was considered maximum because of Wisconsin

River overflow problems.

At either degree of flood damage reduction, this alternative is
implementable and supported by the city of Portage (see the public

involvement appendix).

Portage/Lewiston Levee

Ti is alternative provides for standard project flood protection at
Portage. It includes the same general alignment and all of the features
discussed in the Portage levee alternative with two exceptions. First,
tne height and width of the Portage levee alternative would be increased
in all areas to provide for the higher degree of flood damage reduction.
The increase 'n levee size would require adjustments in almost all of the
specific features; the most significant changes would occur at the
Portage Canal lock area and downstream of Ontario Street. The second
exception requires that an additional levee be provided in the Lewiston
area to prevent flooding in the Ward 1 area of Portage as a result of
Wisconsin River overilows into the Fox River upstream of Portage. These

main differences will be discussed in the following paragraphs.

In the Portage Canal lock area, this alternative would involve
rebuilding a major portion of the lock by raising the lock walls and
providing new upper gates. Although the reconstructed locks could be
made to resemble the original lock, or some other form that the lock had
in the past, the visual impacts would be significant.

This alteration of the lock would be irreparable, and significant
mitigation measures would be required. Quite likely, when providing the

standard project flood level of protection, the option of placing a

continuous levee across the mouth of the canal would be preferred because
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it would have less structural impact on the historic property. 1In
addition, this plan would be less costly, although significant mitigation
measures would still be necessary.

Downstream of Ontario Street, two important changes would be

required in developing a levee to provide standard project flood

protection. First, the width of the sand berm on the landward side of
the levee would be increased to control the corresponding increase in
underseepage pressures. In comparison, berm widths would be 2} times
;: greater for the standard project flood than for the 100-year level flood
protection. Second, standard project flood levee would be 7 feet higher
than the existing U.S. Highways 16 and 51. A road ramp would not be
possible without significantly disrupting the traffic pattern to and from
businesses in the area. Therefore, a closure structure would be used for

crossing both the highway and the railroad in that area.

A 5.1-mile new levee would be required to prevent Wisconsin River
overflows into the Fox River basin. This levee would follow along the
south side of the Chicago, Milwaukee, St. Paul, and Pacific Railroad from
near the NW}, NE} of Section 27, T.13N., R.8E. (Lewiston, Wisconsin, 7.5-
minute quadrangle) to the SE§, SE%, of Section 34, T.13N, R.BE. (Pine
Island, Wisconsin, 7.5-minute quadrangle). Another option of raising and

extending the existing Lewiston levee was considered; however, the

environmental problems and costs were significant.

The sgecific features for the Lewiston levee would be a 10-foot top
width, 1 on 3 riverward side slopes and 1 on 5 landward side slopes, and

3 feet of freeboard above the design floodwater surface. Interior

drainage would not be a problem and topsoil/seeding would be used for all

faces of the levee.

e

This alternative would protect almost tlie entire north bank of the
Wisconsin River to a standard project flood level. No additional RO

protection would be provided to the south bank and, in fact, there would -
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be an increase in the flood potential for Caledonia Township., Flowage
easements would be acquired from landowners on the south side of the
river to compensate them for increased flooding induced by implementation

of this alternative.

The environmental impacts of this alternative would be similar to
those discussed for the Portage levee from the upriver end of the project
downstream to Ontario Street. From Ontario Street to the downstream end
of the project, the standard project flood levee would have a severe
impact on both the emergent and floodplain forest wetland areas. The
Lewiston levee would affect 50 acres of agricultural, old field, and

grass lands. This alternative would require considerable compensation.

Ring Levee for Portage

This alternative was derived from a Fish and Wildlife Service
recommendation and would consist of (1) a ring levee around the Ward 1
area located in the southeast portion of the city, (2) a levee in the
Pauquette Park area, and (3) a road raise in the Summit Street area. The
latter two components and that in the lock area would be similar to those
described in the Portage levee alternative. The alignment of the ring

levee from the Portage Canal lock would be as follows:

a. South - Starting at the lock, the ring levee would follow the
existing Portage levee downstream along the southern edge of U.S.
Highways 16 and 51 until it reached the junction of Ontario Street with
U.S. Highway 51.

b. East - After crossing U.S, Highway 51, the levee would continue
parallel to the east side of Ontario Street (avoiding the homes) and
extend northeast to the Chicago, Milwaukee, St. Paul, and Pacific

Railroad tracks.
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c¢. North - The levee would continue northwest along the southern

edge of the railroad tracks to the Wauona Trail Road and then northeast ’
to a point where the levee would tie into State Highway 33. One };fﬁ

alignment option would be not to cross the railroad tracks but to

continue the levee along the southern edge of the tracks until it reached )
high ground after crossing the Portage Canal. The initial alignment )
option is preferred since it incorporates a majority of the city with

little additional environmental problems.

Specific features of this alternative would be road ramps and/or ] 1

closure structures at all main road or railroad crossings, a closure
structure for the canal at the northeast part of the levee alignment,
floodproofing for the few scattered dwellings east of the levee
ﬁ alignment, and acquisition/evacuation of most of the trailer park. ; :
; Geotechnical designs would be similar to those for the other structural :

alternatives, with levee top widths of 10 feet and side slopes of 1 on 3

riverward and 1 on 5 landward. Berms would be needed for all areas away
from the river and a pumping station would be used to handle blocked
drainage. Riprap would be used only on the part of the levee next to the

Wisconsin River, while topsoil and seeding would be used elsewhere.

This alternative is being considered instead of developing the
upstream Lewiston levee. Therefore, the degree of protection will be ',}‘4

limited to standard project flood protection.

Environmentally, this alternative would have a severe impact on the )
Portage Canal, a historic site, through two closure structures. Effects _jnuﬁ

on the natural environment would be similar to those described for the

Portage levee alternative. In addition, the portion of the ring levee ﬁfjiq
along Ontario Street would affect 4 acres of floodplain forest. Although )
compensation would be required for these effects, the details were not

determined.
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Nonstructural Alternatives

w3

Four nonstructural alternatives were recommended for further study
including: acquisition of the structures in the floodplain; floodplain

regulations; flood insurance; and flood forecasting, warning, and evacua-

ae AT s masao  Casaenen

tion. Only acquisition of structures in the floodplain will be discussed
here since floodplain regulations, insurance, and warning systems have ]
already been discussed in the no action alternative. The latter three

measures are expected to occur in the future.

Under this alternative, all of the residential structures and )
businesses in the Ward 1 and 8 areas of Portage and in the Blackhawk Park
area of Caledonia Township would be acquired. This acquisition would
occur based on the desires of indiridual property owners. The entire
evacuation plan would not be completed for many years. The floodprone ’
structures around Pauquette Park would be floodproofed. It is not
economical or practical to acquire or uniformly floodproof the remaining

residential/business structures in the Columbia County floodplain since

{'j.

many are seasonally inhabited and are scattered throughout the area.

All properties to be acquired would be purchased and the owners
would be assisted in finding replacement properties. The purchased

structures would be cleared from their sites. The evacuated sites would

L S

be graded, seeded, and planted with appropriate vegetation for reasons of

public safety and aesthetics.

A significant number of displaced homeowners might wish to move
their homes to new sites. In these cases, individuals would be offered

their structures for repurchase at salvage value and advisory assistance

would be provided by the Corps of Engineers for moving the structures.
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To ease the potential housing shortage which might be caused by the
evacuation, all remaining houses for which it is desirable and feasible
would be relocated, renovated, and made available for purchase as

replacement housing as part of the project.

The acquisition would require purchase of the residential and
business structures partially occupying approximately 42 city blocks
witnin Portage and 3 sections in Caledonia Township. Sufficient
residential land in the city and county would have to be made available,
with and without existing dwellings, to accommodate all evacuated persons
who wished to relocate there. It would be the responsibility of the
city/county to insure that sufficient improved lots for new or relocated
dwellings were ready by the time of project implementation to meet the
demand for them. Before evacuation took place, the availability of
replacement dwellings for all displaced residents would have to be

assured.

There would be no change in the floodplain management ordinance and
therefore, any possible changes in floodplain regulation would be
independent of project implementation. The existing regulation affects

properties and individuals in all areas of the county floodplain.

All property owners with property remaining in the floodplain
subject to floodplain regulation could, at their option, obtain technical
assistance in floodproofing their structures. This assistance would help

them to determine which measures are best suited to their structures.

All persons who would be displaced from their business locations,
homes, and/or homesites as a result of this project would receive the
benefits provided for in the applicable Federal and State laws in
addition to the purchase price of any property which would be acquired.
The Uniform Relocation Assistance and Real Property Acquisition Policies
Act of 1970 (Public Law 91-646), which applies to all land purchases for

federally assisted projects, provides for the following:
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a. Every reasonable effort shall be made to acquire real property s
promptly by negotiation. »

b. The owner or his designated representative shall be given an

opportunity to accompany the appraiser during his inspection of the
property.

c. Before the start of negotiations, an amount would be established
as just compensation and a prompt offer would be made to acquire the
property for that amount. In no event shall the amount be less than the (B
concerned agency's approved appraisal of the fair market value of the -
property. The owner would be provided a written statement of, and a

summary of the basis for, the amount established as just compensation.

d. An owner would not be required to surrender possession of real
property until he is paid the agreed purchase price or until a deposit is
made with the court, for the benefit of the owner, in an amount not less
than the concerned agency's approved appraised value or in the amount of
the award of compensation by the court.

e. The construction or development of a public improvement would be
scheduled to the greatest extent practicable to give the owner at least

90 days written notice to move.

f. If the acquisition of real property would leave the owner with
an uneconomic remnant, an offer would be made to acquire the entire

property.

Public Law 91-646 requires that all persons displaced by land acqui-
sition actions of a federally assisted program be fully advised of the
benefits available to them to minimize any adverse impacts. In general,
the law seeks to provide displaced residents with housing at least equal
to that which was vacated. Persons living in substandard housing who are
displaced would be assisted in moving into other housing which meets
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minimum standards with respect to decency, safety, and sanitation. This
type of benefit is entirely separate from, and in addition to, the price
paid for the property acquired. Some additional requirements are
included in Wisconsin's relocation law and would be the responsibility
of the local sponsor,

Land use controls consistent with Wisconsin, c¢ity, and county
floodplain management objectives would prevent unwise development from

recurring in the evacuated area.

T

SELECTING A PLAN

A plan can be identified recognizing the economic, environmental,
and implementability aspects of the refined alternatives.. An alternative
or combination of alternatives that best satisfies these requirements can
therefore be included as part of a plan. For the study area this is
consistent with the overall study objectives described earlier. The
primary criterion is economics. The refined alternative(s) must provide
the most cost-effective solution from a national perspective. A
secondary criterion is the environment, as it is important to protect the
Nation's environment. The third criterion is implementability, which is
guided by social acceptance. Evaluation of the refined alternatives
based on these three criteria is discussed in the following paragraphs.

ECONOMIC EVALUATION

The following figure presents an economic comparison of the refined
alternatives which is accomplished by assessing the costs and benefits.
Estimating the cost of each alternative is a relatively straightforward
procedure consisting of estimating the first cost or construction cost
based on implementation of the alternative features discussed. The
average annual costs are alternative costs reduced to an average annual
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the Nation's development. The benefits for the refined alternatives are

'i based on the amount of flood damage reduction attributable to each and
are determined by knowing the modifications or flood damages of the area.
s Benefits are positive contributions to the national economic development.
hl Net contributions are the difference between positive and negative values
and are the standard by which the alternatives are compared. The
- benefit-cost ratio is the relation of benefits to costs and represents

the degree of economic justification of a project.

Economic evaluation of refined alternatives ($1,000's)
Refined alternatives

No Portage Porta%e Portage/ Ring levee Nonstructural
Economics action levee 1) levee 2) Lewiston levee for Portage (evacuation)
First cost a9 6,787 7,238 11,765 13,000 15,622
53 -
Average annual 0%
cost (3) 2o 615 655 1,064 1,209 1,270
ck:
Average annual ce
benefits R 733 938 972 972 746
P
Net benefits 38  +118 +283 -92 -237 -524
@ O
Benefit-cost 5 -
ratio 273 1.2 1.4 0.9 0.8 0.59

(1) Developed to provide Portage with flood protection from a 1-percent chance flood.

(2) Developed to provide Portage with 500-year flood protection.

(3) Includes interest and amortization for 100-year life at an 8-1/8-percent interest
rate and additional charges for operation and maintenance.
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Of the refined alternatives, the Portage levee alternative developed
to a 500-year level of flood protection has the highest net benefits.
The same alternative with a 100-year level of flood protection still has
a positive benefit-cost ratio but has less net benefits. The net
benefits of the Portage/Lewiston levee alternative are negative and
incremental justification is lacking. Likewise, the ring levee and
evacuation alternatives have negative net benefits. Therefore, the
economic evaluation indicates that a Portage levee alternative developed
to a 500-year level of flood protection best satisfies the national
economic development objective.

ENVIROWMENTAL EVALUATION

An environmental comparison is accomplished by reviewing the
beneficial and adverse contributions that would occur from development of
the refined alternatives. The following figure presents a summary of the
overall biological ressurces which would be impacted. A detailed
description/discussion of the impacts is presented in the final
environmental impact statement section of the main report. However, the
overall environmental evaluation indicates that any of the refined
alternatives could be developed consistent with protecting the historic
and environmental importance of the area. Slight preference might be
given to the nonstructural alternative of evacuation since it removes the
human impact on the biological systems and, in turn, the floodplain would
probably become more productive and/or diverse.
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Relative environmental impacts of alternatives

gﬁ Cultural Social Outdoor
Proposed alternative Biological Resource Resources Recreation
. Levee Improvement
- Portage Adversely Potential Significantly Potential
affect for im- reduce social for new
riparian pacting un- impacts that trails and
hardwood recorded accompany other
forest & archeolog- flooding amenities
wetlands ical sites
Portage/Lewiston Adversely Potential Negative Potential
affect impact to  social for new
riparian recorded impacts in trails and
hardwood archeo- Caledonia other
forest & logical amenities
wetlands site
y Ring Adversely Adverse Adverse Disruption
Ti affect effects social of current
) riparian on Portage impacts uses
hardwood Canal
forest &
; wetlands
) Nonstructural No impact Potential Potential No impact
% for signif- for signif-
} icant icant adverse
g adverse impact
impact
No Action No impact No impact No impact No impact
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IMPLEMENTABILITY EVALUATION

Implementability of a particular alternative depends upon six major
factors:

a. Technical feasibility

b. Economic feasibility

c. Social acceptability

d. Environmental acceptability
e. Cultural acceptability

f. Support

The first five factors were used in the formulation analysis to
identify, screen, and refine each of the flood damage reduction
alternatives for the study area. The alternative which satisfies the
requirement of implementability in the Portage area is the Portage levee
alternative. Support for this alternative is documented by letter dated
30 September 1983. Based on decisions made at the last citizens
committee meeting and on the Institutional Analysis Report, the no action
alternative is favored by the rest of the study area. Appendix J
presents a discussion of this support. For the nonstructural alternative
of evacuation, implementation is questionable because of economics and
support. Since the evacuation alternative 1s not feasible, the type of
evacuation that would be considered is long-term evacuation. This would
be accomplished over time as residences (floodplain) became available.
The Corps of Engineers would not participate in such a long-term effort
and, therefore, implementation would depend upon the actions of a non-
Federal interest. No such actions have been expressed to date. Likewise
for the Portage/Lewiston levee alternative, implementability is not a
possibility because of the lack of feasibility, the problems with the
Portage Canal area, and the increased flood problems in the Caledonia

area.
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SUMMARY

The economic, environmental, and implementability aspects of the
refined alternatives have been considered in the preceding paragraphs. A

summary is presented in the following figure.
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The plan formulation analysis indicates that there is only one
alternative in each flood problem area that is worthy of being included
in the final plan. Therefore, these alternatives constitute the selected
plan, This consists of implementation of a 500-year flood control levee
at Portage with modifications to the existing alignment and careful
incorporation of the historic Portage Canal lock into the levee plan.
For the remaining floodprone areas of the basin, participation in
floodplain regulation and flood insurance is included in the selected
plan. Finally, the selected plan in combination with the detailed
floodplain analysis completed as part of this study entirely satisfies

the overall study objectives discussed earlier.

SCALE OF DEVELOPMENT

The formulation process included a rather complete analysis of the
economic conditions of the Portage levee alternative. However, this
section confirms that the degree/level of flood damage reduction selected
for the structural alternative is the optimum economic level. Results of

the optimization analysis are discussed in the following paragraphs.

From an analysis of the 100-year, 500-year, and standard project
flood levels of protection, an optimum relationship between average
annual costs and benefits for the entire project exists when flood
protection is provided against a flood having a recurrence interval of
once in about 500 years. An increase in the level of flood protection to
the standard project flood level would not be economically justified and
would be extremely difficult to implement because it entails a much
different plan that impacts significantly on other floodprone areas of
the county. In addition, four major impediments occur at the standard
project flood level including a significant adverse impact on the Portage
Canal lock (a property identified on the National Register of Historic
Places), a large change in structural design of the Portage levee, the
induced damages in the Caledonia Township area, and the local

unacceptability.
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< Tne following figure gives economic data for the three degrees of

flood damage reduction:

Plan optimization data ($1,000)

Degree of
protection Annual Annual Net Benefit-cost
Plan (in percent) benefits _ costs benefits ratio
Portage levee 1  (100-year) 733 615 +118 1.2
Portage levee 0.2 (500-year) 938 655 +283 1.4
Portage/Lewis~- 0.03 (Standard 972 1,064 - 92 0.91
ton levee project
flood)

The following figure shows average annual benefits and costs graphed
on a linear scale. Maximum net benefits on the graph are the point at
which benefits and costs are increasing incrementally at the same rate.

This figure demonstrates that the point of optimum net benefits is at the

selected level of development (500~year protection).
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APPENDIX B
HYDROLOGY R

CLIMATOLOGY

GENERAL

Tne study area for the Wisconsin River at Portage feasibiiity study is
shown on plate B-1, The climate of the study area is continental wita

waram summers and cold winters. The average growing season is about 150

- ey

days, from the last spring freeze in early May to the first fall freeze .

in eariy October. The mean annual temperature for the Wisconsin River
basin is about 44° F with monthly averages varying from 15° F in January

to 719 F in July. Monthiy and mean annual temperatures for selected

iocations within tne basin are shown in the following tabie. .
Monthiy and Mean Annual Temperatures :ifﬁ
Wisconsin Prairie T
Month Rhinelander Merrill Rapids Portage du Chien ::::
January 12.3 13.2 14,2 18.4 19.0 :
Fehruary 15.1 16.1 17.5 22.0 23.1
March 25.9 26.8 28.4 32.3 33.7
April 42,1 43.4 4h.3 47.8 4g .4 —
May 54.0 55.0 55.7 58.9 61.7
June 63.5 64.3 65.5 67.9 70.0
Juiy 67.17 68.8 69.8 72.3 4.1
August 65.9 67.0 68.2 70.6 72.8 3
September 56.9 57.7 58.7 61.9 63.8 o
October k7.5 48.0 48.8 52.4 53.5 E::?
November 31.0 32.0 32.9 36.8 37.5
December 7.7 18.7 19.5 23.5 24,2 :
Annual 41.6 42.6 43.6 §7 .1 u8.5 :ﬁf:




PRECIPITATLON

Normal annual precipitation varies slightly within the basin., Average
annual precipitation is about 31 inches, 60 percent of which occurs
between May and September. The mean annual snowfall is approximately 36
inches for the north central portion of Wisconsin and about 30 inches for
the central portion. This represents between 10 and 15 percent of the
annual precipitation.

National Weather Service hourly recording gages for precipitation are
located at the following sites in the Wisconsin River watershed above
Portage.

Phelps Deerskin Dam
Rainbow Reservoir

Three Lakes Ranger Station
Prentice

Rice Reservoir

Merrill

Medford

Wausau

Eau Pleine Reservoir
Marshfield Experimental Farm
Babcock

Coddington

Tomah Ranger Station
Friendship Ranger Station
Portage

Monthly and mean annual precipitation for selected communities in the
Wisconsin River basin is shown on the following table.

B-2
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__Monthly and Mean Annual Precipitation

—— . v o ——

Wisconsin Prairie

Month Rhinelander Merrill Rapids Portage du Chien
January 1.00 0.99 1.01 1.19 1.08
Feoruary 0.74 0.76 0.90 1.02 0.92
March 1.50 1.61 1.91 1.59 2.14
April 2.21 2.38 2.79 3.06 2.94
May 3.53 3.93 3.91 3.24 3.94
June 4.42 5.40 4,40 4,15 4,65
Juty 3.67 3.88 3.43 3.69 3.74
August 3.89 4,03 3.48 3.16 3.62
September 3.80 4,07 3.75 3.87 3. 40
Octover 2.29 2.29 2.26 2,13 2.25
Noveuber 1.84 1.94 1.92 1.94 1.70
Decemoer 1.14 1.07 1.24 1.36 1.30
Annual 30.03 32.35 31.00 30.70 31.68

-t o ———

STREAMFLOW, RUNOFF, AND FLOOLS

STREAMFLOW RECORDS

Wisconsin River

The first record of flood stage and discharge dates from March 1673 on
the Wisconsin River at Portage and from October 1934 at Wisconsin Dells.

The staff gage at tne Portage locks was established by the National
Weather Service. It has remained at the same location with minor changes
in elevation. This staff gage is read daily by a resident of Portage.
The U.S. Geological Survey (USGS) gage, about 3 miles downstream from
Wisconsin Dells, is a digital water stage recorder. Before October 1993,
a grapnic water stage recorder, at a datum 5 feet higher, was used at

this location. To supplement these records, interviews and field inves-
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tigations were conducted in the area, and a search was made of newspaper
files, books, and other historical documents. Based on water surface
records, interviews, and field investigations, computations were made to
develop flood profiles. This work resulted in a flood history spanning
133 years for the Wisconsin River at Portage.

Baraboo River

N The period of record for streamflow gaging on the Baraboo River at
% Baraboo, Wisconsin, (USGS gage 05-4050) is 1914-21, 1935, 1943-present.
E For this report the period of record through 1978 was used. The drainage

- area at Baraboo is 609 square miles. No detailed literature search was
' conducted to develop additional data to extend the period of record.

Fox River

The only Fox River USGS gaging station is at Berlin, Wisconsin (drainage
area = 1,430 square miles, USGS station 05-0735). The period of record
is 1831, 1898-present. For analysis for this study, the period of record
ends in 1978.

RUNOFF CHARACTERISTICS

The Wisconsin River drains an area of approximately 12,000 square miles

in central Wisconsin. Its streamflow is regulated by 21 reservoirs

operated by the Wisconsin Valiey Improvement Company in the headwaters

and on tributary streams. The reservoirs provide water for 26 main stem

hydroelectric dams. Prairie du Sac is the only reservoir downstream of

Portage. The State of Wisconsin sets operating limits for these

reservoirs with a goal of maintaining more uniform flow than what would

have occurred without the reservoirs in place. Although no power is

generated at these 21 reservoirs, their operation provides for flood

control and low flow augmentation in the river.




