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AMBROUGH SLOUGH
HABITAT REHABILITATION AND ENHANCEMENT PROJECT

EXECUTIVE SUMMARY

The Ambrough Slough Habitat Rehabilitation and Enhancement Project consists of a
number of features located pool 10 of the Upper Mississippi River near Prairie du Chien,
Wisconsin. The study investigated habitat conditions and concerns in the Ambrough Slough
complex, a 1200-hectare area containing a number of backwater lakes, sloughs, and other
wetland habitats.

The habitat concerns within the Ambrough Slough complex are primarily related to
providing adequate habitat for the backwater fish community, especially overwintering habitat.
Habitat conditions for wildlife within the complex are considered above average.

The plan formulation process considered a number of alternatives for the habitat
problems and opportunities within the Ambrough Slough complex. Reducing flows entering the
complex and individual lakes were evaluated for a number of locations. The recommended flow
reduction features of the project include a partial rock closure structure at the entrance of Black
Slough, rock closures of two small openings at Upper Doubles Lake and Tilmont Lake,
respectively, and the restoration of a peninsula that used to separate Tilmont Lake from
Ambrough and Mudhen Sloughs. The primary purpose of these features is to improve winter
fish habitat conditions by reducing current velocities and maintaining water temperatures within
tolerance ranges of backwater fish species.

Backwater dredging was evaluated for a number of area lakes and is recommended for
Spring Lake, Big Missouri Lake, and Upper Doubles Lake. The primary purpose is to increase
water depths and improve both summer and winter habitat conditions for the backwater fish
community.

Gremore Lake 1s the largest lake in the complex. The primary habitat problem in
Gremore Lake is dissolved oxygen depletion during the winter. Mechanical aeration, dredging,
and flow introduction were evaluated as potential solutions. Flow introduction is the
recommended plan. This would be accomplished by construction of a small channel that would
allow introduction of Ambrough Slough flows into the head of Gremore Lake. A culvert with a
stoplog control structure would be used to control the flows entering the lake. This project
feature is located outside the Upper Mississippt River National Wildlife and Fish Refuge, and as
such, implementation would be cost shared with the Wisconsin Department of Natural Resources
on a 65 percent Federal - 35 percent non-Federal basis.

Total direct construction costs for the recommend plan are estimated to be $2,052,600.
Costs for plans and specifications and construction management bring the total estimated
implementation cost to $2,428,600. (These costs are “fully funded”, i.e., indexed for inflation).
For those features located entirely within the Upper Mississippi River National Wildlife and Fish




Refuge, the cost of the project would be 100 percent Federal, in accordance with Section 906(¢)
of the Water Resources Development Act of 1986. The operation and maintenance requirements
for those features would be the responsibility of the U.S. Fish and Wildlife Service.

As noted, the Gremore Lake channel would be cost shared with the Wisconsin
Department of Natural Resources in accordance with Section 509(e) of the Water Resources
Development Act of 1999. The estimated total cost of the Gremore Lake channel (including
sunk planning costs) is $332,400. The Wisconsin Department of Natural Resources cost share

would be $116,340. The Department would also be responsible for operation and maintenance
of this feature.
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DEFINITE PROJECT REPORT/
ENVIRONMENTAL ASSESSMENT

: AMBROUGH SLOUGH
HABITAT REHABILITATION AND ENHANCEMENT PROJECT
POOL 10, UPPER MISSISSIPPI RIVER
CRAWFORD COUNTY, WISCONSIN

INTRODUCTION
1.1 AUTHORITY

The authority for this report is provided by Section 1103 of the Water Resources
Development Act of 1986, as amended (Public Law 99-662). The proposed project would be
funded and constructed under this authorization. Section 1103 is summarized as follows:

Section 1103. UPPER MISSISSIPPI RIVER PLAN

(a) (1) This section may be cited as the Upper Mississippi River Management Act of
1986.

(2) To ensure the coordinated development and enhancement of the Upper Mississippi
River system, it is hereby declared to be the intent of the Congress to recognize that system as a
nationally significant ecosystem and a nationally significant commercial navigation system... The-
system shall be administered and regulated in recognition of its several purposes.

(e) PROGRAM AUTHORITY
(1) AUTHORITY
(A) IN GENERAL. The Secretary, in consultation with the Secretary of the
Interior and the states of lllinois, lowa, Minnesota, Missouri, and Wisconsin, may undertake, as

identified in the master plan -

(i) a program for the planning, construction, and evaluation of measures for
fish and wildlife habitat rehabilitation and enhancement; and....
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1.2 PARTICIPANTS AND COORDINATION

Participants in the planning for the Ambrough Slough project include the Upper
Mississippi River National Wildlife and Fish Refuge and the Region 3 Offices of the U.S. Fish
and Wildlife Service (USFWS), the Wisconsin and Towa Departments of Natural Resources
(Wisconsin DNR and Iowa DNR), and the St. Paul District, Corps of Engineers.

The USFWS and the Wisconsin