EFFeCT OF LAKE STORAGE

Tnree large nydroelectric dams, DuBay, Petenwell, and Castle Rock,

located on the Wisconsin River just above Portage draw down tneir pools
during tne winter to create storage for spring floodwaters. The amount
of drawdown varies from year to year, depending upon the level of spring
runofr forecast. The operation of these reservoirs, in addition to the
storage in the 21 storage reservoirs, has had a significant impact on
floods. The Eau Pleine reservoir is the closest to Portage, and the rest
are considered to be headwaters reservoirs. The mean annual flood peax
at Wisconsin Dells has been lowered 21 percent. However, the three large
main stem hydroelectric dams would have a minimal effect on summer and
fall fioods, because their pools would be nearly full, with little flood
control storage available. There are also 22 run-of-river hydropower

dams upstream of Portage that have a minimal effect on flood reduction.

WATERSHED CHARACTERISTICS

The Wisconsin River drainage basin has changed drastically since the days
of pioneer settlement. New durable dams have been built and most of the
original forest cover has been replaced by pasture and cropland.
Evaluation of flooding conditions, particularly in the city of Portage,
musi. consider the fact that the levees have been raised and reinforced in
a naphazard manner over the years. Flooding in the city can occur wWhen
tne lavees are breached or overtopped. Flooding also occurs in the
remainder of the county in Caledonia or Lewiston when their levees are

breached or overtopped.

FLOODS OF RECORD

Wisconsin River

Severe flooding from spring runoff has not occurred in recent years
pecause of the Wisconsin Valley Improvement Company's efforts to store

spring runoff. With the present reservoir operation policy, severe
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flooding from heavy rains is more likely than flooding from spring

runoff.

The following table lists flood stages and discharges for known floods
which exceed the flood stage of 17.0 feet at the Portage locks. The

table on page B-8 lists the ten largest known floods as recorded at the

l Wisconsin Dells gage.
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WISCONSIN RIVER AT PORTAGE, WISCONSIN, FLOOD CREST ELEVATIONS
ABOVE FLOOD STAGE (PERIOD OF RECORD 1873-1978)

The table includes all known floods above flood stage of 17.0 feet at
the gaging station at the locks in Portage, Wisconsin, at mile 115.0 above
the Mississippi River. Drainage area = 7,940 square miles, approximately.
Stages adjusted to present gage zero of 773.94, M.S.L. 1929 adjustment.

Peak
Maximum Crest Discharge
Date of Crest Stage Elevation (cfs)
April 20, 1888 17.1 791.0 41,700
May 4, 1888 17.1 ‘ 791.0 41,700
October 9, 1900 18.8 792.7 56,200
Sept. 20, 1903 18.5 792.4 53,500
June 11, 1905 18.9 792.8 57,000
Oct. 11-12, 1911 19.2 793.1 59,800
Sept. 7, 1912 18.2 792.1 50,800
June 10, 1914 17.7 791.6 46,500
April 27, 1916 18.0 791.9 49,100
March 31, 1920 18.2 792.1 50,800
April 14, 1922 19.1 793.0 58,800
April 26, 1923 17.2 791.1 42,500
Sept. 20, 1928 18.1 792.0 50,000
April 12, 1929 17.9 791.8 48,200
March 27, 1935 19.0 792.9 64,600
March 29, 1936 17.5 791.4 46,300
Sept. 14, 1938 20.5 794 .4 72,200
March 30, 1939 18.2 792.1 48,500
June 29, 1940 18.3 792.2 50,700
Sept. 6, 1941 17.3 791.2 43,600
June 5, 1942 18.4 792.3 52,800
June 4-5, 1943 18.9 792.8 57,500
. March 23, 1945 17.3 791.2 43,000
i March 19, 1946 17.7 791.6 45,600
April 12, 1951 19.1 793.0 61,700
October 1, 1959 17.7 791.6 43,800
May 10, 1960 19.6 793.5 63,300
April 16, 1965 18.5 792.4 50,200
» April 5, 1967 18.8 792.7 51,800
- June 29, 1968 17.5 791.5 42,100
July 1, 1969 18.2 792.1 46,300
April 14, 1971 17.1 791.0 36,000
April 21, 1972 18.0 791.9 42,000
Sept. 30, 1972 18.3 792.2 45,500
March 17, 1973 21.1 795.0 62,600
April 30, 1975 17.2 791.1 37,400
April 2, 1976 18.0 791.9 41,000

NOTES:

1. Prior to October 1934, discharges are obtained from the rating curve
at Portage, After October 1934, discharges are as recorded at the
Wisconsin Dells gaging station and stage as recorded at Portage.

2. Levees constructed near and at Portage, Wisconsin, from 1880 to 1900,
have restricted the flood channel, resulting in higher flood stages
for a given discharge.




Ten largest known floods, Wisconsin River
at Portage, Wisconsin
(Period of Record 1873-1973)

Maximum Crest Peak
Order stage elevation discharge
No. Date of crest (feet) (1) (feet) (1) (cfs)
1 Sept. 14, 1938 20.5 T94. 4 72,200
A 2 Mar. 27, 1935 19.0 792.9 64,600
3 May 10, 1960 19.6 793.5 63,300
iy Mar. 17, 1973 21.1 795.0 62,600
5 Apr. 12, 1951 19.1 793.0 61,700
b Oct. 11-12, 1911 19.2 793.1 59,800
7 Apr. 14, 1922 19.1 793.0 58,800
8 Jun. U-5, 19u3 18.9 792.8 57,500
9 Jun. 11, 1905 18.9 793.8 57,000
I 10 Oct. 9, 1900 18.8 792.7 56,200

(1) 1929 adjustment
NOTE: Prior to October 1934, discharges are obtained from the rating
i curve at Portage. After October 1934, discharges are as recorded

at the Wisconsin Dells station and stage as recorded at Portage.

Foliowing are descriptions of large known floods that have occurred on
the Wisconsin River in the viecinity of Portage. These are based on
newspaper accounts, historical records, and field investigations. High
waters of significance have been recorded for 1838, 1845, 1850, 1852,
1880, 1900, 1905, 1911, 1922, 1935, 1938, 1943, 1951, 1960, 1965, 1967
and 1973,




June 1880 Flooid

Tnis flood is descrived as tue worst flood vefore construction of tne

isve2s. An excerpt from the Portage Democrat on June 13, 188y, r2ads 13

foirlows: "Hever defore in tne nistory of £i00ds 114S 50 Bwd¢h property
veen Jdestroyed in the vicinity of Portage. The oottom lanis bztwe=2n tie
Wisconsin and Baraboo Rivers are inundated. The levees ia Lewiston gave
way Tuesday nignt, June 15th, and the bacxkxwate, >f the Wiscons:n now
finds an outlet through Big Slough down Neenah Creex and into thue #x

iver.”

October 1911 Flood

The Aisconsin River flooded again in 1900 and 190%. By 1911, howeve:,
the 12vees had been extended and strengtnened. During the October 1411
nigh waters tne levees held, except for tne one nszar Barden Place wnich
let several feet of water onto the Caledonia lowlands. The reading at
the Portage locks was within 1 foot of the lock's top. The confidence in

the city side levees was exemplified by the Portage Democrat wnicn said

in 1911, "If tne river rise continues, it is likely the water will go
over the levees on the Caledonia side first, and thus, relieve the
situation on the city . .. The river certainly would go over the ievees
in many places and lower the flood before it could reach the top of theo

lock."

September 1938 Flood

The Wisconsin State Register, Portage, Wisconsin, in its September 19,

1938, edition, noted that the 1911 flood story paralleied the story being

written about this flood. Service was suspended on the Milwaukee Road's
Madison line and basements were flooded, but the levees were holding.
However, the break in the main levee near Tom Turkey Inn was serious.
The Register stated, "After the break occurred, notning was done to
attempt to fill the levee break which was about 20 feet wide. The water
flowed rapidly northward toward the city in the marshland, covering the . 1

highway and spilling through railroad culverts toward tne Fox River
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drainage system.” (Note: Local historians have indicated that the break

was filled with old venicles and random fill.)

Flooding in Caledonia was described in the Register: "The view from the
hospital hill out over Caledonia this afternoon resembled that in a lake
country. Large areas of the township were under water. The Baraboo
River rose 7 inches during the night after rising during the day
wednesday, and there was much flooding from that stream." The levee
break would have been even more serious if the river's main channel did

not have to cross a lengthy swamp to the break.

May 1960 Flood

The Portage Daily Register in its May 9, 1960, edition had the following

to say about the second highest recorded water level in the history of
the gage: "The worst flooding in recent years was reported here as the
city braced for a 19 foot level on the Wisconsin River.," "Locally
basements were flooded in the First Ward and along West Edgewater Street
next to the Wisconsin River." Portions of West Carroll and Conant
Streets were flooded. The levees held and no serious flooding occurred
within the city.

Other Floods
The nigh water of 1951 is recorded at 19.1, the fifth highest stage in

the nistory of the gage. The common high water occurrences are

exemplified by a statement from the Portage Daily Register on April 12,

1951. "In the First Ward in Portage, there are many houses with flooded
cellars, but that is considered an annual event." The levees were not

overtopped or breached that year.

Fox River

The flooding history on the upper Fox River is not as well documented as
that on the Wisconsin River. The nearest stream gage on the Fox River is

at Berlin (drainage area = 1,430 square miles). However, the dates of
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flooding at Portage.

at Berlin are tabulated belqw.

_Ten Highest Floods of Record at Ber

et S - un Al g A e amtan A - At adic i

major flooding at Berlin probably also indicats the dates of major
The ten highest floods during the period of record
The average Lravel time from Portage to

Berlin is estimated to be approximately 5 days.

lin (Gage 04-0735)(1)

Date

Peak discharge (cfs)

darech 17, 18, 1946
March 21, 23, 1929
March 28, 30, 1916
September 21-23, 1938
March 21-23, 1918
April 12, 1923

March 15, 1973

March 23, 24, 1928
June 10, 11, 1905
March 16, 1922

6,900
6,620
6,400
6,190
6,050
6,050
6,010
5,920
5,920
5,920

{1) Period of record 1881/1898-1978.

B-11

High watermarks for the 1973 flood on the Fox River were available. By
statistical analysis of gage records at Berlin using the most recent
Water Resources Council guidelines with an adopted skew equal to the
station skew of -0.300 rounded to the nearest tenth, the 1973 flood was
assigned an exceedence probability of 0.07 percent at Berlin. Analysis
of other stream gages in the Fox River watershed indicates a similar
exceedence probability for the 1973 flood. A 1973 high watermark
elevation of 775.7 at section F results in a peak discharge of
approximately 1,700 cfs as predicted by the HEC-2 step backwater model
developed for the Columbia County Flood Insurance Study in 1979.

High watermarks for tne 1881 flood are also available. The Columbia
County HEC-2 model predicts a peak discharge of approximately 2,300 cfs

from the high watermarks for the 1881 flood; however, the character of
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the Fox River nas cnanged since that time., At the time of tne 1881

flood, locks existed along the upper Fox River,

Baraboo River

The Baraboo River (drainage area = 609 square miles) is gaged
approximately 16.4 miles upstream from‘*its mouth. The dates and
magnitudes of the ten highest floods during the period of record are
given in the following table.

__Ten Hignest Floods of Record on the Barfboo River (Gage 05-4050)(1)

Date Peak discharge {(cfs)
March 26, 1917 7,900
June 22, 1920 7,360
April 5, 1959 5,910
February 13, 1966 5,900
March 29, 1950 5,760
March 30, 1961 5,640
April o, 1956 5,340
March 21, 1948 5,340
August 6, 1935 5,100
July 6, 1978 4,600

(1) period of record 1914-1921/1935/1943-1978.
FLOOD FREQUENCY CURVES
GENERAL

Discharge-frequency relationships for locations on the Wisconsin River
were developed by the Wisconsin U.S. Geological Survey and the St. Paul
District., The results of this analysis are published in the USGS Open
File Report 80-1103, "Streamflow Model of Wisconsin River for Estimating
Flood Frequency and Volume," dated November 1980. Daily simulation was

completed for water years 1915-76., Simulation was necessary to make
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streamflow values homogeneous for the period of record because the three

large hydroelectric dams in central Wisconsin were all constructed after »
1940. Streamflow was simulated for two conditions: (1) with no i;—;
reservoirs in the systeam, and (2) with all existing reservoirs in place T
and operating with current rules. N

-t lao

At Wisconsin Dells, typical flood hydrographs for the 10-, 25-, 50-,

100-, and 500-year floods were estimated using simulated data. Volumes '
of runoff represented by these hydrographs were determined by tne
frequency-discharge relationship for various durations, as shown on plate

B-2. Flood hydrographs for the 10-, 25-, 50-, 100-, 200-~, and 500-year ;'
floods are shown on plate B-3. ’
The hydraulic methodology used to develop thne frequency-discharge .
relationships downstream of Wisconsin Dells for the various levee : _
conditions assumed that a perfect correlation exists between the C
Wisconsin River's peak discharge frequency and volume frequency. All ;&;i
flood hydrographs having a given exceedence probability were assumed to i;ffg
have the corresponding shape given on plate B-~-3. Assumed levee r;';

conditions involving lateral outflow away from the Wisconsin River were

analyzed using the "SPILL" program (discussed in greater detail in the

hydraulics appendix) whereby the levees or embankments being overtopped
could reasonably be modeled as unsubmerged or partially submerged weirs. '
Frequency-discharge relationships downstream of Wisconsin Dells were
developed by modified puls routing of the hydrographs to account for
channel storage and thus reduce the channel discharge at each cross :
section. The reduction in peak discharge due to channel storage was . -
found to be negligible. The effect of lateral outflow was found to be

very significant for discharges exceeding the channel discharge of

incipient outflow equal to approximately 60,000 ¢fs (for the levees
overtopped but not breached condition). The downstream limit of the
Wisconsin River reach involving lateral outflow was found to be section TR

AD (just downstream of the Portage levee).
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Three significant streams join the Wisconsin River between Wisconsin

Dells and the Prairie du Sac Dam:

a. Dell Creek (drainage area = U4.9 square miles at the mouth)
b. Baraboo River (drainage area = 609 square miles at the gage)

¢. Duck Creek (drainage area = 97 square miles at the mouth)

The Dell Creek confluence is upstream of the U.S. Geological Survey
daging station near Wisconsin Dells. Thus, the effect of Dell Creek
inflows to the Wisconsin River has been included in the frequency-

discharge relationship and the flood hydrographs developed for Wisconsin
Dells.

The Baraboo River has a drainage area of 609 square miles at the gage
approximately 16.4 miles upstream of its confluence with the Wisconsin
River and 629 square miles at the Interstate 90/94 bridge located in the
flat land adjacent to the Wisconsin River (see plate B-1). Because of
the relatively small local inflow contributing area downstream of the
gage, flows at the gage were not adjusted at the mouth, approximately
7.58 miles downstream of the Interstate 90/94 bridge.

WISCONSIN RIVER DISCHARGE-FREQUENCY CURVES
WITH AND WITHOUT EXISTING RESERVOIRS

The results of the computer model simulation indicated that the
reservoirs have an impact on floods. The mean annual flood peak at
Wisconsin Dells was lowered 21 percent from 43,000 cfs for the simulated
unregulated condition to 34,000 cfs for the simulated regulated
condition. The 100-year flood peak at Wisconsin Dells is reduced 8
percent (92,000 cfs to 85,000 cfs) between the simulated unregulated and
simulated regulated conditions with the expected probability adjustment.
The 85,000 cfs discharge for the 100-year flood peak at the Wisconsin
Dells gage was agreed upon by the U.S. Geological Survey, the Wisconsin

Department of Natural Resources, and the Corps of Engineers.
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The 100-year flood peak at Wisconsin Delis, computed from the simulated
regulated streamflow data for the period 1915-1976, is 85,000 cfs. The
simulation included the effects of all the reservoirs in the river
system, as they are currently operated. It also included the effects of
Lakes DuBay, Petenwell, and Castle Rock which are significant for spring
floods but insignificant for summer or fall floods because the lakes are
normally kept nearly full in the summer and fall and have littlie storage
for floodwaters. Discharge-frequency relationships for both the
simulated regulated and the simulated unregulated conditions were
developed by fitting the log Pearson Type III distribution to the annual
maximum flows with the expected probability adjustment. The following
table contains the frequency-discharge relationships for the simulated
regulated condition with the expected probability ad justment. Simulated
regulated and simulated unregulated discharge-frequency relationships for
the Wisconsin River at Wisconsin Dells are given on plate B-U4. The
regulated discharge-frequency curve shows a dip, or reverse curvature.
This dip reflects the effect of regulation by the Wisconsin Valley
Improvement Company for events greater than a 10-percent exceedence
frequency. The regulated curve will tend to approach natural conditions

for events on the order of 0.1-percent exceedence frequency.

BARABOO RIVER COINCIDENT WITH WISCONSIN RIVER

Because of its size, the Baraboo River watersned would be expected to
significantly increase the frequency-discharge relationship on the
Wisconsin River downstream of the confluence with the Baraboo River.
Since the Wisconsin and Baraboo River USGS gages are a reasonable
distance upstream of their confluence, a bivariate distribution was used
for the analysis to develop a Wisconsin River frequency-discharge
relationship downstream of the confluence. The Baraboo and Wisconsin
Rivers recorded discharges considered in the analysis must be coincident
since the sum of the discharges is the quantity of interest in the
analysis. The period of record for which concurrent gaging records
existed at the Barabooc and Wisconsin Dells gages was examined, and the
maximum sum of discharges was found to occur almost without exception on

the date of the Wisconsin River annual maximum. The samples used in the
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bivariate analysis, therefore, consisted of the annual maximums of the
Wisconsin River and the coincident flows on the Baraboo River. The
frequency-discharge relationship for Baraboo River flows coincident with
Wisconsin River annual peaks is shown on plate B-5. The average times
determined for flood peaks on the Wisconsin and Baraboo Rivers to travel
from their respective gage sites to the confluences differed by less than
1 day. Therefore, no lag time was assumed in determining the sample of

Baraboo River flows coincident with Wisconsin River annual peaks.

The frequency-discharge relationship developed at Wisconsin Dells and the
Baraboo coincident flow frequency-discharge relationship were found to
closely approximate a log-normal distribution; therefore, the bivariate
log-normal distribution was used. The frequency-discharge relationship
at the Baraboo gage for Baraboo River annual maximums is given for the
instantaneous peak and various other durations on plate B-6. These
values are applicable at the Interstate 90/94 bridge which is near the

mouth.

The correlation coefficient between the logarithms of Wisconsin River
annual peak discharge and the logarithms of the coincident Baraboo River
discharge was found to be approximately 0.6. For the assumed condition
of levees being extended vertically to contain flood discharges, the
frequency-discharge relationship just upstream of the Baraboo confluence
is assumed to be the same as the frequency-discharge relationship at
Wisconsin Dells. This is because the reduction in peak discharge due to
channel storage has been determined to be negligible based on the results
of modified puls routing through the reach from Wisconsin Dells to the

Baraboo confluence.

The discharge downstream of the confluence can be treated as the sum of
two random variables. The probability density function (p.d.f.) of the

sum of the two random variables can be written as follows:

p.d.f. of u = x+y is
®
f(u) = J;(x,u-x)dx
o

Ep—




In the case of the bivariate log-normal distribution, the p.d.f. may be

written in terms of the discharges upstream of the confluence as follows:

| ,

. £x, x ) = « exp(=0.5 Q(x,,x.))
: 1772 2nololex2AJl_A2 1°72
- where
- {lnx, -y )2 (lnx_~-u )2 .' {lnx -y, ) (lnx_=-y_)
1 1 71 2 2 1 "1 2 "2
Q(xl.xz) = 3 3 + 3 - 2p P~
1-p al o2 172
: Flu) = 1 1 « exp(-0.5 Q(x,,u-x_))dx
2 | x, (u=-x_) 1'" "1 1
210102 l-p 1 1 -

[}

Where Xys Xy = the upstream tributary discharges

u = the discharge downstreanm of the confluence

01, 02 = the standard deviations of logarithms for
the discharges of tributaries 1 and 2.
W), Wy = the mean logarithms for the discharges of

the tributaries 1 and 2.

p = the correlation coefficient between the
logarithms of x] and xj.

The above equation can be integrated numerically to yield the
nonexceedence probability of a given value of u which in this case

represents the logarithm of a given discharge downstream of the Baraboo

confluence. By evaluating this equation for several values of u, a

frequency-discharge relationship can be developed.

Assumed levee conditions 2 through 5 (see page B-34 for a discussion of

3
levee conditions) result in significant lateral outflow away from the - 1
Wisconsin River and into storage areas; thus, on the Wisconsin River the ;E””

frequency-discharge relationship just upstream of the Baraboo confluence

will differ significantly from that at Wisconsin Dells. For levee
conditions 2 through 5, the Wisconsin River discharges just upstream of . T

the Baraboo confluence that are no longer log-normally distributed can be
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related to the values at Wisconsin Dells which are still approximately

log-normally distributed.

Frequency-discharge relationships downstream of the Baraboo River
- confluence for assumed existing levee conditions 1 through 5 are given on

plates B-7 through B-9.

Frequency-discharge relationships downstream of the Duck Creek confluence

were developed in a manner similar to that used for the frequency-
) discharge relationships downstream of the Baraboo confluence. Duck
: Creek, however, is not gaged and it was necessary to estimate its
frequency-~discharge relationship for discharges coincident with the
- annual peak discharges on the Wisconsin River. This was done by first
developing a drainage area discnarge relationship considering only annual
peaks from regression on similar gaged watersheds in the region. Least
squares estimates of By and B¢ in the following equation resulted in a
model to predict the discharge of a given return period as a function of

drainage area alone for watersheds in this region.

Where QT = peak discharge (c.f.s.) for a flood of return
period T.

log Bp, By} = least squares coefficients in the logarithmically
transformed linear model.

D.A. = drainage area (square miles)

The average value of By for the different return period models was then . ;

1'2i as an optimum "n exponent"™ in the drainage area comparison formula.

Q =[(p.a1) ] "
Qs (D.A.3)

where Ql’ D.A.y = the smaller discharge and drainage area.

Q5 D.A., = the larger discharge and drainage area

Tt e
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Tne fregquency-discharge relationship for Duck Creek discnarge coincident
witn the Wisconsin River annual peaks was tnen predicted by "drainage
l area comparison" to the Baraboo coincident frequency-discharge
reiationship using tne derived "n exponent”. The correlation coefficient
used between the logarithms of Wisconsin River annual peaks and tne
logaritams of the coincident Duck Creek discharges was reduced from tne
i 0.0 for the Baraboo to 0.4, Based on engineering experience there is a
tendency toward independence as tributary drainage area size decreases.
Frequency-discharge relationships downstream of the Duck Creek confluence
are given on plates B-7 through B-9. These curves show the minor impact

of Duck Creek on Wisconsin River regardless of the flood frequency.

| &

FOX RIVER DISCHARGE-FREQUENCY CURVES

The nearest gaging station downstream of Portage on the Fox River is at
Berlin (drainage area = 1,430 square miles). The log Pearson Type III
distribution with an adopted skew coefficient of -0.30 using the latest
Water Resources Council guidelines for annual peaks at the Berlin gage is

i shown on plate B-10.

The Fox River annual peak discharge-frequency relationships at Portage
Wwere Jeveloped oased on analyses of historical floods and use of Conger's
i regional regression equations (Estimating Magnitude and Frequency of

Floods in Wisconsin, USGS Open File Report, 1971).

From analysis of the Berlin gage, the floods of 1881 and 1973 were found
f to have return periods of Y40 years and 14 years, respectively. Analysis
of other stream gages in the vicinity indicates that the 1973 flood event
nad a similar return period throughout the Fox River watershed. The 1881

flood is tne largest flood of record at the Berlin gage and it appears

; likely that this flood would also have a similar return period throughout
the Fox River basin. At the Berlin gage, only the peak stage was
recorded for the 1881 flood event. However, from extension of the rating ;
table at the Berlin gage by backwater computations, the peak discharge of t*fiﬂ

) approximately 11,000 cfs for the 1881 flood event could be estimated.
Before October 27, 1954, the Berlin gage was located 0.3 mile upstream at
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the same datum; howWever, the stream gradient is very slight and the

rating curve would remain appiroximately the same.

High watermarks were available on the Fox River in Columdia County for
the 1381 and 1973 flood events from which approximate discharges can be

determined using the HEC-2 water surface profile.

As part of this study, the frequency-discharges were updated for tne Fox
River in accordance with the latest Water Resources Council guidelines.
This was done to insure compatible discharges from Lake Winnebago

upstream tnrough a point upstream of the Wisconsin River interbasin flow.

Discharge-frequency relationships for the Columbia County Flood Insurance
Study were determined by modeling several historical storms of known
return period by use of HEC-1 and application of Conger's regional
regression equation. A log-normal distribution was assumed when applying
plotting positions to these historical events. These values from the
Columbia County report were not altered for this analysis since no
) additional information is available which might alter the procedures or

results of the prior study.

Statistical analyses on recorded annual peak discharges (81 years) at the
Berlin gage were made. The results of this frequency analysis using the
station skew of -0.3 with the expected probability adjustments are
displayed in tabular form in the following table and on plate B-12. The

-0.3 skew agrees with the regionalized skew adopted for the area.
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Fox River at Beriin 4-0735, Final Results Frequency Curve

Peak Flows Confidence Limits
Expected cxceedence
Coumputed Probability Probability 0.05 Limit 0.95 Limit
9,280. 9,560. 0.002 11000. 6110.
| 8,490. 8,690. 0.005 9930. 7480.
7,860. 8,010. 0.010 9120. 0980.
7,220. 7,330. 0.020 8280. 6460,
6,540. 6,610. 0.040 T420. 5910.
. 5,580. 5,620. 0.100 6210. 5100.
4,770. 4,790. 0.200 5230. 4400.
3,460. 3,460. 0.500 3730. 3220.
2,440. 2,430. 0.800 2650. 2230.
5 2,010. 1,990. 0.900 2210. 1800.
1,700. 1,680. 0.950 1890. 1500.
1,230. 1,190. 0.990 1410. 1040.
i
; Frequency curve statistics: Mean logarithm 3.5307
Standard deviation 0.1735
I Computed skew -0.3420
Adopted skew -0.3000
;
Statistics based on: Historic events 0 o
High outliers 0 R
Low outliers 0 ﬁ?;a
) Zero or missing 0 -
: Systematic years 81 . _:
A Total period (years) 81 T;f?&
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The adopted discharges for tne 2-, 5-, 10~, 50-, 100-, and 500-year
events excluding the interbasin flow contribution are shown in the
foilowing table for locations throughout the Fox River. Frequency-
discnarge relationships including the interbasin flow contribution for

tne mouth of Neenan Creek and Berlin are given on plates B-11 and B-12.

Fox River Frequency-Discharge Relationships

Drainage Area Q2 QB Q10 WO Qo0 Woo
Location (square miles) (cfs) (efs) (ecfs) (ecfs) (efs) (cfs)
Park Lake 53.8 930 1,120 1,250 1,580 1,700 2,000
Cross Section AF 68 820 990 1,120 1,420 1,550 1,850
Cross Section G 93.4 1,380 1,650 1,850 2,350 2,550 3,000
Montello Dam 369.9 1,870 2,290 2,550 3,250 3,500 4,150
USGS Gage at 1,430 3,800 4,790 5,620 7,330 8,010 9,560

Berlin

FOX RIVER DISCHARGE-FREQUENCY CURVES COINCIDENT
WITH WISCONSIN RIVER INTERBASIN FLOW

The Fox River discharges coincident with the annual peaks on the
Wisconsin River were simulated using the drainage area ratio raised to
the 0.6 power with a 5-day lag time between Berlin and Portage. The 5-
day lag time was determined from the Fox River HEC-2 results in
conjunction with comparison to the flood hydrographs on the Fox and

Wisconsin Rivers. The analysis of the Fox River frequency-discharge

relationship modified for the effect of Wisconsin River overflow was ‘ﬁk}
completed using concepts similar to those used in the bivariate analysis A
of discharge relationships downstream of river confluences. In this o
case, the random variable used in the bivariate distribution was the
Wwisconsin River annual peak discharges and the coincident Fox River :;fﬁ
discharges. The logarithms of both discharges were found to be approxi-

mately normally distributed. Wisconsin River discharges below the dis- -

i
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cnarge of "incipient s3pill" will have no effect on the Fox River
H' discharges. Thus, the discharges downstream of the Neenah Creek
4 confluence Wwili be determined solely by the upstream Fox River discharge
and Neenah Creek discharges when the Wisconsin River levels are below

"incipient spill".

The pivariate normal distribution can be used to determine modified
frequency-discharge relationships on the Fox River by constructing
contours of equal Fox River discharge on two-way probability paper as
shown on plate B-13 and the following table. The exceedence probability
of a given Fox River discharge can be determined by numerically
integrating the volume of the bivariate normal distribution above the

equal discharge coatours.

The discharge-frequency curves shown on plates B-11 and B-12 were
modified to reflect the impacts of levee conditions 2 to 5. These curves
are considered valid at the Neenah Creek location (cross section AF)
because the proximity to Portage reduces the impacts of flow routing.
The discharge-frequency curve at Berlin was not modified to reflect these
levee conditions as detailed Fox River routings of the modified flows

were not performed.

3 BARABOO RIVER DISCHARGE-FREQUENCY CURVE

’ The Baraboo River has drainage areas of 609 square miles at its gaged
ﬁ' location approximately 16.4 miles upstream of its mouth and 629 square
miles at the Interstate 90/94 bridge located in the flat land adjacent to
.- the Wisconsin River, about 7.58 miles upstream of its mouth. The period

of record at Baraboo is 1913-22 and 19U42-76 for a total length of U5

years. Because of the relatively small local contributing area
downstream of the gage, flows were not drainage area adjusted at the

mouth. };Lﬁ
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STAWDARD PROJECT FLOOD HYDROGRAPHS FOR THE WISCONSIN AND BARABOO RIVERS

Drainage areas and discharge records for the Baraboo River at Baraboo and

o

the Wisconsin River at Wisconsin Delis were obtained from water resources

ald 44

f"""'

data. The precipitation data were obtained from hourly precipitation
data. Rain gages and the associated Thiessen polygons developed to show
I rainfall contributions over the tWwo watersheds are located on plates B-14

and B-15. The summary of the rain data used for each event is shown in

the following tables.

RAINFALL EXCESS SUMMARY

Wisconsin River - Total Basin Time - Days T ¢-index  [nitfal Loss
R | 2 3 4 5 6 7 8 Total (in/hr) range (in) -
September 1959 .
Total .99 .32 1.01 4] 0 1.04 1.69 .47 5.52
Excess 0 0 .09 0 0 .12 .76 0 .97 .04 07-1.31
Tune 1969
Total .73 .09 .01 1.05 1.75 .02 .04 .38 4.97
Excess .10 0 0 .10 .70 0 0 0 .90 .04 .63
September 1972 oma——
Total .21 2,57 .17 0 .98 3.93
Excess ] 1.11 0 ] 0 1.11 .06 1.68 s
June 1969
Total .81 .10 .01 1.08 1.90 .03 .07 .57 4.57
Excess .10 .10 .86 1.06 .06 .81
September '772
Total .32 2,67 .25 0 1.19 4.43
Excess 0 1.33 0 0 0 . 1.33 .05 1.66 -
T __ Time - Hours ¢g-index  Initial Loss
Baraboo River 12 24 36 48 Total _(in/hr) range (in)
September 1959
Total .96 .87 1.03 .50 3.36
Excess 0 0 .26 0 .26 .06 1.06 ..
June 1968 (D -
Total 2.30 5.65
Excess .92 .92 .11 1.38 .
September 1972 .
Total 1.54 .57 47 1.12 3.70 S
Excess .62 0 4] .21 .83 .08 .92 2:ﬁf
April 1975 A
Total 1.10 .43 .98 2.5 -
Excess .34 0 .22 .56 .06 .76

Notes: (1) Twelve periods of rainfall are not tabulated as they are insignificant.
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RAINFALL SUMMARY o
Gages Contributing to Wisconsin River Upstream of Wisconsin Dells ,:Jj
. Percent contributing to Total rainfall (inches) for event '-j:.',:'_
Gage Total basin __ Partial basin 1959 1969 1972 n
Baocock 8 " 4.78 6.77 3.15
A Coddington 6 9 3.65 3.79 5.71
: Eau Pleine 7 1 6.40 5.22 5.05
L Reservoir L
Friendship 10 15 4,29 3.87 3.56 s
. Marshfield 5 ) 5.89 4.30 5.50 '
b' Medford 6 9 4.97 3.35 4.20 :
Merrill 13 14 7.24 4.15 4.90 o
Phelps 3 8.63 2.01 2.93 ' -
Portage 1 2 1.65 4,63 1.56 )
Prentice 2 449 2.90 3.20 KN
Rainbow 7 6.52 2.12 3.17 e
Reservoir -
Rice Reservoir 10 3.85 2.67 2.79
Three Lakes 6 6.20 N.0.(1)  2.50 i
Tomah 6 8 5.05 4.80 N.0.(1) o
Wausau 9 12 6.28 4.83 N.0.(1) —
Total basin 5.52 4.97 3.93
Partial basin 5.38 4.57 4.43 .
Gages Contributing to Baraboo River Upstream of Baraboo
Percent Total rainfall (incnes) for event ::f-:;‘_-
Gage contributing 1959 1968 1972 1975 "_.-’.-_"
Hillsboro 76 3.35  5.86 .37 2.64
Tomah 24 3.38 4.97  1.56  2.20 o
Total 3.36 5.65 3.70 2.51 ,
(1) N.O. - Not Operating T
B~28 f:“
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Wisconsin River

Two standard project flood hydrographs were computed for the Wisconsin
River at Wisconsin Dells. The first method used the total watershed
while the second method, using a partial basin, did not consider tne
watersned upstream of Merrill, Wisconsin. Unit hydrographs were
developed in a manner similar to that used for the Baraboo River. The
events selected were: September, October 1959; June, July 1969; and
September, October 1972. Only flood runoff events occurring after June
15 were considered since the reservoirs on the river system are
maintained at a nearly full level, thus minimizing storage effects from
this source. There are many natural lakes above Merrill, in addition to
the tributary storage lakes. These historical flood hydrographs for

Wisconsin Dells and Merrill are shown on plates B-16 through B-18.

Due to the size of the basin, a unit storm duration of 24 hours was
selected. Base flow was separated in a manner similar to that used for
the Baraboo River except for the 1973 event. This event had a
comparatively high initial discharge (8,000 cfs). Therefore, a constant
base flow of 8,000 cfs was used. The volume of runoff and Phi~index were
computed for each event. The method previously used to compute the unit
hydrograph was stable only for the 1972 event. The unit graphs for the
other two events were computed by iteratively combining an assumed unit
graph until the computed runoff hydrograph closely matched the observed
runoff hydrograph. Again, the composite unit hydrograph (plate B-19) was
computed by averaging the peak and time to peak and adjusted to yield the

1 inch of runoff.

The standard project storm was computed using the method for small
drainage basins as shown in EM 1110-2-1U411 because data for large basins
are not presently available. The standard project flood index rain is
10.4 inches. The drainage area up to Merrill was delineated on a
1:500,000 scale topographic map and overlayed with the isohyetal pattern
map on plate 12 of EM 1110-2-1411. The 80-percent contour was extended

B-29
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and the 70-percent contour was added visually. The remaining 2,760
square mile drainage area was assumed to oe divided equally between the
60-percent and 50-percent contours. The derived areal reduction factor
applied to the index rain is 0.68.

The initial loss and Phi-index were determined as noted previously. The
Phi-index used was 0.06 inch per hour, and the initial loss was 0.5 inch.

The standard project storm excess rainfall was combined with the unit
grapn to obtain the standard project flood runoff hydrograph. A base of
6,700 cfs, the average flow for the period of record, was added to obtain
the total standard project flood hydrograph, shown on plate B-20. The
standard project fiood peak is 178,000 cfs.

The standard project flood for the portion of the Wisconsin River
downstream of Merrill was also computed. The Wisconsin River watershed
is heavily regulated upstream of Merrill. The applicability of the basin

upstream of Merrill to unit hydrograph theory is, at best, questionable.

Two events were selected for this unit hydrograpn: June, July 1969 and
September, October 1970. The 1959 event was not used because the
rainfall on the lower portion of the watershed was considerably lower

than the basin average.

The hydrographs at Merrill were lagged 2 days and plotted with the hydro-
graphs at Wisconsin Dells as shown on plates B-17 and B-18 to determine
the flow entering the stream downstream from Merrill. The same base flow
used for the total basin was used in this analysis. The volume of runoff
and Pni-index were computed for each event. Again, the 24-hour unit
hydrographs were computed directly for the 1972 event and iteratively for
the 1969 event. A composite unit hydrograph was computed as described

previously. This is shown on plate B-21.
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The standard project storm was computed using the method previously
described. The standard project storm index rain is 10.4 inches; the
0 areal reduction factor is 0.78. The same initial loss and Phi-index were
-t used. A base flow of 6,700 cfs was added to the standard project storm
- hyetograph to get the total standard project flood hydrograph, shown on
*l plate B-22. The standard project flood peak is 145,000 cfs. It is
- recommended that this standard project flood be used rather than the one
: for the total basin for the following reasons: (1) the degree of regula-

tion upstream of Merrill (natural and man-made) and (2) watershed sizes

are not readily applicable to unit hydrograph theory. Unit hydrograph
theory would be less applicable to 8,090 square miles than to 5,330
square miles. The difference in water surface elevation in the Portage
area between 145,000 and 178,000 cfs is expected to be small, for

existing conditions, because significant levee overtopping occurs.

The above analysis was not based on the U.S. Geological Survey streamflow
model since that model was developed primarily for use in analyzing
historical records to develop regulated and unregulated discharge-
frequency curves. For that model, the loss rates and routing criteria
are specific to the historical record. The model does not feature the
generalized coefficients and loss rates necessary in a standard project

flood determination.

Baraboo River

Four events were selected from the gage records (September, October 1959;
June, July 1968; September, October 1972; and April, May 1975) for devel-
oping a unit aydrograph to compute a standard project flood for the

Baraboo River at Baraboo. No snowmelt related events were considered as

standard project flood computations do not consider snowmelt. Rainfail

for each event studied on the Wisconsin and Baraboo Rivers was tabulated

using gaging stations shown in the table on page B-27. The historical -
flood hydrographs are plotted on plates B-23 through B-26. A




For unit hydrograph computation, base flow was assumed to equal the
discharge at the start of the hydrograph. It was then decreased somewhat
until the hydrograph peaked based on a review of historical data. Then a
rising limb was assumed such that the time from hydrograph peak to the
end of surface runoff would be U to 5 days. The volume of surface runoff
under the hydrograph was then computed. A uniform ioss rate (Phi-index)
was estimated for each event to yield the proper volume of rainfall

excess, Unit hydrographs were determined for each historic event.

No synthetic parameters such as Clarks's Tc and R or Snyder's Ct and CP
were used. A 6-hour unit storm duration yielded unstable results for two
events; therefore, a unit storm duration of 12 hours was used. A
composite unit hydrograph was determined by an arithmetic average of the
peak discharges, times to peak, and base times for the four computed unit
hydrographs. This method locates the unit hydrograph peak and gives a
time base. The unit graph is then sketched between arithmetic points to
yield a 1-inch volume. This procedure is recommended over an arithmetic
average of all ordinates as it gives a higher peak. Plate B-27 shows the
four individual unit graphs and the composite obtained by averaging all
ordinates. The recommended composite unit hydrograph is shown on plate
B-28.

The standard project storm hyetograph with an index rainfall of 10.4
inches was computed according to procedures outlined in EM 1110-2-1411,
The drainage area was delineated on a 1:500,000 scale topographic map and
overliayed with the isohyetal pattern on plate 12 of EM 1110-2-1411 to
determine the areal reduction factor to be applied to the index rainfalil.

The areal factor was determined to be 1.06.

The initial loss and Phi-index to be applied to the standard project
storm were determined by analyzing the historical events used to develop
the unit hydrograph. Based on data shown in the table on page B-3, a
Phi-index of 0.06 inch per hour and initial loss of 0.5 inch were

selected. The standard project storm rainfall excess hyetograph was
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‘ convoluted with the unit hydrograph to obtain the standard project flood
. & runoff hydrograph. A base flow of 370 cfs, the average flow for the
period of record, was added to obtain the total standard project fiood
= hydrograph for the Baraboo River at Baraboo as shown on plate B-29. The

standard project flood hydrograph peak discharge is 23,000 cfs.

Fox River above Ward 1

An analysis to determine the standard project flood peak discharge for

the runoff from the Fox River above Ward 1, without consideration of

| R

Wisconsin River overfiows, was completed without using EM 1110-2-1411.
The storage available at Park Lake Dam and Fox River Swamp have effected
a significant attenuation of fiood flows. This has resulted in a dis-
Q. charge-frequency curve of a relatively flat slope. Therefore, even
though the standard project flood peak discharge is not significantly
larger in magnitude than the 0.2-percent exceedence frequency (500~year
flood) it is conservatively high in terms of frequency. In this case,
ii the standard project flood peak discharge is conservatively estimated to
be 2,500 c¢fs which is a 0.01 percent exceedence frequency event. Since
the corresponding elevation for this discharge (elevation 784.2, from
plate C-86) is equivalent to the zero damage elevation in Ward 1, a more

II detailed evaluation was not deemed warranted because it would most

certainly result in a lower discharge value. Appendix C discusses the
effect at Ward 1 from Wisconsin River overflows having a higher resultant
maximum elevation than Fox River runoff aione.
- IMPACT OF ALTERNATIVES ON DISCHARGE AND ELEVATION FREQUENCY
GENERAL ::{3
Discharge-frequency curves and elevation-frequency information (see The

Seiected Plan Section of the Hydraulics appendix which identifies the ;;id

corresponding stage data for selected frequencies) were developed to show
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the impact of structural aiternatives at selected locations on the
Wisconsin River main stem. The structural alternatives analyzed for this

report are:
a. Raise and widen the Portage levee.

b. Raise and widen the Portage levee plus build a new Lewiston levee

to prevent overflow to the Fox River.

The impact of these alternatives was analyzed at two locations on the
Wisconsin River, at cross section AD (just downstream of the Portage
ievee) and below the mouth of the Baraboo River.

DISCUSSION OF ALTERNATIVES

The two structural alternatives under consideration coupled with the
existence of the Portage, Lewiston, and Caledonia levees has raised
several possible levee failure modes to be analyzed. At cross section
! AD, as well as below the mouth of the Baraboo River on the Wisconsin
River, discharge-frequency curves were drawn to reflect engineering
judgment to make maximum use of existing data and computer models., “he
results are plotted on plates B-30 through B-33 to represent a reasonable

' estimate of the impact of each alternative on the discharge-frequency

curve at the two main stem locations. The failure modes are summarized
in the upper left corner of plates B-30 through B-33 for each alternative

at each 1iocation. The foliowing levee conditions have been analyzed in

Y .

i detail using HEC-1 routings and HEC-2 water surface profile computer
' programs.

0
POV TR

v

1. All flow is confined within the levees (levees hold).

2. The levees are overtopped but do not breach or fail.

V.
WOt e .
atealalin S A ka

3. No levees (total levee failure).
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4, Complete failure of the Caledonia and Lewiston levees with the

Portage levee holding.

5. Complete failure of the Portage levee with tne Caledonia and
Lewiston levees holding.

Minor modifications of the existing computer runs were used to develop a
reasonable representation of each failure mode in relation to the
existing condition. Because of the compiexity of the study area, a brief
description of the technique used to modify the discharge-frequency
curves is presented beiow. Derivation of discharge-frequency curves
below the mouth of the Baraboo River for each alternative involves
consideration of the coincidental discharges from the Baraboo River being

added to the Wisconsin River peak discharge at Section AD.

This addition of flow depends on the levee condition. For levee
conditions 3 and 4, the Wisconsin River floodway encompasses the Baraboo
River up to the Interstate 90 - State Trunk Highway 33 interchange. This
is located between cross sections AS and AT, where coincidental Baraboo
River flows are combined with Wisconsin River flows for these levee
conditions. Therefore, discharge-frequency curves at section AD did not
have to be modified below the mouth of the Baraboo River if the analysis
used a modified version of levee condition 3 or 4, For levee conditions
1, 2 and 5, or modifications thereof, this coincidental Baraboo River

flow was considered and the section AD curves were so modified.

To make plates B-30 through B-33 more understandable, a brief description
of analysis techniques and assumptions made based upon a review of
existing profiles is presented below. A more detailed description of the
profiles can be found in Appendix C, Selected Plan Section. Due to the
large number of curves presented for each alternative, the following

table shows the plotted discharges for clarification.
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a. Discharge-Frequency Curves for Wisconsin River at Section AD

{1) Aiternative A - Raise and Wiaen tne Portage Levee

(a) Faiiure of the Caiedonia levee with Lewiston ievee
hoiding - Anaiyzed as a modification of levee condition 3. As part of the
levee condition 3 analysis, several HeC-2 runs were made, including
10,000 cfs increments up to 100,000 cfs, the 1-percent, and the standard
project fiood. On the Lewiston side, U.S. Highway 16 or the railroad
embankment was used as a fioodway limit instead of the existing levees.
This was considered acceptable since the increase in conveyance would not
significantiy affect the 1-percent, 0.2-percent, and standard project
fiood water surface profiles. Faiiure of the Caliedonia levee would
resuit in a revised flow area bounded by the Interstate 94 embankment.

An effect of storage is shown at the 0.2-percent peak.

(b) Failure of the Lewiston and Caledonia levees -
Equivalent to levee condition 4, as the effects at the Portage levee

would be minimai.
(c) Overtopping of the Lewiston and Caledonia ievees -
Equivalent to levee condition 2, as the effects at the Portage levee

wouid be minimal.

(d) Failure of the Lewiston lievee, Caledonia levee hoids -

Anaiyzed as a modification of levee condition 2.

(2) Alternative B - Raise and Widen the Portage Levee pius a

New Lewiston Levee to Prevent Fox River Overflows

(a) Faiiure of the Caledonia levee - Analyzed as a

modification of ievee condition 3, as in (1)(a) above.
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modification of levee condition 2.

into the Caledonia reservoir are

{(b) Overtopping of tne Caledonia levee - Analyzed as a

The water surface profiles and fliow

controiied by the heignt of tne

. Caledonia levees.

Peak discharves at sectien AP at scele cod cmccedence treguen iy

Peak discharge (cfs)

20 Event 1% Event _ 0.2% Lv.r

1N Event N“}}?.E.v‘vnt

section AD with no ifmpact analysis 55,000 67,000 78,500 86,000 112,500

'y

1. Alternative A:

a. Failure of the Caledonia levee with
Lewiston levee holding

b. Failure of Lewiston and Caledonia levees

c. Overtop Lewiston and Caledonia levees

d. Lewiston levee fails, Caledonia holds

36, 000
83,000
76,000
73,000

105,000
95,000
80, 000
76,000

76,000
71,000
69,000

65,000
64,000
-+ Alternative B:

71,500

65,000

86,000
77,000

105,000

a, Caledonia levee falls
86,000

b. tCalcdonia overtopped, but no failure

b. Discharge-Frequency Curves for the Wisconsin River below the Mouth

» of the Baraboo River. - Tabulated discharges for each alternative are

= presented in the following table.

Alternative A - Raise and Widen the Portage Levee

)]

(a) Failure of the Caledonia levee with the Lewiston levee
holding - No Baraboo River coincidental flows were added as this is a
modification of levee condition 3.

Caiedonia levees No

(b) Failure of the Lewiston and

Baraboo River coincidental flows were added as this is equivalent to

for succeeding alter-
to

levee condition 4. It is noted here, but is true

natives, that the modifications due to alternatives do not "blend in"
7 tne unmodified curve at section AD and below the Baraboo River at exactly
the same point because the unmodified curves are of slightly different R

magnitude at each location.
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(c) Overtopping of the Lewiston and Caledonia levees -~
Baraboo River coincidental flows were added as this is equivalent to

levee condition 2.

(d) Failure of the Lewiston levee, Caledonia levee holds -
Baraboo River coincidental flows were added, as this was analyzed as a

modification of levee condition 2.

(2) Alternative B - Raise and Widen the Portage Levee plus a New

Lewiston Levee to Prevent Fox River Overflows

(a)Failure of the Caledonia levee - Baraboo River
coincidental flows were not added, as this was analyzed as a modification

of levee condition 3.

(b) Overtopping of the Caledonia levee - Baraboo River
coincidental flows were added, as this was analyzed as a modification of

ievee condition 2.

Peak Discharges for Wisconsin River Below Mouth of Baraboo River At Selected Exceedence Frequencies

Peak discharge (cfs)
LEVEE CONDITION 102 Event 4% Event 2% Event 1% Event 0.27 Event

Wiscons{n River below Baraboo River with no
impact analvsls 55, 500 69,000 79,000 89,000 114,000

b. Alternative A:

a. Fallure of the Caledonia levee with .

Lewiston levee holding - - - - 105,000
b. Fatlure of Lewiston and Caledonia levees - 67,000 76,000 83,000 95,000 : b
¢. Overtop Lewiston and Caledonia levees - 67,000 74,000 80,000 88,000 L
d. Lewiston levee fails, Caledonia holds - 67,000 73,000 78,000 84,000

Alternative B:

4, Caledomia levee faills - 68,000 77,000 86,000 105,000
V.. Caledonlia overtopped, but no fallure - 68,000 76,000 82,000 95,000
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HYDRAULIC APPENDIX
GENERAL
The study area lies in the Wisconsin River floodplain and extends

from the Columbia-Sauk County line (river mile 122) near Lewiston down-

stream through Portage to the Interstate 90-94 bridge (river mile 106).
Because of backwater and overflow effects of the Wisconsin River, how-
ever, portions of the tributaries of Duck Creek and the Baraboo River
i and part of the Upper Fox River basin were also included in the study.

Portage is the major community within the study area. Levees exist

within the Lewiston, Caledonia and Portage areas but are not built to

Corps of Engineers' standards. There are many ways for the existing
levees to fail, and for each of the possible modes of levee failure,
the following was determined:

1. The effects of interbasin flow from the Wisconsin River
to the Fox River.

2. Delineation of the Wisconsin River and the Baraboo River
floodplain.

REFERENCES

1. U.S. Army Corps of Engineers, SPILL, "Spatially Varied Flow-Analysis," {Qfﬂ:
Users Manual, USED, St. Paul District, July 1980 (Draft). fff:l

2. Chow, Ven Te, "Open Channel Hydraulics,' McGraw-Hill Book Company, 1959. {if::

3. King and Brater, '"Handbook of Hydraulics,'" McGraw-Hill Book Company,
Fifth Edition, 1963,

4. Kindsvater, Carl E., ""Discharge Characteristics of Embankment-Shaped o
Weirs," USGS Water Supply Paper 1616A, 1964, !v;j
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Manual, The Hydrologic Engineering Center, August 1979.
6. EM 1110-2-1601, Hydraulic Design of Flood Control Channels.

e 7. EB 54-15, Improvements in Design and Construction in Civil Works.
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EXISTING CONDITIONS

GENERAL

As stated above, the effects of the many possible modes of levee failure

3
et

were analyzed. The assumed existing levee conditions will be identified by
number throughout this report as follows:

1. All flow confined within the levees (levees hold).

"y
s

| o
.

2. The levees are overtopped but do not breach or fail.
3. No levees (total levee failure).

4. Complete failure of the Caledonia and Lewiston levees with Portage
holding.

5. Complete failure of the Portage levees with Caledonia and Lewiston ‘:n
holding. :

6. Portage levee holds. Lewiston levee holds. Caledonia levees fail
completely.

7. Portage levee holds. Caledonia levee holds. Lewiston levees fail ) e
completely. Lo

8. Portage levees fail completely. Caledonia levees fail completely.
Lewiston levee holds.

9. Portage levees fail completely. Lewiston levees fail completely.
Caledonia levee holds.

A detailed analysis of the Wisconsin River floodplain from the Prairie
du Sac Dam to Wisconsin Dells for levee condition 1 through 5 was completed
for this study and pertinent results of that detailed study are summarized

herein (see Plate C-1).

The plates referred to in this paragraph were developed for the detailed
analysis of levee conditions 1 through 5. Plates C-2 and C-3 are the index
sheets for locations of plates showing floodplain delineation. Plates C-4,
C-5 and C-6 show in schematic form the overflow locations for assumed levee
conditions 1, 2 and 3. Floodplain mapping and profiles are shown for assumed
existing levee conditions 1) - 3) on Plates C-7 - C-29 and C-30 - C-36,
respectively. Plates C-37 and C-38 show in schematic form the overflow
locations for breach coaditions 4 and 5. Floodplain mapping and profiles
are shown for assumed existing levee conditions 4 and 5 on Plates C-39 - C-61

and C-62 - C-68, respectively.
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Previous studies of the Wisconsin River floodplain have not considered
the two-dimensional nature of the flood flows. This study attempts to
account for the lateral gradient in flow rather than assuming that the
channel water surface elevation extends horizontally in the lateral
direction from the stream until the water surface elevation intersects high
ground. Accounting for this lateral gradient in flow can result in reduced
discharges and thus stages on the Wisconsin River. Similarly the storage
areas are analyzed as independent system:, thereby, reduction in flood

elevations (routing) and outflow to the Fox or Baraboo Rivers are considered.

Levee conditions 6, 7, 8 and 9 were not sutdied in detail. Both in the
interest of time and computer expense, engingeering judgment was used to
modify computer runs and backup data developed in the detailed study of
levee conditionsl through 5 to determine a reasonable representation of
these four modes of levee failure. See Hydraulic Analysis Techniques
section for discussion of method of analysis, profiles, etc. for these

modes of levee failure.

HYDRAULIC ANALYSIS TECHNIQUES

Baraboo River

Valley and bridge cross section data, obtained from field surveys,

was used to develop a hydraulic model of the Baraboo River. Locations of

cross sections used in the hydraulic analysis are shown on Plates C-16,
C-17, C-18 and C-26. The available mapping for the area is from USGS

quadrangles., 5y
Roughness factors (Manning's '"n" values) for these computations were f}i
assigned on the basis of field inspection of the floodplain areas. Eﬂ}j

Floodway boundaries were based on the topography of the area and
on the constrictions imposed by flow through the bridges.
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From the Baraboo River mouth upstream approximately 4.5 miles, the
water surface profile is controlled by the starting stage on the Wisconsin
River. The profile for a given frequency is computed using the Wisconsin
River stage at the mouth of the Baraboo for the coincident discharge of
the same frequency occurring on the Baraboo River. Upstream of the point
where the Wisconsin River backwater controls, the Baraboo River profile
was computed using the Baraboo River frequency-discharge relationships.

In this second reach, the water surface elevation used at the mouth of
E} the Baraboo River has little effect on the water surface profile obtained.
*’ The above discussed simplified procedure was used in lieu of a bivariate

| analysis of stage in the lower reaches of the Baraboo River due to the
dominant effect of the Wisconsin River on stage in the lower reaches of

the Baraboo.

For assumed levee conditions 3 and 4 on the Wisconsin River, the
Baraboo River water surface profile from the mouth to Highway I-90-94
is totally determined by the Wisconsin River profile. For these conditions
the Wisconsin River floodway extends beyond the Baraboo River. Upstream
- of Highway I190-94 the Wisconsin River floodway does not encroach upon thé
.f Baraboo River due to the highway embankments. Upstream of I1-90-94 the
~ Barabroo River profile was computed using the Baraboo River frequency-

discharge relationship.

Neenah Creek

Neenah Creek is a tributary to the Fox River. The cross sections used

to model this tributary extend from its mouth upstream to its confluence S

with Big Slough. The cross section data continues up the Big Slough tributary

. a distance of approximately 12,900 feet from the Neenah Creek confluence. ‘f;id
: The locations of the cross sections used in the hydraulic analysis are shown ;fﬂg

on Plates C-10, C-11 and C-12. The cross sections were field surveyed in -
: 1979 by Owen Ayres and Associates, Inc. Mapping for the area is limited ‘:‘.3
i to USGS quadrangles. :*::i
X 1
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Roughness factors (Manning's "n" values) for this model were assigned on

the basis of field inspecting the floodplain areas. In almost all cases, the

LY
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roughness coefficients for the outer overbanks will be less than that in the

D 'y

immediate overbanks. The area is largely wetland, with heavy vegetation only

4

on thc immediate banks. Composite typical roughness values for the overbanks

have been used in most cases.

Starting water surface elevations for Necenah Creek's various frequency

’

A
'.
L

floodway computations were developed using the slope area method since the
Fox River water surface profile corresponding frequency was not used. It was
not possible to assign the Fox River basin exceedance frequencies to Neenah
Creek discharges since the source of these discharges is considered to be
Wisconsin River overflow. However, for floodplain delineation for the area

the higher water surface of Fox River or Neenah Creek was used.

Because the Wisconsin River is considered to be the major source of dis-
charges through Neenah Creek and Big Slough for extreme flood events, a con-
stant discharge was used throughout the entire reach studied for existing con-
dition floodway computations. The discharges were not changed at the confluence
of Neenah Creek and Big Slough. Floodway boundaries defining the effective flow
widths were based on the topography of the area and on the constrictions imposed

by flow through bridges.

Wisconsin River

Hydraulic analysis of the Wisconsin River was carried out, for the feasibility

study, in three reaches as follows:

1. Prairie du Sac Dam to the Interstate 90-94 bridge.
2. Interstate 90-94 bridge to the Sauk-Columbia County line.

3. Sauk-Columbia County line to Wisconsin Dells.

The HEC-2 input data for Reach 1 were based on field surveys by the St. Paul
District, Corps of Engineers. The HEC-2 input data for Reach 2 were obtained
from the Wisconsin Department of Natural Resources. Sections Al and AM were
surveyed by Owen Ayres and Associates, Inc. and added to the sccond reach.

The HEC-2 input data for the third reach were obtained from the Wisconsin De-

. partment of Natural Resources.

C-5
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Historic data were used to calibrate the HEC-2 model for Levee Condition 1

at the Portage gage. Levee Condition 1 (all flows confined within the levee)

is the condition applicable for calibration of the HEC-2 model to the observed
elevation discharge data as most or all of the flow was contained by the
Lewiston, Caledonia and Portage levees for the historic floods of record since

construction of the levees. Plate 102 shows the elevation discharge rating

T BT T e

curve at the Portage gage for Levee Condition 1 as well as observed elevation

discharge data.

= SPATIALLY-VARIED-FLOW HYDRAULICS

- In order to properly analyze Wisconsin River flood characteristics, spatially-
f varied-flow (SVF) techniques were used. A spatially varied flow analysis was

- required because of the interbasin flow that can occur from the Wisconsin to the
L Fox and Baraboo Rivers. Discharges over the levees and embankments along the

. Wisconsin River were calculated using the "SPILL" program (reference 1) developed

by the St. Paul District Corps of Engineers. The "SPILL" model performs standard

step backwater computations while simultanecusly calculating lateral outflow

T LI R ]

over levees. Using the "SPILL' model, the SVF analyses required to compute the
effects of floods on the Wisconsin River were performed. Water surface pro-
file computations accomplished by the computer program "SPILL' are based on

equation 12-40 as presented in reference 2. The equation was developed for

B IR

spatially varied flow with decreasing discharge. For application in the SPILL
computer program, the equation was modified to include the effect of expansion
- and contraction losses. The modified form of the equation as used in the SPILL

computer program is as follows:

R TP

. ocQ, (V.,+V, ) BV

: oy - =00 1AL g,

g where:

Ay' = the difference in water surface elevations between the upstream

:i and downstream sections

:i Q) = the channel discharge at section 1

D Q2 = the channel discharge at section 2

E C-6
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V1 = the channel velocity at sectiou 1

V2 = the channel velocity at section 2
oK = the kinetic energy correction factor
g = acceleration of gravity

Av = v, -V,

AQ = (QZ - Ql) =AQleft +AQ

right = the lateral outflow

he = total energy headloss

The prediction of lateral outflow or the AQ term in the equation is
based on the assumption that the levee or embankment controlling the lateral
outflow can be treated as a weir, Weir flow computations performed by the
SPILL computer program are based on equation 5-10 in reference 3. The
equ :iion follows:

cLr/?

o
"

where:

Q = lateral discharge (cfs)

C = weir discharge coefficient (adjusted to include effect of
velocity of approaching the effect of non-normal flow over
levees; the shallow depth of flow, if applicable; the shape
of the levees; the top width of the levees; the roughness of
the levees; and the effect of submergence, if applicable)

= weir length (feet)
H = depth of flow above the weir

For application in the SPILL computer program, the above equation was

modified as presented below:

P
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AQ, = CA, |— & 2
R R'R : L, !
LR
AQ=4QL+AQR
where:

Z\QL = lateral outflow to the left
ZS(QR = lateral outflow to the right

A Q = total lateral outflow from the reach
CLf CR = discharge coefficients for the left and right weirs

AL? A, = flow areas above the top of the left and right levees
between sections 1 and 2
L[, Lo = total horizontal lengths of water surface above the

inundated left and right levees between section 1 and 2

Total energy head loss in a reach is computed by:

- ocV 2 oC\V 2
h =1S. +cC 22 171
e f k 2¢g 2¢g
where:
§f = representative friction slope for the reach
L = discharge weighted reach length
Ck = expansion or contraction loss coefficient

XLOBL*QLOB + XLCH*QCH + XLOBR*QROB
Q

XLOBL, XLCH, XLOBR = Reach lenghts specified for flow in the
left overbank, channel, and right over-
bank, respectively

QLOB, QCH, QROB = arithmetic average of flows at the ends of
the reach for the left overbank, channel
and right overbank, respectively

Q = arithmetic average of total flow at the ends of the reach

C-8
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The determination of total conveyance in a cross section is
different from that of HEC-2, that is, there is a difference in the

method of subdivision in the computation of overbank conveyance.

The total conveyance in a cross section may be determined by:

k= klob * kch * krob

Conveyance for channel area:
N
kch - S: ki
i+l

where: N = number of horizontal roughness factor variations in

the channel area

Conveyance for overbank area:

NL
Kiob = 2 kg
i=1

N

Koy = 2u K

i=]

where: NL, NR = (a) '"SPILL" method
number of horizontal roughness factor
variations in the left and right overbank
area, respectively.

(b) "HEC-2" method
number of "GR" station intervals in the
left and right overbank area, respectively.

Conveyance for each subdivided area:

K = 1.486 2/3
i n, a.r,
i ii
where: n, = roughness factor for ith subsection
a; = flow area for ith subsection
r. = hydraulic radius for ith subsection

o .t e
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Kinetic energy correction factor o€ is computed as follows:
Method 1 (HEC-2 method):

_ QLOB* (VLOB)® + QCH*(VCH) + QROB* (VROB)
v’

2

l where: QLOB, QCH, QROB = discharges in the left overbank, channel

and the right overbank, respectively.

VLOB, VCH, VROB = flow velocities for the left overbank,

channel, and the right overbank, respectively.

-

' Friction loss computation is the same as that of HEC-2. All four
equations for the representative friction slope in a reach, described

. in HEC-2 manual, and one additional equation are available in SPILL

[} program. The average conveyance equation used for this study is pre-

sented below:

- Se st
:: The program SPILL was used to determine the relationships among stage
l and discharge in the main channel and spill discharge to the left and/or
right overbanks at various locations along the main channel.
. CALIBRATION OF THE SPILL MODEL
f Prior to using the "SPILL" program to model the floods on the Wisconsin
- River, it was tested and calibrated. First, an analysis of the weir
?I coefficient used in ''SPILL" was done. This analysis was done to determine
} a proper value of the weir coefficient and the sensitivity of the selection.
;' Then the "SPILL' model was calibrated by modifying its input parameters so
: that the water surface profiles from "SPILL" assuming no levee overflow,
.f and HEC-2 were in close agreement. ;;F:
> ]
= _—
o c40 :
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A literature search was conducted to determine the effects on the
weir coefficient of the following flow conditions: 1) the non-normal
flow over the levees; 2) the shallow depth of flow over the levees;

3) the shape of the levees; 4) the top width of the levees; 5) the
roughness of the levees; 6) the "SPILL" program considered the unsteady
flow field as a steady-state pool; and 7) the effect of possible sub-
mergence of the levees on the amount of overflow. A modification
factor K was introduced to quantify the effects of non-normality and

roughness. Calculation of K showed that a reduction in the weir co-

efficients from those listed by King (reference 3) was warranted. A
value of 2.4 was used for KC for weirs under free-flow conditions. This
value reflected considerations given to the effects of the above on the

; overflow.

t‘ In addition to the above, a portion of the Wisconsin River near
Portage was modeled with the "SPILL" program using values of the product
KC of 2.4, 2.0 and 1.7, to determine the effect of the weir coefficient

KC on spill flow. This analysis showed, for a discharge of 50,000 cfs
upstream of the spill area, that by changing the modified weir coefficient
from 2.4 to 2.0 decreases the spill flow from 15,410 cfs to 12,440 cfs

or 20%. Using KC = 1.7, the spill flow is reduced to 10,370 cfs, or a

33% reduction. A discharge of 50,000 (which has a 5-year return period)
was selected for illustrative purposes because it made judging the reason-

ableness of the spill flows easier. Determining the reasonableness of

the results from less frequent events would be more difficult.

The "SPILL" model was then compared to the results from an HEC-2

backwater model using the discharges from "SPILL." The HEC-2 profile was

considered the standard because of its ability to consider variable 'n" ‘
values across a section and head losses at bridges, thus the "SPILL' model -

parameters were changed to achieve similarity with the HEC-2 profile. BRRNS

c-11




Four input parameters to the "SPILL" model were considered when
fitting the '"SPILL" results to the HEC-2 results. The four parameters
were: 1) Manning's '"n'"; 2) the expansion coefficient; 3) the contraction
coefficient; and 4) bridge losses. The expansion and contraction co-
efficients used were 0.3 and 0.1, respectively, as recommended in the
HEC-2 user's manual. These values remained constant for all the simulations.

Manning's ''n' was the only parameter varied, and the results compared.

_ Bridge losses were input to '"SPILL'" by using X5 cards and the discharge
*: versus head loss curves developed from HEC-2 runs as shown on Plate C-69.

= Based on these comparisons the following parameters were used: Manning's
‘ "n" = 0,042 Section AD to AV; Manning's ''n'" = 0.030 Section AV to BK;
Expansion coefficient (CEHV) = 0.3; Contraction coefficient (CCHV) = 0.1;
Bridge losses: (for Q = 85,000 cfs) through S.T.H. 33 - 1.1 feet and
through S.T.H. 78 - 0.5 foot.

For the spatially-varied-flow analyses of the assumed levee conditions,
different levee geometries were used in the "SPILL' model. For the con-
dition where levees are overtopped but do not breach or fail (condition 2), the

centerline elevations of the existing levees were used.

For reaches where there are no levees or gaps in existing levees,
roads or high ground were used as the overflow embankments. Where two
roads parallel the river in locations where there are no levees, the

highest road elevations were assumed to control. Due to their elevation,

railroad tracks could act as the embankment in some locations. However,

due to the porosity of the railroad ballast, and its susceptibility to
erosion, it was decided that the railroad berm would not be an effective
embankment. Plates C-70, C-71, C-72 and C-73 show the levee configurations T

PV

used for assumed levee condition 2, 3, 4 and 5, respectively.
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WISCONSIN RIVER FLOOD ROUTING

Using results from SPILL model runs, curves of APPRCHQ vs. SPILLQ
for each reach were developed for three cases; KC = 2.7; KC = 2.4; and
KC = 2.0. A typical one of these graphs is shown on Plate C-74. A

computer program was written that uses these curves to route an input
hydrograph downstream. The program takes the discharge at the first L4
time interval at the upstream section, uses it as an approach discharge,
and determines the spill flow by interpolating the APPRCHQ vs. SPILLQ

curve for the reach. The approach discharge to the next downstream

section is the approach discharge at the current section minus the R

RN [
[V i et et

&: spill discharge for the reach. Then the program uses the discharge at
- the next time on the hydrograph as an approach discharge to the upstream
% section and performs another interpolation. In this way the program

hi proceeds through time and down the river routing the input hydrograph.

ROUTING LEVEE OVERFLOW OR LEVEE FAILURE FLOWS
Table C-1 indicates the locations of levee overflow or levee failure

flow for levee conditions one through five.

TABLE C-1
LOCATION OF OVERFLOW OR LEVEE FAILURE FLOWS

Caledonia -
Overflow Lewiston Portage T
Area Levee Levees R
2y
1. All flow confined within - - - e
levees R
2. Levees overtopped but do not 100 yr. 100 yr. 100 yr. - ‘f
fail SPF SPF SPF :
3. No levees , ) 100 yr. 100 yr. 100 yr. AN
SPF SPF SPF S
4. Complete failure of the i'”;
Caledonia and Lewiston levees 100 yr. 100 yr. = o
with Portage holding SPF SPF SPF
5. Complete failure of the
Portage levee with Caledonia 100 yr. 100 yr. 100 yr.
and Lewiston holding SPF SPF SPF
C~13
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For levee conditions 2, 3, 4 and 5, Wisconsin River overflows were e e

oy T

routed using the modified Puls method through pseudo-reservoirs in R

Lewiston, Caledonia and Pacific townships. For conditions 2 and §

.
[RIACAEN __l,

routing in the Lewiston area was done through two reservoirs in series,

with their division at Wisconsin Highway 16. Routing through two reservoirs i

At
P

gave a better representation of the actual flow through the area than

routing through only one. i

- The first Lewiston reservoir is bounded by Columbia County Highway O —
: in the south, S.T.H. 16 in the north and high ground in sections 34 and

31 in the east and west respectively. The second Lewiston reservoir is

bound by S.T.H. 16 in the south, a constricted flow section on Big Slough
in the north, Klapstein Road in the west and high ground in sections 24 »;;
o and 25 in the east. Elevation-storage relationships for these reservoirs
. are shown on Plate C-75. ﬁt%

In Caledonia township, the reservoir is bounded by Wisconsin River el
levees in the north, Wisconsin 33 in the south, S.T.H. 78 in the east and

S
e
N

high ground in the west. The elevation-storage relationship for this

reservoir is shown on Plate C-76.

In Pacific township the Fox River Swamp reservoir is bounded by a

;: constriction of the Fox River caused by S.T.H. 33 on the north and high
ground separating Duck Creek from the Fox on the south. The eastern

boundary has high ground near Pardeeville and on the west the reservoir Lf"

is bounded by U.S. 51. The elevation-storage relationship for this e

- reservoir is shown on Plate C-77.

A rating curve for flow over S.T.H. 16 was used as the elevation- i
discharge relationship for the first Lewiston reservoir. A rating curve

jl for discharge through a constricted section of Big Slough in section 9

- of Lewiston township was used as the elevation-discharge relationship for

the second Lewiston reservoir. These relationships are shown on Plate C-78. i




A rating curve was developed for road overflow on S.T.H. 33 and was
used as the elevation-discharge relationship for the first Caledonia

reservoir. Plate C-79 shows this relationship.

A rating curve for discharge through the S.T.H. 33 bridge over the
Fox was developed using the HEC-2 model for the Fox. This rating curve
was used as the elevation-discharge relationship for the Fox River Swamp

reservoir and is shown on Plate C-80,

For levee conditions 3 and 5 a special procedure to compute Wisconsin
River discharge and inflow to and outflow from Fox River Swamp reservoir
simultaneously was developed. The special procedure was necessary because
of submergence of the weir between the Wisconsin River and Fox River
Swamp reservoir, and the likelihood of backflow from the reservoir to the

Wisconsin River when the Wisconsin River recedes.

First, rating curves at section AG of the Wisconsin River were developed
for different values of KC. Plate C-81 shows the rating curves for various
KC values starting to diverge at 60,000 cfs. This indicates that, up to
60,000 cfs, stage is solely a function of river discharge, and that above
60,000 cfs, stage is a function of both river discharge and levee overflow.
Since spillage for condition 5 begins at approximately 20,000 cfs, it was
assumed that Wisconsin River stage at section AG is independent of KC for
all frequencies. Because spillage for condition 3 begins at 45,000 cfs
it was assumed that Wisconsin River stage would be dependent on both KC
and Wisconsin River discharge for all frequencies. Therefore, different
methods were used to find the inflow and outflow for Fox River Swamp

reservoir.

For both conditions 3 and 5 the "SPILL" model was run for a variety
of KC values to develop a set of approach Q vs. spill Q curves. Plate C-82
shows these curves. Kindsvater (reference 4) related the weir coefficient
to the degree of submergence. The curves shown on Plate C-82 were used to
determine the overflow into the Fox River Swamp reservoir; these curves

account for submergence.
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A program that routed floods through channels with lateral overflow B ?'3a
was run for .he 2-, 10-, 25-, 50-, 100-, 200- and 500-year frequency and
standard project floods. Overflows in the reach between sections AE and

AN were predicted for free-flow conditions. These overflows were then

routed through the Fox River Swamp reservoir using a specially adapted
version of a reservoir routing program which accounted for the degree of
submergence between the Wisconsin River and Fox River Swamp reservoir.

The reservoir routing program had several unique features added to it. At
every time step it calculated the stage in the Wisconsin River from an Sl
input discharge and the rating curve shown on Plate C-81. Then it cal-
culated the degree of submergence between the river and the reservoir. f.,{
The average height of the levee in the overflow reach was determined by S
using the procedure established for submergence checks for other conditions.

The average height of the levee was 788.4 feet.

- -ﬁ'_ e

At each time step, the reservoir routing program performed the routing,

calculated the Wisconsin River stage, and the degree of submergence. For
degrees of submergence less than 0.9, the computations proceeded to the
next time, without any modification of inflow to the reservoir. Kindsvater
(reference 4) showed that for submergences less than 0.9, no appreciable

reduction in overflow exists. When submergences were greater than 0.9,

a new inflow value was input. The new input value was selected from S

Plate C-82 using a reduced KC coefficient to account for the submergence.

The weir coefficient versus degree of submergence from Kindsvater
(reference 4) and shown in Figure C-1 was used to select the submerged .
weir coefficient. Then the Wisconsin River discharge was changed to

maintain continuity in the river/reservoir system.

With this procedure, inflows to Fox River Swamp reservoir under sub- S

merged conditions were computed. T
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For condition 3, submergence occurred only for the 500-year and SPF.

The method used was similar to that used for condition 5 except that the
routing was done by hand and that KC value was considered in determining

Wisconsin River stage.
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FLOODPLAIN MAPS

This study used available topographic mapping for outlining the flood-
way and floodplain for the alternative levee conditions discussed in the
following paragraphs. Table C-2 lists the U.S. Geological Survey quad-
rangle maps used in this study. These maps were used for Plates C-7 to
Cc-18, C-26 to C-29, C-39 to C-50, and C-58 to C-61.

TABLE C-2
U.S. GEOLOGICAL SURVEY QUADRANGLE MAPS
USED FOR FLOODWAY/FLOODPLAIN DELINEATION

Name Date Scale Series Contour Interval
Baraboo NE 1974 1:24000 7.5 min. 10 ft.
Baraboo NW 1974 1:24000 7.5 10
Baraboo SE 1974  1:24000 7.5 10
Baraboo SW 1974 1:24000 7.5 10
Lewiston 1975 1:24000 7.5 10
Pine Island 1975 1:24000 7.5 10
Portage SE Advance 1:24000 7.5 10
Portage SW Advance 1:24000 7.5 10
Poynette NW Advance 1:24000 7.5 10
Wisconsin Dells NE 1975 1:24000 7.5 10
Wisconsin Dells SE 1975  1:24000 7.5 10

For the city of Portage, 2-foot contour interval maps at 1" = 100'

dated 1957 were used. Plates C-19 to C-25 and C-51 to C-57 are based on

these maps.

The delineation of the floodway/floodplain was checked by field surveys

(spot elevations).
ASSUMED EXISTING LEVEE CONDITION 1 (ALL FLOW CONFINED WITHIN THE LEVEES)

For the assumed existing levee condition in which all flow is confined
within the levees, the water surface profiles for Reaches 1, 2 and 3 were
modeled using only HEC-2 (reference 5) since there was no lateral outflow

for this condition. Levees at all locations were assumed not to fail and
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to remain stable at their present alignment. Analysis of this assumed

-
’

A existing levee condition required that artifical levees be placed in
cross sections where actual levees did not exist to contain the flow.

Artifical levees were placed at roadway embankments where this provided

e
-

.
.

for a hydraulic floodway having smooth transitions. Where roadways or

other physical barriers did not exist, artifical levees were placed to

allow for smooth transitions in the hydraulic floodway in order to re-
present a logical alignment required to contain flood flows in areas where
L levees do not currently exist. Interior drainage flooding due to surface
L runoff from interior drainage basins and seepage from the Wisconsin River
_:I would cause some flooding on the landward side of the levee which may
require interior drainage pumping stations. Backwater from the Wiscomnsin
River could occur landward of levees through Duck Creek and Baraboo River

flooding. Refer to Plates C-30 through C-36 for the water surface pro-

files and Plates C-7 through C-29 for the floodplain mapping. Water sur-
face elevations at selected locations for this alternative are given in

Table C-3.

TABLE C-3
WATER SURFACE ELEVATION AT SELECTED LOCATIONS
FOR ASSUMED EXISTING LEVEE CONDITION 1

Water Surface Elevations

100-Yr. SPF
Wisconsin Dells Gage 825.8 832.5
Section AY U/S limit of overflow 805.1 812.4
Portage Lock 796.1 800.6
Section AD D/S limit of overflow 791.4 795.8
Baraboo confluence 789.9 794.0
[-90-94 Bridge 782.3 785.5
Prairie du Sac Dam 774.0 774.0
c-19
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ASSUMED EXISTING LEVEE CONDITION 2 (LEVEES OVERTOPPED BUT DO NOT FAIL)

For the assumed existing levee condition in which flow is allowed to over-
top the levees without levee failure, water surface profiles for Reaches 1
and 3 were modeled using HEC-2 and Reach 2 was modeled using '"SPILL"
calibrated to HEC-2. "SPILL'" was calibrated to HEC-2 to account indirectly
for variable roughness factors across a given cross section. Levees at
all locations for this assumed existing levee condition was assumed to
remain stable at present elevations throughout the occurrence of the 100-year
frequency and standard project floods. Changes in flood discharges upstream
of the Baraboo River and Duck Creek confluences with the Wisconsin River
were developed using a bivariate statistical analysis discussed in detail
in Appendix B. Refer to Plate C-5 for a flow schematic diagram of this
assumed existing levee condition giving the numbers of plates containing
pertinent information. Plates C-30 through C-36 show the water surface
profiles and Plates C-7 through C-29 the floodplain mapping. Water surface

elevations at selected locations for this alternative are given in Table C-4.

TABLE C-4
WATER SURFACE ELEVATIONS AT SELECTED LOCATIONS
FOR ASSUMED EXISTING LEVEE CONDITION 2

Water Surface Elevations

. 100-Yr. SPF
Wisconsin Dells gage 825.8 832.5
Section AY (U/S limit of overflow) 803.1 805.2
Portage Lock 795.4 795.8
Section AD (D/S limit of overflow) 790.2 790.8
Baraboo confluence 789.2 789.4
1-90-94 Bridge 781.6 781.8
Prairie du Sac Dam 774.0 774.0

For this levee condition, spillage over the Portage levee for the
100-year flood occurred primarily between sections AD and AE. This overflow

splits, with approximately one-third of it backflowing into Duck Creek, and

two-thirds entering the Fox River Swamp reservoir. For the reach from AD

Cc-20
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to AE the depth of flow over the levee was 0.3 foot and the length of
the overflow was approximately 600 feet. A small amount of overflow
occurred between se tions AE and AF. Here the depth over the levee was
0.4 foot, and the length of flow over the levee was approximately 160
feet. For the SPF, most of the overflow in the Portage area occurred

in the reach between sections AD and AE. Again, approximately one-third
of this overflow went into Duck Creek. The depth of flow over the levee
was 0.6 foot and the length was approximately 1,500 feet. A less amount
of overflow occurred between sections AE and AF. Here the depth and

length of overflow were approximately 0.8 foot and 450 feet, respectively.

Overflow into the Lewiston reservoirs occurred primarily in the
reach between sections AS and AU. The depth and length of the overflow
were approximately 1.0 foot and 2,300 feet, respectively for the 100-year
flood. For the SPF the depth and length were approximately 2.0 feet and
2,700 feet respectively.

The Caledonia reservoir received Wisconsin River overflows in the
reach between sections AO and AS. For the 100-year flood, the depth of
the overflow was approximately 0.3 foot and the total length was approxi-
mately 5,300 feet. For the SPF, the approximate depth and length were
1.0 foot and 11,000 feet, respectively.

Inflow/outflow hydrographs for the first and second Lewiston reservoirs
for the 100-year and standard project floods for levee condition 2 are
shown on Plate C-83. For the SPF, the overflow was routed through a com-
posite of the first and second Lewiston reservoirs. This was necessary
due to the large inflow and the instabilities it created when routing

through each reservoir sequentially.

At the 100-year flood, the total volume of spillage into the Lewiston
reservoirs from the Wisconsin River was approximately 26,000 acre/feet.

Approximately 8 days were required to completely route the overflow
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through the reservoirs. The peak stages i1n the reservoirs were 798 and

l 792 feet above MSL in the first and second reservoirs, respectively. The
depth of flow over Columbia C.T.H. O where it intersects cross section AT
was approximately 2 feet. As the water progressed northward, it crossed
J.S. Highway 16 at a depth of approximately 0.5 foot. At the SPF, the

I volume of spillage into Lewiston was approximately 250,000 acre/feet and
approximately 10.5 days were required for complete routing. The peak stage
in the composite reservoir was 801. The depth of flow over Columbia

C.T.H. O at section AT was approximately 3 feet.

The levee condition 2 hydrographs for the Caledonia reservoir are
shown on Plate C-84. Approximately 5,000 acre/feet of water spilled into
the Caledonia reservoir during the 100-year flood and was routed out in

. approximately 3.5 days. The peak stage in the reservoir was 794. The
maximum depth of flow out of the reservoir over Wisconsin S.T.H. 33 was

approximately 0.2 foot.

- During the SPF, approximately 68,000 acre/feet of spillage occurred.
During this event, th: reservoir behaved like an effective flow area
between the location of Wisconsin River overflow and the Baraboo River.
Attenuation in the reservoir was negligible and the overflow passed through

l the reservoir in approximately 6 days. The peak stage in the reservoir

. was approximately 795, and the maximum depth of flow over Wisconsin S.T.H. 33

was approximately 1.2 feet.

¢ e
1
2

Plate (-85 shows the levee condition 2 hydrographs for the Fox River
Swamp reservoir. At the 100-year flood, the spillage was approximately
500 acre/feet and almost 14 days were required to route this spillage.

The peak stage in the reservoir for this overflow was only 0.1 foot higher

! than that for an empty reservoir. Considering the topography in the area,
: this rise would be imperceptible. The peak depth of flow over U.S. Highway
: 51 was approximately 0.2 foot.




At the SPF, the spillage was approximately 4,000 acre/feet and
approximately 23 days were required for complete routing. The peak ;
stage in the reservoir was 799, or 0.8 foot higher than an empty reservoir.

The peak depth of flow over U.S. Highway 51 was approximately 0.5 foot.

ASSUMED LEVEE CONDITION 3 (NO LEVEES)

For the assumed levee condition in which the floodplain is modeled
as though there were no levees in place, the "SPILL' model was used after
calibration to HEC-2 to analyze the large lateral outflow component from - 4
the river. "SPILL" was first calibrated to HEC-2 to account indirectly
for variable roughness factors across a given cross section. Interbasin
flow to the Fox River begins at a Wisconsin River discharge of approxi-

mately 45,000 cfs having an exceedance probability of approximately 0.24.

YRR

Interbasin flow to the Fox River begins at higher Wisconsin River discharge
for levee condition 3 than for levee condition 5 because the Wisconsin

River floodway is much less constricted for levee condition 3 resulting

in lower Wisconsin River channel stages for a given discharge. Lateral
outflow hydrographs away from the Wisconsin River were determined for the
100-year and standard project floods in the general areas of Lewiston

and Portage. These levee overflow hydrographs were routed through their

respective storage areas to determine outflow hydrographs to the Fox

River and Neenah Creek. The bivariate analysis discussed in detail in
Appendix B was used to develop a frequency-discharge relationship downstream
of the Neenah Creek-Fox River confluence that accounts for Wisconsin River
interbasin flow. Changes in flood discharges upstream of the Baraboo

River and Duck Creek confluences with the Wisconsin River were developed

using a bivariate statistical analysis discussed in detail in Appendix B.

Interior surface runoff from interior drainage basins and seepage from
the Wisconsin River would cause some localized flooding on the landward
side ot some physical barriers to flow such as highway and railroad
embankments, however, the existing cross drainage structures through

these embankments would probably provide adequate drainage. Refer to
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Plate C-6 for a flow schematic diagram of this assumed existing levee
condition giving the numbers of plates containing pertinent information.
Refer to Plates C-30 through C-36 for the water surface profiles and
Plates C-7 through C-29 for the floodplain mapping. Water surface
elevations at selected locations on the river for this alternative are

given in Table C-5.

TABLE C-5
WATER SURFACE ELEVATIONS AT SELECTED LUCATIONS
FOR ASSUMED LEVEE CONDITION 3

Water Surface Elevations

100-Year SPF
Wisconsin Dells Gage 825.4 831.9
Section AY (U/S limit of overflow) 803.1 804.4
Portage Lock 791.6 792.4*
Section AD (D/S limit of overflow) 788.7 790.7
Baraboo confluence 787.5 789.5
1-90-94 Bridge 780.8 782.2
Prairie du Sac Dam 774.0 774.0

*Approximate due to specialized computations that accounted for submergence.

During the 100-year flood, overflow into the second Lewistun reservoir
occurred between sections AT and AY. The embaiikment used in this reach in
the "SPILL" model was U.S. Highway 16. The average depth of flow over the
highway was approximately 0.4 foot, and the length of overflow totalled
approximately 8,600 feet. During the SPF, overflow occurred between
sections AT and AY. The average depth of flow over U.S. Highway 16 was
approximately 1.4 feet, and the length of overflow was approximately

9,700 feet.

Cc-24
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For this levee condition, there was a substantial amount of overflow
into the city of Portage between sections AF and Al. The embankment
used as a levee in the '"SPILL" model in this reach was U.S. Highway 51.
For the 100-year flood, depths of flow over the highway averaged 0.8 foot.
The total length of flow passing over the highway for this flood was approxi-
mately 8,800 feet.

During the SPF, the U.S. Highway 51 embankment became submerged and

the special computational procedure for this condition that was explained in
the section "Routing Levee Overflow or Levee Failure Flow" was used. This
procedure yielded approximations for the amount of overflow, but not depths
or lengths of cverflow. Based on the overflows that occurred during the
100-year flood when there was no submergence, estimates of the depth and
length of overflow for the SPF were made. At the time of peak overflow,

thd depth and length of the overflow were estimated to be 1.4 and 9,000

feet, respectively.

Plate C-86 shows the hydrographs for the second Lewiston reservoir
for this levee condition. At the 100-year flood, approximately 24,000 acre/
feet of spillage into the reservoir occurred, and it took approximately
6 days to route it through. The peak stage in the reservoir during the
100-year flood was approximately 792. During the SPF, the spillage was
approximately 200,000 acre/feet and approximately 10 days were required
for complete routing. The peak stage in the reservoir was approximately

800.

The hydrographs for levee condition 3 for the Fox River Swamp reservoir
are shown on Plate C-87. The volume of spillage during the 100-year flood
was approximately 85,000 acre/feet and complete routing required approxi-
mately 9.5 days. The peak stage in the reservoir was approximately 789.
Spillage during the SPF was estimated to 110,000 acre/feet before the weir
became submerged. Due to the possibility of the reservoir flowing back
into the Wisconsin as well as down the Fox after submergence, the time re-
quired to route the spillage was not computed. The peak stage in the
reservoir was approximately 792. Flooding on the Fox could cause an

increase in this stage.
c-25
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ASSUMED LEVEE CONDITION 4 (COMPLETE FAILURE OF THE CALEDONIA AND LEWISTON
LEVEES WITH PORTAGE HOLDING)

For this assumed levee condition, the water surface profile in reaches
1 and 3 was modeled using HEC-2. The water surface profile in reach 2 was
modeled using "SPILL" calibrated to HEC-2 to account indirectly for variable
roughness factors across a given cross section. Interbasin flow to the Fox
River begins at a Wisconsin River discharge of approximately 63,000 cfs
having an exceedance probability of approximately 0.05. Levee overflow
hydrographs away from the Wisconsin River were determined for the 100-year
and standard project floods over the Lewiston and Portage levees. These
levee overflow hydrographs were routed through their respective storage areas
to determine outflow hydrographs to the Fox River and Neenah Creek. The
bivariate analysis discussed in detail in Appendix B was used to develop
a frequency-discharge relationship below the Neenah Creek-Fox River con-
fluence that accounts for Wisconsin River interbasin flow. Changes in flood
discharge upstream of the Baraboo River and Duck Creek confluence with the
Wisconsin River were developed using a bivariate statistical analysis dis-
cussed in detail in Appendix B. Interior drainage flooding due to surface
runoff from interior drainage basins and seepage from the Wisconsin River
would cause some flooding on the landward side of the Portage levee which
may require interior drainage pumping stations. Refer to Plate C-37 for
a flow schematic diagram of this assumed existing levee condition giving
the numbers of plates containing pertinent information. Refer to Plates

C-62 through C-68 for the water surface profiles and Plates C-39 through

C-61 for the floodplain mapping. Water surface elevati:ns at selected

locations for this assumed existing levee condition are given in Table C-6. R

TABLE C-6 :-_;:“-.f';:
WATER SURFACE ELEVATIONS AT SELECTED LOCATIONS N
FOR ASSUMED LEVEE CONDITION 4 S

Water Surface Elevations

100-Year SPF
Wisconsin Dells Gage 825.4 831.9
Section AY (U/S limit of overflow) 803.1 804.4 . ]
Portage Lock 792.2 793.4 7
Section AD (D/S limit of overflow) 790.1 791.6 e
Baraboo Confluence 788.8 790.4 ]
1-90-94 Bridge 781.8 782.9
Prairie du Sac Dam 774.0 774.0

C-26

(A -

. - . . . . . . ., . . - - . . . - . . . . . - A - - . - . " A .
. . 3 - - - . - . - - - - - - - . . - + 0. - - o et “a . * *, ~ , * - - *
- -l b PRI DD G S Ul U U ST P DI Wl PR .Y T PSS IS I IR RO TR TR TR Y




—_—
For leves corndition 4, the fiococdway incluleld trhe Sirst Lewistsn znd N
the Jal:sicniz reservolrs as in levee condition 3. For tre .l{-vear FlgcoZ, -
1
OVerIlow into the zecond LewistOn Treservolr accurres tetweern sestisnms AT N
and AY. The Zepth and length of overilow were aprreoxinately 0.4 o7 znd - i
3,700 feet, respectively. During the SPF, the dectn znd lenith of osvers.om K
w“ere arproximately 1.4 feet and 10,700 feet, respectively. o
There was no flow over the Portage levee for this levee condition during i
the 100-vear flood. During the SPF, the overflow cccurred between sections .
AD and AF. A splitting of the overflow between sections AD and AE sccurrsd, T .
with approximately one-third of the overflow in this reach backflowing up
Juck (reek. The depth and length of the flow over the levees were arproxi-
mately 1.3 feet and 1,200 feet, respectively.
L ———
-
The hydrographs for the second Lewiston reservoir are shown on Flate l-33, -
During the 100-vear flood the volume of spillage was approximateiyv 24,00C ;fj
acre:sfeet and 6 days were required for routing. The reservoir stage pezkecd hf]
et

at approximately 792, At the SPF the spillage was approximately 200,200
acre,feet and approximately 10 days were required for the flow to pass
through the reservoir. The peak stage in the reservoir was approxizate.y
800.

uy

Flate (-39 shows the SPF inflow-outflow hydrogragph
Swanp reservoir for levee condition 4. There was no cverfiow inta the
reservolr during the 100-year flood. During the 3FF the spiilage was zprrodi-
Tately 250,000 acre/feet and approximately 10.3 davys were recuired for

routing. The reservoir peaked at a stage of aoproximatelv 755,

ASSUMED LEVEE CONDITION 5 (COMPLETE FAILURE OF THE FPORTAGE LEIVIZ wITH® T:I
CALIDONIA AXD LEWISTON LEVEE HOLDING)

For this assumed ievee condition, the water surface profile in rezches e
and I was modeled using HEC-2. The water surface profile in reach I was S

mode.ed using "SPILL" calibrated to HEC-Z to account incirectly for variztls
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roughness factors across a given cross section, lInterbasin flow to the

Fox River begins at a Wisconsin River discharge of approximately 22,000 cfs
having an exceedance probability of approximatc'y 0.5. Levece overflow
hydrographs away from the Wisconsin River were determined for the 100-year ii;
and standard project floods. These levee overflow hydrographs were routed ?i"s
through their respective storage areas to determine outflow hydrographs to )
the Fox River and Neenah Creek. The bivariate analysis discussed in detail
in Appendix B was used to develop a frequency-discharge relationship below
the Neenah Creek-Fox River confluence that accounts for Wisconsin River
interbasin flow. Changes in flood discharges upstream of the Baraboo
River and Duck Creek confluences with the Wisconsin River were developed
using a bivariate statistical analysis discussed in detail in Appendix B.
Interior drainage flooding due to surface runoff from interior drainage
basins and seepage from the Wisconsin River would cause some flooding on
the landward side of the Caledonia and Lewiston levees which may require

interior drainage pumping stations. Refer to Plate C-38 for a flow

schematic diagram of this assumed existing levee condition giving the S
numbers of plates containing pertinent information. Refer to Plates C-62
through C-68 for the water surface profiles and Plates C-39 through C-61
for the floodplain mapping. Water surface elevations at selected locations

for this assumcd existing levee condition are given in Table C-7. o

TABLE C-7
WATER SURFACE ELEVATIONS AT SELECTED LOCATIONS
FOR ASSUMED LEVEE CONDITION 5

Water Surface Elevations "
100-year SPF - -

Wisconsin Dells Gage 825.8 832.5
Section AY (U/S limit of overflow) 803.8 806.2

Portage Lock 795.0* 795.5%
Section AD (D/S limit of overflow) 788.9 789.5 S
Baraboo Conflucnce 787.8 788.3 :{

[-90-94 Bridge 780.6 781.0
Prairie du Sac Dam 774.0 774.0

*Approximate due to specialized computations to account for submergence. .j}} e
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Overflow into the Lewiston reservoirs for this condition was very
similar to the overflow for levee condition 2. Overflow into the Lewiston
reservoirs occurred primarily in the reach between sections AS and AU. The
depth and length of the overflow were approximately 1.0 foot and 2,300 feet,
respectively, for the 100-year flood. For the SPF, the depth and length
were approximately 2.0 feet and 2,700 feet, respectively.

The Caledonia reservoir received Wisconsin River overflows in the reach
between sections AO and AS. For the 100-year flood, the depth of the over-
flow was approximately 0.3 foot and the total length of overflow was approxi-
mately 5,300 feet. For the SPF, the approximate depth and length were 1.0
foot and 11,000 feet, respectively.

Due to the special procedures used to compute overflow into the Fox
River reservoir for this levee condition, the depth and length of levee
overflow were not computed. The embankment used in the "'SPILL' model in
the Portage area was U.S. Highway 51. With the other levees remaining intact,
the embankment became submerged at relatively low Wisconsin River discharges.
Based on the results from levee condition 3, the depths of flow over U.S.
Highway 51 for the 100-year flood were probably in the range from 2 to
4 feet. The length of overflow was probably approximately 9,000 feet.
For the SPF, the depth was probably several feet greater than for the
100-year flood. The length of overflow was probably approximately that

for the 100-year flood because of topographical conditions.

The hydrographs for the Lewiston reservoirs for levee condition 5 are
shown on Plate C-90. For the 100-year flood, the spillage was approximately
25,000 acre/feet and 8 days were required for passage of the water through
the reservoirs. The peak stage in the second reservoir was approximately
792. During the SPF, approximately 68,000 acre/feet of spillage occurred,
and the routing required approximately 6 days. The peak stage in the

second reservoir was approximately 801.
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Plate C-91 shows the hydrograph for the Caledonia reservoir.
Approximately 5,000 acre/feet of water spilled into the Caledonia
reservoir during the 100-year flood and was routed out in approxi-

mately 3.5 days. The peak stage in the reservoir was 794,

During the SPF, approximately 68,000 acre/feet of spillage into
Caledonia occurred. Attenuation in the reservoir was negligible and the
overflow passed through the reservoir in approximately 6 days. The peak
stage in the reservoir was approximately 795,

Plate C-92 shows the hydrographs for levee condition 5 for the Fox
River Swamp reservoir. Spillage into the reservoir during the 100-year
flood was approximately 87,000 acre/feet prior to submergence of the
U.S. Highway 51 embankment. The peak stage in the reservoir was approxi-
mately 791. During the SPF, approximately 98,000 acre/feet of spillage
occurred. The reservoir stage peaked at approximately 792, Due to the
likelihood of water in the reservoir flowing back into the Wisconsin
River as well as down the Fox River after submergence, the times required

to route the spillages were not computed.

ASSUMED LEVEE CONDITION 6 (PORTAGE LEVEE HOLDS, LEWISTON LEVEE HOLDS,
CALEDONIA FAILS COMPLETELY)

This levee condition was not studied in det;il and engineering judgment
was used to modify computer runs and backup data developed for the detailed
study of levee conditions one through five to determine a reasonable repre-
sentation of this mode of levee failure. The method of analysis is explained

in the following paragraphs.

While analyzing levee condition 3 for the Wisconsin River at Portage
Feasibility Study, several HEC-2 runs were made, including 10,000 cfs
increments up to 100,000 cfs, the l-percent and the SPF. On the Lewiston
side, U.S. Highway 16 or the railroad embankment was used as a floodway
limit instead of the levees. However, the increase in conveyance would
not significantly affect the water surface profile. These profiles were
plotted and compared to the top of the Lewiston levee. It was found that

the l-percent, 0.2 percent and SPF water surface profile elevations were
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less than the elevation of the top of the Lewiston levees. The HEC-2
k:; ; runs were, therefore, used to develop the required water surface profiles =
for this alternate. See Table C-8 for a listing of the l-percent, 0.2

percent and SPF water surface profiles throughout the Portage area. See

:& Plate C~-93 for plotted water surface profiles,

For this levee condition there would not be any levee overflow into
the Lewiston reservoir at least for discharges up to and including the
St SPF magnitude.

It 1s also estimated that there would be no spillage over the Portage
levees into the Fox River Swamp for the l-percent or the 0.2-percent chance
flood. Approximate methods determined that there would be a peak escape
flow of 9,000 cfs for the SPF event with a peak stage of 792.0 feet in the

LEWISTON LEVEE FAILS COMPLETELY)

) Fox River Swamp reservoir. The flooded outline for the 100-year flood would .
extend from the levees in the left overbank over to Interstate 94 in the O
upper reaches (upstream of T.H. 78) and over to the Baraboo River in the ftﬂ
lower reaches. Tﬁe flooded outline for the SPF event would approximately t] E
be the same as for the 100-year flood event except that the Fox River ::::

:; Swamp would also be flooded. The flooded outline for the Fox River Swamp q;;

?; would approximately be the same as for the levee condition 3 SPF event. ;};i

i
ASSUMED LEVEE CONDITION 7 (PORTAGE LEVEE HOLDS, CALEDONIA LEVEE HOLDS, :fjj

ﬁ}:j

This levee condition was not studied in detail and engineering judgment

was used to modify computer runs and backup data developed for the detailed

study of levee conditions one through five to determine a reasonable repre- 1
ﬁ: sentation of this mode of levee failure. The method of analysis is explained g k%
o in the following paragraphs. RS

This levee condition was analyzed by combining data developed for
levee condition 2 and levee condition 3. For the l-percent and the 0.2 ot
j5: percent flood events, water surface profiles were assumed and compared to :

levee condition 3, l-percent, 0.2 percent and SPF profiles. This information Ay

c-31 o




TABLE C-8

a'a &

2 PROFILE FOR ASSUMED LEVEE CONDITION 6
& POPTACE T EVER HOLDS, LEWISTON LEVEE HOLDS,
- CALEDONIA ' EVEE FAILS COMPLETLLY
_. WATER SURFACE PROFILE - WISCONSIN RIVER AT PORTAGE
E; 100-Year 500-Year SPE
g AD (10) 790.25 791.90 793.03
- AE 11 790.64 792.20 793.36
AF 12 790.96 792.60 793.65
AG 13 791.29 792.90 794.39
- AH 14 791.72 793.30 794.95
o Al 15.5 792.45 794.10 795.74
- AJ 16 793.34 794,90 796.41
[ AK 16.1 793.51 795.10 796.59
p - AL 16.2 793.77 795.40 796.66
- AM 16.5 794.60 796.20 797.36
- AN 17.1 795.05 796.70 797.75
) A0 17.2 795.08 796.70 -
AP 17.8 - - -
AQ 17.9 - - -
AR 21 796.10 797.70 798.64
AS 22 796.91 798.50 799.43
AT 23 798.31 799.70 800.93
AU 24 799.72 800.80 802.50
AV 27 801.61 802.70 804.41
AW 28 802.33 803.40 805.12
AX .1 802.64 803.70 805.48
AY 1 803.30 804.40 806.24
AZ 2 803.77 804.90 806.72
BA 3 804.59 805.70 807.68
BB 4 805.81 806.90 809.07
BC S 806.57 807.70 809.89
BD 6 807.56 808.70 810.93
BE 7 809.54 810.60 813.05
BF 8 811.31 812.40 814.81
BG 9 812.44 813.50 815.96
- L
. .1
o e
-.' .o.:_..:‘
o
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was correlated with levee condition 3 Lewiston outflows. The Wisconsin
River water surface profiles are based upon levee condition 2 geometry

as Lewiston and Portage levees are assumed not to fail for this condition. ﬁf&t

For the SPF, a water surface profile on the Wisconsin River was first
assumed. From this an elevation in the Lewiston reservoir was determined
(equal to the average elevation of cross sections AT and AU). From the
second Lewiston reservoir rating curve, a peak outflow was obtained. The
Wisconsin River peak outflow was determined by assuming that the Lewiston

reservoir will attenuate the peak by the ratio 1/1.3.

See Table C-9 for a tabulation of water surface elevations for the
1-percent, 0.2 percent and SPF events throughout the study area. See

Plate C-94 for plotted water surface profiles.

The approximate methods described above determined that peak elevations
in the Lewiston reservoir for the l-percent, 0.2 percent and the SPF
events to be 798.1, 799.5 and 802.2, respectively.

There would be no escape flow into the Caledonia reservoir for the
l-percent or the 0.2-percent event. There would be flow over the Caledonia
levees for the SPF event with a peak stage in the Caledonia reservoir of
795.0.

There would be no escape flow into the Fox River Swamp at least for

flood flows up to and including the SPF event.

The flooded outline for the l-percent and the 0.2 percent flood events jfiq

would remain within the levee boundaries on the Wisconsin River except at

the Lewiston reservoir. The approximate flooded outline for the Lewiston ) 3:
reservoir for both events would be the same as the levee condition 3 T
SPF event. fﬁ;f
RN
"7
..'_. .1
]
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I The flooded outline for the SPF event would remain within the levee
. boundaries on the Wisconsin River except at the Lewiston and Caledonia
reservoirs. The approximate flooded outline for the Lewiston and Caledonia

reservoirs would be the same as the levee condition 2 SPF.

TABLE C-9
PROFILE FOR ASSUMED LEVEE CONDITION 7
COMPLETE FAILURE OF THE LEWISTON LEVEES, WITH OVER-
TOPPING OF THE PORTAGE AND CALEDONIA LEVEES
]
» WATER SURFACE PROFILE - WISCONSIN RIVER AT PORTAGE
100-Yr. 500-Yr. SPF
) AD (10) 790.2 790.5 790.6
. AE 11 790.4 79..7 790.8
) AF 12 790.8 791.0 791.2
AG 13 792.3 792.6 792.7
AH 14 794.0 794.3 794.4
Al 15.5 795.4 795.6 795.8
AJ 16 - - -
- AK 16 796.7 797.0 797.1
] AL 16.2 797.1 797.6 797.9
. AM 16.5 798.4 798.9 799.2
AN 17.1 799.0 799.4 799.8
A0 17.2 799.2 799.6 800.2
AP 17.8 - - -
: AQ 17.9 - - -
] AR 21 799.9 800.3 800.9
AS 22 800.4 800.8 801.4
AT 23 800.5 801.0 802.2
AU 24 800.6 801.4 803.3
AV 27 801.9 802.9 804.2
g AW 28 802.5 803.3 804.7
b AX .1 802.8 803.9 804.9
- AY 1 803.5 804.7 805.5
. AZ 2 804.1 805.1 806.5
. BA 3 804.9 805.6 807.0
BB 4 805.8 806.4 807.8
BC S 806.6 807.3 808.5
] BD 6 807.6 808.5 810.0
BE 7 809.5 810.2 812.5
BF 8 811.2 812.0 814.5
BG 9 812.5 813.5 815.9
]
N
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ASSUMED LEVEE CONDITION 8 (PORTAGE AND CALEDONIA LEVEES FAIL COMPLETELY,
LEWISTON LEVEE HOLDS)

This levee condition was not studied in detail and engineering judgment was
E used to modify computer runs and backup data developed for the detailed study of
o levee conditions one through five to determine a reasonable representation of

i this mode of levee failure. The method of analysis is explained in the follow-

ing paragraphs.

As explained in section "Assumed Levee Condition 6", there would be no

flow over the Lewiston levee for the condition where the Caledonia levees

By .

fail and the Lewiston levee remains in place. As explained in section
"Routing Levee Overflow or Breach Flow', several spill runs were made, based
upon L.C. 3 geometry, to develop a set of approach Q versus spill Q curves.
The approach Q is the discharge on the Wisconsin River upstream of the Fox

L River swamp and the spill Q is the basin escape flow to the Fox River swamp.

. These curves were used to estimate Fox River basin escape flow. Water surface
profiles were then estimated based upon known discharge upstream of Fox River
swamp and estimated downstream discharge. See Table C-10 for a tabulation of
i' water surface elevation for the l-percent, 0.2-percent and SPF events through-

out the project area. See Plate C-95 for plotted water surface profiles.

The approximate methods described above determined peak elevations in

ll the Fox River swamp for the l-percent, 0.2 percent and the SPF events to be :
786.0, 789.0 and 792.0. "

There would be no escape flow into the Lewiston reservoir for this levee

- condition, ..

The flooded outline for the l-percent, 0.2-percent and the SPF event Qfg

” would extend from the Lewiston levees in the left overbank over to Interstate

) 94 in the right overbank for the upper reaches (upstream of TH 78) as there s
~ would be no flow over the Lewiston levees. The flooded outline for the 1- ;ﬁfﬁ
3

o percent, 0.2-percent and the SPF event for the lower reaches below T.H. 78 :%:

would be approximately the same as for the L.C. 3 SPF event.

»
»
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TABLE C-10
|
' PROFILE FOR ASSUMED LEVEE CONDITION 8
COMPLETE FAILURE OF THE PORTAGE AND CALEDONIA LEVEES,
WITH THE LEWISTON LEVEE HOLDING
I WATER SURFACE PROFILE - WISCONSIN RIVER AT PORTAGE
100 Year 500 Year SPF
AD (10) 789.5 790.0 791.0
AE 11 789.9 790.4 791.4
: AF 12 790.3 790.8 791.8
AG 13 790.8 791.3 792.3
AH 14 791.4 791.9 792.9
Al 15.5 792.0 792.5 793.4
AJ 16 - ~ -
AK 16.1 793.7 795.1 796.6
) AL 16.2 793.8 795.4 796.7
’ AM 16.5 794.6 796.2 797.4
AN 17.1 795.1 796.7 797.8
A0 17.2 795.1 796.7 800.2
AP 17.8 - - -
AQ 17.9 - - -
i AR 21 796.1 797.7 798.6
" AS 22 796.9 798.5 799.4
AT 23 798.3 799.7 800.9
AU 24 799.7 800.8 802.5
AV 27 801.6 802.7 804.4
- AW 28 802.3 803.4 805.1
l AX .1 802.6 803.7 805.5
AY 1 803.3 804.4 806.2
AZ 2 803.8 804.9 806.7
BA 3 804.6 805.7 807.7
BB 4 805.8 806.9 809.1
BC S 806.6 807.7 809.9
) BD 6 807.6 808.7 810.9
. BE 7 809.5 810.6 813.1
. BF 8 811.2 812.4 814.8
Q BG 9 812.5 813.5 815.9
»
] - 1
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)
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ASSUMED LEVEE CONDITION 9 (PORTAGE AND LEWISTON LEVEES FAIL COMPLETELY,
CALEDONIA LEVEE HOLDS)

This levee condition was not studied in detail and engineering judgment was
used to modify computer runs and backup data developed for the detailed study of
levee conditions one through five to determine a reasonable representation of
this mode of levee failure. The method of analysis is explained in the follow-
ing paragraphs.

This analysis was carried out in two parts: 1. for the reach of the
Wisconsin River upstream of T.H. 78 and 2. for the reach of the Wisconsin

{ River downstream of T.H. 78.

For the reach upstream of T.H. 78,

This section was analyzed by combining data developed for levee condition

2 and levee condition 3. For the l-percent and the 0.2-percent flood events,
water surface profiles were assumed and compared to L.C. 3 l-percent, 0.2-
percent and SPF profiles. This information was correlated with L.C. 3

i Lewiston outflows. The Wisconsin River water surface profiles are based
upon L.C. 2 geometry as the Lewiston levees are assumed not to fail for this
condition. For the SPF, a water surface profile on the Wisconsin River was
first assumed. From this an elevation in the Lewiston Reservoir was deter-

i ) mined (equal to the average elevation at cross section AT and AC). From
the second Lewiston Reservoir rating curve, a peak outflow was obtained.
The Wisconsin River peak overflow was determined by assuming that the Lewiston

Reservoir will attenuate the peak by the rate 1/1.3.

By subtracting the Lewiston Reservoir escape flow from the Wisconsin
River approach flow, the discharge remaining in the Wisconsin River down-
stream of the lLewiston levee area is determined. This flow rate was the

approach discharge for the reach downstream of T.H. 78.

For the reach downstream of T.H. 78.

As explained in section '""Routing Levee Overflows and Reach Flow', several

e spill runs were made, based upon L.C. 5 geometry, to develop a set of approach

i
‘

Q versus spill Q curves. The approach Q is the discharge on the Wisconsin :23
River upstream of the Fox River swamp and the spill Q is the basin escape
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flow to the Fox River swamp. These curves were used to estimate Fox River
]l basin escape flow. Water surface profiles were then estimated based upon
known discharge upstream of the Lewiston Reservoir and estimated downstream
discharge. See Table C-11 for a tabulation of water surface elevations for
the l-percent, 0.2-percent and SPF events throughout the project area. See

II Plate C-96 for plotted water surface profile.

The approximate methods described above determined that the peak elevation

in the Lewiston reservoir for the l-percent, 0.2-percent and the SPF events

p
al to be 792.0, 797.1 and 801.0.

The approximate methods described above determined that there would be no

basin escape flow over the Caledonia levees for the l-percent and the 0.2-

2 percent flood events. There would be flow into the Caledonia reservoir for
» the SPF event with a peak stage of 795.0.

The approximate methods described above determined that the peak elevation
—~
] in the Fox River Swamp Reservoir for the l-percent, 0.2-percent and the SPF TS

events to be 789.0, 789.2 and 789.3.

The flooded outline for the l-percent and the 0.2-percent flood events ;?i"

would remain within the levee boundaries except for the Lewiston Reservoir .-T
and the Fox River Swamp area. The approximate flooded outline for these : '?
two areas for the l-percent event would be the same as the L.C. 3 l-percent i S
event. The flooded outline for the 0.2-percent event would approximately L
be the same as the L.C. 3 SPF event for the Lewiston Reservoir area and 1
would approximately be the same as the L.C. 3 l-percent event for the

Fox River swamp area. oo

The flooded outline for the SPF event would approximately be the same e
as the L.C. 2 SPF event for the Lewiston Rescrvoir and the Caledonia
Reservoir areas. The flooded outline for the Fox River swamp area would

approximately be the same as the L.C. 3 1l-percent flood event.

o a
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TABLE -11

PROFILE FOR ASSUMED LEVEE CONDITION 9
PORTACL AND LEWISTON LLVELS FATL COMPLETELY, CALEDONIA LEVEES HOLD

WATER SURFACE PROFILE - WISCONSIN RIVER AT PORTAGE

100 Year 500 Year SPF
AD (10) 788.0 788.1 788.3
AE 11 790.0 790.1 790.3
AF 12 791.0 791.1 791.3
3 AG 13 791.4 791.5 791.7
k; AH 14 793.0 793.1 793.3
Al 15.3 794.3 794 .4 794.6
AJ le - - -
AK le.! 795.9 796.0 796.2
: AL le.2 797.1 797.6 797.9
. AM 16.5 798.4 798.49 799.2
AN 17.1 799.0 799.4 799.8
A0 17.2 799.2 799.06 800.2
AP 17.8 - - -
AQ 17.9 - - -
AR 21 799.9 800.3 300.9
AS 22 800.4 800.8 301.4
AT 23 800.5 801.0 802.2
AU 24 800.6 801.4 803.3
AV 27 801.8 802.9 804.2
AW 28 802.5 803.53 304.7
AX .1 802.8 803.9 304.9
AY 1 803.5 804.7 805.5
AZ 2 804.1 805.1 806.5
BA 3 804.9 305.6 817.0
BB 4 805.8 806.4 807.8
BC 5 806.6 807.3 808.5
BD 6 807.6 808.5 810.0 4
BE 7 809.5 810.:z 812.5 E
BF 3 811.2 812.0 814.5
BG 9 8l1..5 313.5 815.9 b
R
k
3
C- 359 "Ll
e
R
"]

PR SRS VP S Y




COMPARISON OF THE RESULTS OF THE ASSUMED LEVEE CONDITIONS ANALYSES

Approximate values of inundated area, peak stage and greatest depth for
the lateral reservoirs are shown in Table C-12 for levee conditions one through
five. The inundated areas were based on the delineations shown on Plates C-7
through C-29 and C-39 through C-61. The greatest depth in the reservoir was

computed by subtracting the lowest elevation in the reservoir from the peak

stage determined from routing. For the second Lewiston and Fox River swamp
reservoirs, the greatest depth in the reservoir occurred near the outlet from
the reservoir. 1In the Caledonia reservoir, the greatest depth occurred in the

t: low areas west of Wisconsin S.T.H. 78.

Comparison of the results from the hydraulic analyses for levee conditions
one through five can be facilitated through the use of Table C-12 and the water .
surface profiles shown on Plates C-30 through C-36 and C-62 through C-68. -

TABLE C-12

APPROXIMATE DEPTHS, PEAK STAGES, AND INUNDATED AREAS IN THE
LATERAL RESERVOIRS FOR LEVEE CONDITIONS 2 THROUGH 5

L.C. 2 L.C. 3 L.C. 4 L.C. 5 ot
100 Yr SPF 100 YR SPF 100 YR SPF 100 YR SPF -
First Lewiston Res. : ";
Inundated Area (ac.) 960 14200 * * * * 960 14200 R
Peak Stage (ft.) 798 801 * * * * 798 801 <
Greatest Depth (ft.) 6 0 * * * * 6 0 ‘;
Second Lewiston Res. ..
Inundated Area 2550 8000 2550 7500 2500 7500 2550 8000,
Peak Stage 792 801 792 800 792 800 792 801 S
Greatest Depth 12 21 12 20 12 20 12 21 {igﬁ
Caledonia Res. RO
Inundated Area 960 3300 * * * * 960 3300 :
Peak Stage 794 795 * * * * 794 795 .
Greatest Depth 9 10 * * * * 9 10 .
Fox R. Swamp Res.
Inundated Area 90 90 2550 2550 0 2200 2550 2550
Peak Stage 778 779 789 792 - 783 791 792 SR
Greatest Depth 0 1 10 13 0 4 12 13 -
° A composite of the first and second Lewistons was used for this condition. N

* For these conditions, the reservoirs were in the Wisconsin River floodway.
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FLOOD INSURANCE STUDIES
GENERAL

Two flood insurance studies have recently been completed for the study
area, the purpose of which was to investigate the existence and severity of
flood hazards for the incorporated area of the City of Portage, Columbia
County, Wisconsin, and the unincorporated areas of Columbia County, Wis-

consin.

For the flood insurance studies, water surface profiles were computed for the
10-, 50-, 100- and 500-year floods on the Wisconsin River using procedures ex-

plained in detail above for assumed levee condition 3 - (no levees).

The peak discharges used for the 10-, 50-, 100- and S500-year floods in
the computations were those at Wisconsin Dells as developed by the U.S.
Geological Survey. The spill model was used to compute the water surface
profiles for the reach between sections AD and BC; and HEC-2 was used for

the reaches from A to AD and BC to CK.

Water surface computations are based on the levee condition assumption that

all the levees along the Wisconsin River in the vicinity of Portage, Wisconsin,

will fail. Overflow from the Wisconsin River into Neenah Slough would occur for
the 50-, 100- and 500-year floods, but not for the 10-year. Overflow into the

Fox River near Portage would occur for the 10-, 50-, 100- and 500-year floods.

For the 500-year flood, the embankment used as a lateral weir on the
Portage side would become submerged and the specialized procedures used in
this reach for the SPF analysis, as.explained in section '"Routing Levee
Overflow and Breach Flows', were used. The weir coefficient KC was lowered

to 0.8 in the SPILL model to account for the submergence that would occur

during the 500-year peak.
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The 500-year flood was routed only until the time the Wisconsin River
stage peaked at section AE. After that time, the Fox River reservoir could
have overflow both into the Fox River and back into the Wisconsin River.

Important features of the two Flood Insurance Studies are discussed below.

FLOOD INSURANCE STUDY - COLUMBIA COUNTY, UNINCORPORATED AREAS, WISCONSIN

This Flood Insurance Study covers the unincorporated areas of Columbia
County, including those held by the U.S. Fish and Wildlife Service, the
Wisconsin Department of Natural Resources, the State Department of Trans-

portation, and the University of Wisconsin.

The areas studied by detailed methods were selected with priority given
to all known flood hazard areas, and areas of projected development or

proposed construction until June 1982.

Approximate methods of analysis were used to study those areas having
low development potential and/or minimal flood hazards as identified at the
initiation of the study. The scope and methods of study were proposed to

and agreed upon by the Federal Insurance Administration and the community.

The following streams were studied in detail: the Wisconsin River for
the en* re length within the county for interbasin flow conditions; the Fox
River from the Marquette County line to about 4.58 miles upstream of the
northerly corporate limits of Pardeeville, excluding the City of Portage
and Village of Pardeeville; the Crawfish River about 7.41 miles from State
Highway 73 to about 1.87 miles upstream of Hall Road; North Branch Crawfish
River, including Lazy Lake, from County Traunk Highway DG to the northern
corporate limits of the Village of Fall River; Duck Creek from its mouth
to the Village of Wyocena corporate limits; and the Baraboo River from its

mouth upstream to the I-94 bridge.
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The approximate study streams include: The Crawfish River from 1.87 .
miles upstream of Hall Road to Highway C; and North Branch Crawfish River -
upstream of County Trunk Highway DG. Other flooding sources studied by

approximate methods include:

Corning L. Tributary to the Wisconsin River Rocky Run RS
Big Slouth Hinkson Creek -
Neenah Creek Rowan Creek '
French Creek Spring Creek
Dates Mill Pond Tributary Robbins Creek
Sand Spring Creek Powers Creek
North Branch Duck Creek Rowley Creek T
Middle Branch Duck Creek Lodi Marsh Creek -
Jennings Creek Crystal Lake )

| Beaver Creek Spring Creek

»3 HYDRAULIC ANALYSES

—sim
ii - Analyses of the hydraulic characteristics of the streams in the community T
were carried out to provide estimates cof the flood elevations of selected

recurrence intervals along each flooding source studied in detail.

it

For interbasin flow conditions, the peak discharge values were developed T
routing interbasin flow from the Wisconsin River as discussed in sections ;;i
"Wisconsin River Flood Routing'" and "Routing Levee Overflow or Levee Failure ,f&:
Flow." The resulting controlling peak discharges used are shown in Table C-13. ;i;
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TABLE C-13

SUMMARY OF DISCHARGES

DRAINAGE
FLOODING SOURCE AREA PEAK DISCHARGES (CFS) e
AND LOCATION (SQ. MILES) 10-YEAR 50-YEAR 100-YEAR 500-YEAR N
WISCONSIN RIVER - (Interbasin Flow) ‘ -
At Columbia/Sauk- e
Juneau/Adams '
County Line 7,760 54,000 76,000 85,000 105,000 RS
) At Portage gage 7,830 56,000 76,200 84,500 94,200 sl
- Downstream of Baraboo River v
[ confluence 8,480 54,300 65,500 68,800 80,100 :
Sauk-Columbia County Line 8,950 54,300 65,500 68,800 80,100 T
FOX RIVER - (Interbasin Flow)
At Columbia-Marquette
County Line 369.9 2,924 7,357 12,753 21,427
. X-Sec. G 93.4 450 4,885 8,780 12,360 e
;; - X-Sec. AF 68.0 450 5,970 10,400 13,790 -
i Park Lake Dam* 53.8 1,250* 1,580*% 1,700* 2,000* -
: BARABOO RIVER —
ﬂ: -No Interbasin Flow :fz
- At Mouth 650 6,000 8,200 9,000 10,600 e
Interbasin Flow** 13 N/A N/A N/A N/A —
NEENAH CREEK - (Interbasin Flow) A
At Mouth 139 3,470 5,835 7,730 15,175 T
DUCK CREEK I
At Mouth 93.4 1,900 2,100 2,400 3,050 -—
At downstream corporate g
limits of Wyocena 75.3 2,350 3,650 4,200 6,000
CRAWFISH RIVER o
At dam in Columbus 171.7 1,250 1,710 1,890 2,260 .
Downstream of confluence -
of Robbins Creek 150.3 1,130 1,540 1,690 2,030 N
Downstream of confluence of
North Branch Crawfish River 134.5 1,030 1,400 1,550 1,850 :
NORTH BRANCH o
CRAWFISH RIVER T
Upstream of Lazy Lake 75.2 640 870 960 1,150 T
No Interbasin Flow Controls. S
* Part of Wisconsin River Overflow and Therefore Values not Applicable. el
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Cross section data and structure data necessary for this analysis
were developed by field survey. Photos of the overbanks and the channel
at most cross section locations were obtained in the field. The procedures
used for calculating head losses through bridges and other structures
causing constrictions to flow allowed the identification of significant
backwater producing structures. Stream cross sections obtained from the
Wisconsin Department of Natural Resources were used on the Fox River in
Marquette County which borders Columbia County on the north. Incorporating
these cross sections into the hydraulic model afforded the starting of
the hydraulic model for the county just upstream of the Buffalo Lake Dam
which is the downstream hydraulic control point for the river. Cross
sections on the studied streams within Columbia County were determined

by field measurement.

Overbank roughness factors (Manning's ''n") for the Wisconsin, Fox,
Baraboo and Crawford Rivers and Neenan and Duck Creeks and tributaries
were estimated from photos taken at cross section locations and field
observations. Channel roughness factors were estimated by comparison
with table values and the step-by-step procedure for channel 'n' values
in Chow's text on open channel hydraulics (reference 2). Table C-14

summarizes the range of 'n" values for selected streams.

TABLE C-14
MANNING'S '"'n'" ROUGHNESS COEFFICIENTS
Channel Overbank
Stream '"'n'" Range ''n'"' Range
Wisconsin River .030 - .040 .065 - .10
Fox River .020 - .080 .040 - 12
Baraboo River .035 - .040 .065 - .08
Crawfish River and .025 - .088 .025 - .12
tributaries
Duck Creek .035 - .045 .080 - .12
Neenah Creek .030 - .040 .055 - .07
C-45
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Water surface profiles downstream of the Prairie du Sac Dam on the
Wisconsin River were computed by the USGS using the Dane County Flood
Insurance Study hydraulic model. Starting water surfaces upstream of
the Prairie du Sac Dam on the Wisconsin River were computed based on
the dam's spillway capacities. Starting water surface elevations on
the Fox River were determined at the Buffalo Lake and Park Lake Dams
by developing elevation-discharge rating curves for the dam spillways.
Similarly, starting water surface elevations were determined from dam
rating curves for the Crawfish River at dams in Columbus and Fall
River. On the Baraboo River, Duck Creek and Neenah Creek, the
starting water surfaces were based on normal high water of confluencing
streams. At these hydraulic control points, it was possible to
determine stage as a single valued function of discharge. Water
surface elevations were computed using the COE step-backwater computer
program (reference 5) for all streams with no interbasin flow conditions.
For interbasin flow conditions, the SPILL model (reference 1) program
was used. This model coupled with Puls outflow routings affect the
water surface profiles on the Wisconsin, Baraboo and Fox Rivers as well
as Neenah Creek. For the Wisconsin River reach downstream of Prairie
du Sac Dam, the water surface profiles were computed using USGS's
water surface profile program. Thus, the usage of the results from
SPILL, Puls routings, and HEC-2 were combined as necessary to reflect

the controlling water surface for these streams.

FLOOD INSURANCE STUDY - CITY OF PORTAGE, WISCONSIN

This flood insurance study covers the incorporated area of the city

of Portage, Columbia County, Wisconsin.
The areas studied by detailed methods were selected with priority

given to all known flood hazard areas and areas of projected development

or porposed construction for the next 5 years, through June 1986.

C-46
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Approximate methods of analysis were used to study those areas having
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a low development potential or minimal flood hazard as identified at the
initiation of the study. The scope and methods of study were proposed to

and agreed upon by FEMA and the city of Portage.
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The Wisconsin and Fox Rivers were studied in detail within the corporate
limits. The effects of with and without interbasin flow were studied from
the Wisconsin to the Fox Rivers. The interbasin flow concept refers to the
outflow of the Wisconsin River into the Fox River upstream (by Slough-
Neenah Creek area) and downstream (via Duck Creek) of the city of Portage,
respectively. Interbasin flow includes flow into the Baraboo River system
westerly of the city of Portage. All existing levees on both sides of the

Wisconsin River are assumed to fail for this condition.

HYDRAULIC ANALYSES

Analyses of the hydraulic characteristics of the streams in the community
were carried out to provide estimates of the elevations of the floods of the

selected recurrence intervals along each flooding source studied in detail.

Table C-15 summarizes the specific discharges at selected locations, as

derived from the interbasin flow condition whereby all levees were assumed

to fail, and with the levees assumed to hold condition (no interbasin flow).

TABLE C-15 R

SUMMARY OF DISCHARGES w
-
Drainage
Flooding Source Area Peak Discharges (cfs) )
and Location (Sq. Miles) 10-Year 50-Year 100-Year 500-Year )
Wisconsin River at ;f %
Portage gage -
-No Interbasin Flow 7,830 54,000 76,000 85,000 105,000 )
-Interbasin Flow 7,830 54,000 76,000 84,500 94, 200
Fox River
Interbasin Flow
.
o S.T.H. 33 Bridge 73.4 450 5,970 10,400 13,790 ‘o]
: C-47 Iy
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Overbank roughness factors (Manning's 'n'") for the Wisconsin and Fox
I Rivers were estimated from photographs taken at cross section locations
and field observations. Channel roughness factors were estimated by compari-
son with table values and the step-by-step procedure for channel 'n' values
in Chow's text on open channel hydraulics (reference 2). These ranged
l from 0.030 to .040 for channel and 0.065 to 0.10 for overbanks on the
Wisconsin River. For the Fox River, these values varied from 0.02 to 0.080

in the channel and 0.040 to 0.12 for overbanks.

: Starting water surfaces for the Wisconsin River were computed using
rating curves for the Prairie du Sac Dam. For the Fox River, starting
water surface elevations were determined using rating curves at the Buffalo

Lake Dam.

Water surface elevations were computed using the Corps of Engineers HEC-2

| step backwater computer program (reference 5) for no interbasin flow conditions.
For interbasin flow conditions, the "SPILL'" model (reference 1) program

was used; this model coupled with Puls overflow routings affect the water
surface profiles on the Wisconsin and Fox Rivers. For the interbasin flow

area, water surface elevations were computed using the HEC-2 program and

the SPILL model, but no profile was drawn for this area. The water surface
profiles for the Wisconsin River were drawn based upon the total levee

failure condition.

The Fox River floodplain provides large amounts of storage in the over-

banks, thus the determination of the flow areas required to pass the 100-year

flood peak discharge with no significant increase in water-surface elevation
resulted in a hydraulic floodway with encroachment limits well within the

- limits of the floodplain. Although the area outside the limits of the

Ii floodway would not be required to pass the 100-year flood peak discharge,

. significant development in the area between the floodway and the floodplain

limits would result in a reduction in available storage volume, thus

increasing the peak discharge. This storage area, with and without

C-48
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interbasin flow, needs to remain open. Similarly, interbasin flow

results in the usage of storage areas along the Wisconsin River.

Flood profiles were drawn showing the computed water surface

elevations for floods of the selected recurrence intervals.

The hydraulic analyses for this study are based only on the effects
of unobstructed flow. The flood elevations as shown on the profiles are,
therefore, considered valid only if hydraulic structures, in general,
remain unobstructed and if channel and overbank conditions remain

essentially the same as ascertained during this study.
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SELECTED PLAN
GENERAL

Various alternatives described in the main report and the Plan Formulation
Appendix A were developed and compared in order to select the most feasible
plan., For the selected plan, the existing Portage levee from Portage canal
lock downstream to Ontario Street would be strengthened, widened and extended.
Downstream of Ontario Street the existing Portage levee would be realigned.
The new alignment would follow closely the present alignment of TH 51. Two
additional levees are needed in the Summit Street and Pauquette Park areas of
Portage. The first levee would provide for raising Summit Street from River
Street to Carroll Street. A second levee would be needed from Conant Street to
the STH 33 bridge then from the bridge downstream to almost Dunn Street. (See
Plate C-97.) The 0.2-percent chance flood would require levee heights of
approximately 10 feet. No new work is to be done on the existing Lewiston

or Caledonia levees.

DEGREE OF PROTECTION

The proposed levee on the Wisconsin River would provide protection against
flood events up to the 0.2-percent flood in the floodprone areas of the City
of Portage. A levee designed to provide protection against the standard project
flood event was considered but the hydraulic analysis showed that flood damages
would still occur in the Ward 1 area of Portage for flood events with exceedence
frequencies greater than 0.2-percent due to Lewiston levee overflow/breach flow
or to coincident Fox River flow. (See method of analysis section for complete

discussion.)

FEATURES OF THE RECOMMENDED PLAN

The specific features of the recommended plan is discussed in the main report.

1
ek
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METHOD OF ANALYSIS AND IMPACT EVALUATION

General

For the selected plan, four possible failure mode combinations of the
i existing Lewiston and Caledonia levees were identified and analyzed with
respect to their impact on flood flows, stage and frequency. The failure
modes were not studied in detail. Engineering judgment was used to modify
computer runs and back-up data developed for the detailed analysis of

levee conditions one through five to determine a reasonable representation

L 8 ]

of the four possible levee failure modes. For each failure mode the following
was determined: (1) Discharge-frequency curves at cross section AD (sce
Appendix B for discussion), (2) Discharge-frequency curves downstream of the
j mouth of the Baraboo River (see Appendix B for discussion), (3) Water surface
profiles for the l-percent, 0.2-percent exceedence frequencies and the SPF
events were developed throughout the study reach, (4) Approximate peak stages
in the lateral reservoirs (Lewiston Reservoir, Caledonia Reservoir and the Fox
il River Swamp Reservoir) for flood events with exceedence frequencies of 1l0-percent
(5-percent for condition A-C), 2-percent, l-percent, 0.2-percent and the SPF

event.

lI The method used for determining the elevations in the Lewiston and the
Caledonia Reservoirs has already been discussed under Existing Conditions.
The following additional procedures were used to determine clevations in the

Fox River Swamp Reservoir.

B

For a particular flood event on the Wisconsin River, water could enter the

Fox River Reservoir from either upstream, due to coincident Fox River flow, or

downstream, due to Wisconsin River flow over/through the Lewiston Levee going
) down Neenah Creek and backing up the Fox River (for this alternute there would
be no direct flow into the Fox River Reservoir from the Wisconsin River over or

- through the Portage Levees).

) The water surface elevation in the reservoir for the lO-percent,

- S 2-percent, l-percent, 0.2-percent flood events and the SPF on the Wisconsin

¥
[P W G S

- River were first determined based upon coincident flow on the Fox River.
) C-51
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Water surface elevations in the reservoir were then determined by routing
the corresponding outflow hydrograph from the composite Lewiston reservoir -
through the Neenah Creek, Fox River storage system by the Modified Puls method.
The higher of these two elevations would be the elevation obtained in the Fox

River Swamp for a particular flood event on the Wisconsin River.

The assumed levee failure conditions will be identified as follows.

Alternate A-A - Complete failure of the Caledonia Levee with Lewiston
Levee holding.

Alternate A-B - Complete failure of the Lewiston and Caledonia Levees.

Alternate A-C Overtopping of the Lewiston and Caled

Alternate A-D

Complete failure of the Lewiston lLeved Jalidonia
Levee holding.

Alternate A-A. Complete failure of the Caledonia lLevee with the lLewiston wuice
holding.

The method of analysis for this levee condition was the same as that dis-
cussed in the section under "Existing Conditions - Portage Levee Holds, Lewiston
Levee holds, Caledonia fails''. The one difference is that, for this case, the
Portage levees would not be overtopped. See Table C-16 for peak stages in the
lateral reservoirs for this alternate. See Table C-17 for tabulation of
Wisconsin River water surface profile elevations for the l-percent, 0.2-percent

and SPF events throughout the study reach. See Plate C-98 for elevation-

frequency curves showing peak elevations in the lateral reservoirs for Alternate
A-A.

The flooded outline would approximately be the same for the l-percent, 0.2-

percent and SPF events. The outline would extend from the levees in the left :j{f'

PUCY I

overbank over to the Interstate 94 roadway in the upper reaches (upstream of f%??

[

caA

TH 78) and over to the Baraboo River in the lower reaches. f5jf

Elevations in the Fox River Swamp area were determined as noted in the

"General'" section,'Method of Analysis and Impact Evaluation."
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_ TABLE C-17
n PROFILE FOR ALTERNATE A-A
COMPLETE FALLURE OF THE CALEDONIA LEVEL
. WITH THE LEWISTON [EVEE HOLDING
a WATER SURFACE PROFILE - WISCONSIN RIVER AT PORTAGE
- 100-Year 500-Year SPF
- AD (10) 790.25 791.90 794.03
‘ AE 11 790. 64 792.20 794.36
AF 12 790.96 762.60 794.65
3 AG 13 791.29 792.90 794.89
AH 14 791.72 793.30 795.20
Al 15.5 792.45 794.10 795.74
Ld AJ 16 793.34 794.90 796.41
g AK 16.1 793.51 795.10 796.59
- . AL 16.2 793.77 795.40 796.66
' AM 16.5 794.60 796.20 797.36
AN 17.1 795.05 796.70 797.75
A0 17.2 795.08 796.70 0.00
AP 17.8 0.00 0.00 0.00
AQ 17.9 0.00 0.00 0.00
AR 21 796.10 797.70 798.64
AS 22 796.91 798.50 799.43
AT 23 798.31 799.70 800.93
AU 24 799,72 800.80 802.50
AV 27 §91.61 802.70 804.41
AW 28 80..33 803.40 805.12
AX .1 802.64 803.70 805.48
AY 1 803.30 304.40 806. 24
AZ 2 803.77 804.90 806.72
BA 3 804.39 805.70 807.68
BB 4 805.81 806.90 809.07
BC 5 S06.57 807.70 809.89
BD 6 307,56 308.70 810.93
BE 7 {0, 54 810.60 813.05 T
BE 8 $11.531 812.40 814.81 L
BG 9 812.44 813.50 815.96 :
3
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Alternate A-B.

The analysis for this alternate is similar to
section titled "Existing Conditions-Assumed Levee
of the Caledonia and Lewiston levees with Portage

developed for Levee Condition 4 for the Wisconsin

Complete failure of the Lewiston and Caledonia levees,

that discussed in the
Condition 4 (Complete failure
holding).'" Plate 89,

River at Portage Feasi-

bility Study shows essentially no overflow into the Fox River Swamp
Reservoir for the l-percent flood event and very little flow over the
Portage levees for the SPF event. For the l-percent event, therefore,
water surface elevations, peak reservoir elevations, etc., both for this

levee condition and Levee Condition 4, are the same. Engineering judgment

was used to modify Levee Condition 4 results to obtain what is felt are
reasonable approximations of other flood events for this alternate. See
Table C-16 for peak stages in the lateral reservoirs and Table C-18 for
tabulation of Wisconsin River water surface elevations for the l-percent,
See Plate C-99 for

elevation-frequency curves showing peak elevations in the lateral reservoirs

0.2-percent and SPF events throughout the study reach.

for Alternate A-B.

The flooded outline for the 100-year and the Standard Project Flood ;Eﬂg
event would approximately be the same as in Levee Condition 4 except for ﬁi;i
the Fox River Swamp area. Elevations in the Fox River Swamp area were :??ﬁ

e |

determined as stated in the '"General' section, '"Method of Analysis and

Impact Evaluation'. .

Alternate A-C. Overtoppiﬁg of the Lewistan and Caledonia Levees.

The analysis for this alternate is similar to that discussed in the

section titled "Existing Conditions - Assumed Existing Levee Condition 2

(Levees Overtopped but not Breached).'" Plate 85, developed for Levee ‘H:P
Condition 2 for the Wisconsin River at Portage Feasibility Study shows .

essentially no overflow into the “nox River Swamp Reservoir for the 1-

percent flood event or the SPF event. Water surface profiles, peak lf

reservoir elevations, etc. for this alternate condition for a particular A

flood event were assumed to be the same as the corresponding Levee -

u;:' Condition 2 situation as flow conditions for both cases would be virtually N
the same. See Table C-16 for peak stages in the lateral reservoirs and ;fﬁ
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TABLE C-18 .
PROFILE F™R ALTERNATE A-B - -
COMPLETE FAILURE OF THE LEWISTON AND CALEDONIA LEVEES

WATER SURFACE PROFILE - WISCONSIN RIVER AT PORTAGE

100-Year 500-Year SPF

AD (10) 789.80 791.00 791.20
AE 11 . 790.14 791.30 791.50
AF 12 790.32 791.50 791.70
AG 13 790.77 791.80 792.10
AH 14 791.31 792.20 792.60 o
Al 15.5 792.18 793.00 793.40 -
AJ 16 0.00 793.80 0.00
AK 16.1 793.69 794.00 794.70
AL 16.2 793.73 794.30 794.70
AM 16.5 794.41 795.10 795.40
AN 17.1 0.00 795.50 0.00 :
AO 17.2 0.00 795.60 796.00 -
AP 17.8 0.00 0.00 796.10 ' -
AQ 17.9 0.00 0.00 0.00
AR 21 796.16 797.60 797.00
AS 22 796.73 797.40 797.80
AT 23 798.20 798.50 799.30 -
AU 24 799.49 799.70 800.60 -—
AV 27 801.39 802.20 802.50 : _——
AW 28 802.07 802.70 803.20 R
AX .1 802.38 803.00 803.60 e
AY 1 803.12 803.70 804.40 e
AZ 2 803.76 804.30 805.10 JCh
BA 3 804.78 805.30 806.20 ——
BB 4 805.87 806.30 807.40 -
BC 5 806.58 807.20 808.20
BD 6 807.50 808.40 809.80
BE 809.50 810.60 812.40
BE 8 811.30 812.60 814.40
BG 9 812.40 813.80 815.70
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TABLE C-19

PROFILE FOR ALTERNATE A-C
OVERTOPPING OF THE LEWISTON AND CALEDONIA LEVEES

WATER SURFACE PROFILE -~ WISCONSIN RIVER AT PORTAGE

PRI aral Ll sieh net aree o d il e

100-Year 500-Year SPF
AD (10) 790. 20 790.50 790.60
AE 11 790.40 790.67 790.77
AF 12 790.80 791.09 791.19
AG 13 792.30 792.57 792.69
AH 14 794.00 794.30 794.44
Al 15.5 795.40 795.69 795.83
AJ 16 0.00 0.00 0.00
AK 16.1 796.70 796.99 797.14
AL 16.2 797.10 797.59 797.94
AM 16.5 798.40 798.88 799.23
AN 17.1 799.00 799.44 799.80
A0 17.2 799,20 799.64 800.20
AP 17.8 799,80 0.00 0.00
AQ 17.9 799.90 0.00 0.00
AR 21 799.90 800.34 800.88
AS 22 800.40 800.82 801.36
AT 23 801.00 801.49 802.15
AU 24 801.70 802.38 803.31
AV 27 803.10 803.90 805.22
AW 28 803.50 804.31 805.71
AX .1 803.60 804.44 805.87
AY 1 803.80 804.70 806.15
AZ 2 804.20 805.09 806.53
BA 3 804.90 805.64 807.04
BB 4 805.80 806.50 807.76
BC 5 806.60 807.30 808.53
BD 6 807.60 808.50 810.01
BE 7 809.50 810.20 812.50
BF 8 811.30 812.00 814.50
BG 9 812.50 813.20 815.89
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Table C-19 for tabulation of Wisconsin River water surface elevations
for the l-percent, 0.2-percent and SPF events throughout the study
reach. See Plate C-100 for elevation frequency curves showing peak

elevations in the lateral reservoirs for Alternate A-C.

The flooded outline for this alternate would be the same as for

IR
H

Existing Conditions-Levee Condition 2 except for the Fox River Swamp
area, See Table C-16 for peak stages in the Fox River Swamp area.
- Elevations in the Fox River Swamp area were determined as stated in

E the '"General' section, '"Method of Analysis and Impact Evaluation."

2 Alternate A-D. Complete failure of the Lewiston Levee, Caledonia Levee Hold.

This mode of levee failure was analyzed as a modification of Existing
Conditions-Levee Condition 2. For the l-percent and 0.2-percent flood -
events, water surface profiles were assumed and compared to Existing
Conditions-Levee Condition 3, l-percent, 0.2-percent and SPF profiles.
This information was correlated with Existing Conditions-~Levee Condition
3 Lewiston outflows. The Wisconsin River water surface profiles are —
based upon Existing Condition-Levee Condition 2 geometry. For the SPF, -
a water surface profile on the Wisconsin River was first assumed. From
this an elevation in the Lewiston Reservoir was determined (equal to the
average elevation at cross sections AT and AU). From the second Lewiston S
Reservoir rating curve, a peak outflow was obtained. The Wisconsin River
peak outflow was determined by assuming that the Lewiston Reservoir will
attenuate the peak by the ratio 1/1.3. See Table C-20 for tabulation of
Wisconsin River water surface elevations for the l-percent, 0.2-percent, ;ff
and SPF events throughout the study reach. See Table C-16 for peak stages A
in the lateral reservoirs. See Plate C-101 for elevation frequency curves e

showing peak elevations in the lateral reservoirs. g

The flooded outline for the l-percent and the 0.2 percent flood events
would remain within the levee boundaries on the Wisconsin River except at
the Lewiston reservoir. The approximate flooded outline for the Lewiston
reservoir for both events would be the same as the levee condition 5 SPF ?“ﬁ

event.
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The flooded outline for the SPF event would remain within the levee
boundaries on the Wisconsin River except at the Lewiston and Caledonia R

reservoirs. The approximate flooded outline for the Lewiston and

Caledonia reservoirs would be the same as the levee condition 2 SPF.

The elevations in the Fox River swamp area were determined as stated

in the "General" section, "Method of Analysis and Impact Evaluation.” _.?

DESIGN WATER SURFACE PROFILE -

‘e ah Rama aa

For Alternate A, the water surface profile corresponding to a 0.2-

percent selected level of protection was developed. Because there are

L
four possible modes of levee failure, four profiles were developed and ey
- {

>

compared to see which condition produced the highest elevation at a
particular reach of the Wisconsin River. Table C-20A shows how the
profiles were compared to obtain the critical design water surface profile.

Plate C-105 shows this inofrmation in graphic form.
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TABLE C-20
b PROFILE FOR ALTERNATE A-D

RAISE AND WIDEN PORTAGE LEVEES, CALEDONIA HOLDS, LEWISTON FAILS COMPLETELY

100-Year 500-Year SPF
AD (10) 790.2 790.5 790.6
AE 11 790.4 790.7 790.8
AF 12 790.8 791.0 791.2
AG 13 792.3 792.6 792.7
AH 14 794.0 794.3 794.4
Al 15.5 795.4 795.6 795.8
AJ 16 - - -
AK 16.1 796.7 797.0 797.1
AL 16.2 797.1 797.6 797.9
AM 16.5 798.4 798.9 799.2
AN i7.1 799.0 799.4 799.8
A0 17.2 799.2 799.6 800.2
AP 17.8 - - -
AQ 17.9 - - -
AR 21 799.9 800.3 800.9
AS 22 800.4 800.8 801.4
AT 23 800.5 801.0 802.2
AU 24 800.6 801.4 803.3
AV 27 801.8 802.9 804.2
AW 28 802.5 803.3 504.7
AX .1 802.8 803.9 804.9
AY 1 803.5 804.7 805.5
AZ 2 804.1 805.1 806.5
BA 3 804.9 805.6 807.0
BB 4 805.8 806.4 807.8
BC 5 806.6 807.3 808.5
BD 6 807.6 808.5 810.0
BE 7 809.5 810.2 812.5
BF 8 811.2 812.0 814.5
BG 9 812.4 813.5 815.9
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FREEBOARD ALLOWANCE

The elevation of the top of the proposed levee for this report is

three feet above the design water surface elevation. Freeboard allowance

e .

' for the design of the levees will be refined further in the General Design
Memorandum study and will follow the guidance provided in paragraph 12 of

reference 6 and paragraph 3-c of reference 7.
RIPRAP

Riprap was designed according to criteria outlined in EM 1110-2-1601,
"Hydraulic Design of Flood Control Channels,'" and ETL 1110-2-120, 'Additional

Guidance for Riprap".

The riprap protection was designed for the mode of levee failure which
would produce maximum velocities in the Wisconsin River channel adjacent
to the proposed levee. This would be the condition where the Lewiston and

Caledonia levees remain in place but are overtopped.

During the analysis it was found that the required size of riprap for
each particular alternate would be the same regardless of whether the level
of protection was the l-percent, 0.2-percent or the SPF event. The reason
for this is that the amount of discharge in the Wisconsin River channel,
where riprap is required, depends upon the height of the Lewiston and
Caledonia levees, which are overtopped for all three events. The difference
in discharge in the Wisconsin River, where riprap is required, between the
SPF and the l-percent event is approximately 10,000 cubic feet per second.

Sample calculations are provided at the end of this appendix.
CHANNEL STABILITY

Channel erosion is not considered a significant problem in the study
area. Most of the soils are classified as alluvial, which is generally very
slightly erodible. Throughout the Wisconsin River basin it has been
estimated there are about 1,170 miles of eroded streambank on perennial
streams. Within Columbia County only 13 miles (approximately 1 percent of

the total mileage) was estimated to have erosion.
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The sediment yicla rate for the entire basin is low, ranging from less
than 0.01 to 0.30 acre-foot per square mile annually. With-
in Columbia County the figure runs from 0.0l to 0.10 acre-foot per square
mile per year. The available information indicates that sedimentation docs

not appear to be a serious probliem.

Plate 102 shows plotted data points of recorded elevations for historical
floods. The plotted points indicate that there has been a trend toward
increased stage for a given discharge, indicating that over the years there
has been some channel aggradation, at least for the reach of the Wisconsin
River in the vicinity of the Portage gage. The amount of aggradation is

minimal however, as can be seen by comparing 1951-1969 data to 1888-1905 data.

OPERATION AND MAINTENANCE

Functional Operation

The only operation relative to hydraulic design is the construction and
operation of one railroad closure. For a standard project flood on the
Wisconsin River, the flow increases from base flow to the discnarge when
closure must occur in 3% days (see Appendix B, Plate B-21). This time frame

will have to be considered when designing the closure structure.

Maintenance

No channel maintenance of the Wisconsin River is anticipated. As discussed
in the paragraph on channel stability, observed aggradation over the period
of record has been minimal. The expected aggradation could be handled

within the freeboard allowance.
VELOCITIES

Channel velocities in the Wisconsin River for a particular flood event
would depend upon the mode of levee failure of the Lewiston and Caledonia

levees. The levee condition that would produce the maximum velocities in
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Wisconsin River channel for a particular flood event would be where

Lewiston and Caledonia levees remain in place but are overtopped.

Table C-21 for a list of the Wisconsin River channel velocities for

Standard Project Flood event.

TABLE C-21

WISCONSIN RIVER
STANDARD PROJECT FLOOD VELOCITIES

Velocity
Cross-Section Feet Per Second
AD
AE (11) 1.05
AF (12) 1.07
AG (13) 1.57%*
AH (14) 4.99%
AL (15.5) 3.77%
AJ (16) 8.32%
AK 16.1 10.0*
Al 16.2 10.0%*
AM 116.5 5.53%
AS 22 0.00
AT 23 0.76
AU 24 0.73
AV 27 0.59
AW 28 0.45
AX .1 0.47
AY 1 0.63
AZ 2
BA 3
BB 4
BC 5
BD 6
BE 7
BF 8
BG 9
C-63
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SAMPLE CALCULATION

TABLE C-22 shows sample computations for the riprap design. See "Riprap

< Design' paragraph for further discussion on design discharge.
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ALTERNATE PLAN CONSIDERED

GENERAL

Besides the selected plan, another plan was studied by approximate
methods that would prevent all Fox River overflow up to the Standard -
Project Flood. For this plan the existing Portage levee would be raised
and widened and a new levee 5.1 miles long would be developed in the

Lewiston township area. The Portage levee would have all of the same

features of the Portage levee alternative except that the height and v
width of the levee would be increased and additional modification would v
occur at the Portage lock and downstream of Portage. The Lewiston levee
would be needed to prevent overflows into the Fox River basin. No work

would be done on the existing Caledonia levees.

.—-.——-4
DEGREE OF PROTECTION s
,"- 9
The proposed Lewiston and Portage levees would provide protection ;,.
- caa
against flood events up to the Standard Project Flood in the city of

Portage. There would also be no Wisconsin River flow over the Lewis-

ton levee and down the Fox River at least for flood flows on the

Wisconsin River up to and including the Standard Project Flood Event.

FEATURES OF THE ALTERNATE PLAN

The specific features of this alternate plan are included in the

Plan Formulation Appendix.

METHOD OF ANALYSIS AND IMPACT EVALUATION el

General a

For this plan the two possible failure modes of the existing in

Caledonia levees were analyzed with respect to their impact on flood

.. flows, stage and frequency. The failure modes were not studied in
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detail. Engineering judgment was used to modify computer

runs and back-up data developed in the detailed analysis

v

of levee conditions one through five to determine a reason-

able representation of the two possible levee failure modes. For each
failure mode the following was determined: (1) Discharge-frequency

curves at cross section AD (see Appendix B for discussion), (2) Dis-

charge-frequency curves downstream of the mouth of the Baraboo River

(see Appendix B for discussion), (3) Water surface profiles for the

l-percent, 0.2-percent exceedence frequencies and the SPF events were

developed throughout the study reach, (4) Approximate peak stages in

the lateral reservoirs (Caledonia Reservoir and the Fox River Swamp
Reservoir) for flood events with exceedence frequencies of l0-percent,

2-percent, l-percent, 0.2-percent and the SPF event.

For this alternate there would be no Lewiston levee overflow and

r

peak elevations in the Lewiston reservoirs did not have to be determined.

.
]

Fl
O
i
L

For this alternate there would be no Portage levee overflow and the
peak elevations in the Fox River Swamp area (the elevation in the Ward 1
area of Portage is the same as that in the Fox River Swamp) were deter-
mined based upon coincident flow on the Fox River and the rating curve

developed for the Fox River Swamp outlet.

For the Caledonia levees fail completely condition, the Caledonia
reservoir becomes part of the Wisconsin River floodway. The elevation at
each cross section would be determined by the Wisconsin River water sur-

face profile.

For the Caledonia levees do not fail but could be overtopped

condition, the elevations in the Caledonia reservoir were determined by :ff:
routing the Wisconsin River overflows through the Caledonia reservoir

using the modified Puls method. L

The assumed levee failure conditions will be identified as follows:
Alternate B-A - Caledonia Levee Fails Completely. ' -

Alternate B-B - Caledonia Levee Overtopped but Does Not Fail.
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Alternate B-A - Caledonia Levee Fails Completely

The flow condition for this levee alignment is the same as the
selected plan Alternate A-A, 'Complete failure of the Caledonia Levee
with the Lewiston Levee holding.'” See selected plan Alternative A-A
for a discussion of the method of analysis. See Table C-23 for peak
stages in the lateral reservoirs for this alternate. See Table C-24
for tabulation of Wisconsin River water surface profile elevations
for the l-percent, 0.2-percent and SPF events throughout the study
reach. See Plate C-103 for elevation frequency curves showing peak

elevations in the lateral reservoirs for Alternate B-A.

The flooded outline would approximately be the same for the 1-
percent, 0.2-percent and SPF events. The outline would extend from
the levees in the left overbank over to the Interstate 94 roadway in
the upper reaches (upstream of TH 78) and over to the Baraboo River

in the lower reaches.
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TABLE C-23 s
ALTERNATIVE B - RAISE AND WIDEN THE PORTAGE LEVEES AND A NEW LEWISTON LEVEL

Approximate Peak Stages in the Lateral Reservoirs R

for each of the Alternate Conditions Footnoted
l Alternate Condition B-Al Alternate Condition B—B2
- Lateral Reservoir Location| 10% 27 17 0.2% SPF 107 2% 17 0.2% SPF
g
- - Caledonia Reservoir o (Crzgs seggion ﬁg) = -
Peak Elevation 794.6 796.2 797.36 794.8 795.2 796.3f °
Fox River Swamp Reservei:z |782.6 783.5 793.8 784.2 785.0 {782.6 783.5 793.8 784.2 785.0

Footnotes: v
Alternate Conditions: -
1. Caledonia Levee Fails Completely
2. Caledonia Levee Overtopped but Does Not Fail

2 For this condition, the reservoir is in the Wisconsin River Floodway.

Comment: . -
For this alternate, there will be no overflow into the Lewiston or Fox River Reservoirs. '
The elevation in the Fox River Swamp will be determined by the coincident Fox River Discharge.




TABLE C-24

PROFILE FOR ALTERNATE B-A

CALEDONIA LEVEE FAILS COMPLETELY

WATER SURFACE PROFTILE - WISCONSIN RIVER AT PORTAGE

100-Year 500-Year SPF
AD (10) 790.25 791.90 794.03
AE 11 790.64 792.20 794.36
AF 12 790.96 792.60 794.65 s
AG 13 791.29 792.90 794.89 ]
AH 14 791.72 793.30 795.20
Al 15.5 792.45 794.10 705.74 -
AJ 16 793.34 794.90 796.41 L
AK 16.1 793.51 795.10 796.59 S
AL 16.2 793.77 795.40 796.66 o
AM 16.5 794.60 796.20 797.36 o]
AN 17.1 795.05 796.70 797.75 o
A0 17.2 795.08 796.70 797.76 3
AP 17.8 0.00 0.00 0.00 ]
AQ 17.9 0.00 0.00 0.00 T
AR 21 796.10 - 797.70 798.64 ST
AS 22 796.91 798.50 799.43 ]
AT 23 798.31 799.70 800.93
AU 24 799.72 800.80 802.50 s
AV 27 801.61 802.70 804.41 A
AW 28 802.33 803.40 805.12 ]
AX .1 802. 64 803.70 805.48 AN
AY 1 803.30 804.40 806.24 R
AZ 2 803.77 804.90 806.72 -
BA 3 804.59 805.70 807.69 T
BB 4 805.81 806.90 809.07 S
BC 5 806.57 807.70 809.89 L]
BD 6 807.56 808.70 810.93 S
BE 7 809. 54 810.60 813.05
BF 8 811.31 812.40 814.81
BG 9 812.44 813.50 815.96
e
e
TN
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Alternate B-B - Caledonia Levees Qvertopped but Does Not Fail

This alternate was analyzed as a modification of Existing Conditions
Levee Condition 2. The water surface profiles and flow into the Caledonia
Reservoir is controlled by the height of the Caledonia levees. For each
flood event, a trail and error procedure was used which consisted of
assuming a water surface profile, estimating a Caledonia levee overflow

based upon the assumed water surface profile and then checking that the

assumed profile corresponded to the discharge which remains in the

4

Wisconsin River after the Caledonia levee overflow. The channel geometry |
is the same as existing condition, Levee Condition 2. See Table C-23 Y
for peak stages in the lateral reservoirs for this alternate. See Table L
C-25 for tabulation of Wisconsin River water surface profile elevations

for the l-percent, 0.2-percent and Standard Project Flood events through- ) ;jsr-:

out the study reach. See Plate C-104 for elevation frequency curves

The

showing
flooded

Portage

peak elevations in the lateral reservoirs for Alternate B-B.
outline for all flood flows would extend from the Lewiston and

levees in the left overbank over to the Caledonia levees in the

right overbank. The Caledonia levees would be overtopped for the l-percent,
0.2-percent and Standard Project Flood events and the flooded outline

would also include the Caledonia Reservoir area.

The flooded outline in the Caledonia Reservoir area for all three

events would be approximately the same as the existing conditionms, s{;;n3

Levee Condition 2, Standard Project Flood event.

FREEBOARD ALLOWANCE

The elevation of the top of the proposed levee for this report is
three feet above the design water surface elevation. Freeboard allowance
for the design of the levees will be refined further in the General Design
Memorandum study and will follow the guidance provided in paragraph 12 of

reference 6 and paragraph 3-c of reference 7.
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TABLE C-25
PROFILE FOR ALTERNATE B-B

FI CALEDONIA LEVEE OVERTOPPED BUT DOES NOT FAIL

WATER SURFACE PROFILE - WISCONSIN RIVER AT PORTAGE

100-Year 500-Year SPF
AD (10) 790.70 791.00 791.60
AE 11 790.90 791.17 791.77
AF 12 791.30 791.59 792.19
AG 13 792,80 793.07 793.69
AH 14 794.50 794.80 795.44
ATl 15.5 795.90 706.20 796.89
Al 16 0.00 0.00 0.00
AK 16.1 797.20 707.50 798.14
AL 16.2 707.60 797.90 798.94
AM 16.5 798.90 799.20 800.23
AN 17.1 799.50 799.70 800.80
A0 17.2 799.70 800.10 801.20
AP 17.8 0.00 0.00 0.00
AQ 17.9 0.00 0.00 0.00
AR 21 800.40 800.84 801.80
AS 22 800.65 801.07 802.11
AT 23 801.00 801.50 802.65
AU 24 801.70 802.40 803.56
AV 27 803.10 803.90 805.22
AW 28 803.50 804.30 805.71
AX .1 803.60 804.40 805.87
AY 1 803.80 804.70 806.15
AZ 2 804.20 805.10 806.53
BA 3 804.90 805.60 807.04
BB 4 805.80 806.50 807.76
BC 5 806.60 807.30 808.53
BD 6 807.60 808.50 810.01
BE 7 809.50 810.20 812.50
BF 8 811.30 812.00 814.50
BG 9 812.60 813.20 815.89
"
- 1
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RIPRAP

Riprap was designed according to criteria outlined in EM 1110-2-1601,
"Hydraulic Design of Flood Control Channels,'" and ETL 1110-2-120,

"Additional Guidance for Riprap'".

The riprap protection was designed for the mode of levee failure
which would produce maximum velocities in the Wisconsin River channel
adjacent to the proposed levee. This would be the condition where

the Caledonia levees remain in place but are overtopped.

During the analysis it was found that the required size of riprap
for each particular alternate would be the same regardless of whether
i.g the level of protection was the l-percent, 0.2-percent or the SPF event,
The reason for this is that the amount of discharge in the Wisconsin
River channel, where riprap is required, depends upon the height of the
Caledonia levees, which are overtopped for all three events. The
difference in discharge in the Wisconsin River, where riprap is required,
between the SPF and the l-percent event is approximately 10,000 cubic

feet per second. Sample calculations are provided at the end of this

appendix.

CHANNEL STABILITY

Channel erosion is not considered a significant problem in the
study area. Most of the soils are classified as alluvial, which is
generally very slightly erodible. Throughout the Wisconsin River basin
it has been estimated therc are about 1,170 miles of eroded streambank
on perennial streams. Within Columbia County only 13 miles (approximately

1 percent of the total mileage) was estimated to have erosion.

The sediment yield rate for the entire basin is low, ranging from
less than 0.01 to 0.30 acre-foot per square mile annually. Within
Columbia County the figure runs from 0.01 to 0.10 acre-foot per square
mile per year. The available information indicates that sedimentation

does not appear to be a serious problem.
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Plate 102 shows plotted data points of recorded elevations for
historical floods. The plotted points indicate that there has been a
trend toward increased stage for a given discharge, indicating that
over the years there has been some channel aggradation, at least for
the reach of the Wisconsin River in the vicinity of the Portage gage.

The amount of aggradation is minimal however, as can be seen by comparing
1951-1969 data to 1888-1905 data.

OPERATION AND MAINTENANCE

Functional Operation

The only operation relative to hydraulic design is the construction

and operation of one roadway and one railroad closure. For a standard
project flood on the Wisconsin River, the flow increases from base flow
to the discharge when closure for both structures must occur is 3% days
(see Appendix B, Plate B-21). This time frame will have to be considered

when designing the closure sturcture.

Maintenance

No channel maintenance of the Wisconsin River is anticipated., As
discussed in the paragraph on channel stability, observed aggradation
over the period of record has been minimal. The expected aggradation

could be handled within the freeboard allowance.

VELOCITIES

Channel velocities in the Wisconsin River for a particular flood
event would depend upon the mode of levee failure of the Caledonia
levees. The levee condition that would produce the maximum velocities
in the Wisconsin River channel for a particular flood event would be
where the Caledonia levees remain in place but are overtopped. See
Table C-26 for a list of the Wisconsin River channel velocities for

the Standard Project Flood event.
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STANDARD PROJECT FLOOD VELOCITIES

Cross-Section

TABLE C-26

WISCONSIN RIVER

Velocity

AD
AE
AF
AG
AH
Al
AJ
AK
AL
AM
AS
AT
AU
AV
AW
AX
AY
AZ
BA
BB
BC
BD
BE
BF
BG

SAMPLE CALCULATION

Table C-Z2 shows sample computations for the riprap design,

(11)
(12)
(13)
(14)
(15.5)
(16)
16.1
16.2
116.5
22
23
24
27
28

LNV WN R

=
COOCOQOQOUVMOOOWL i

Feet Per Second

.05
.07
YA
.99%
A%
.32%
. 0%
0%
.53%
.00
.76
.73
.59
.45
47
.63

See

"Riprap Design" paragraph for further discussion on design discharge.
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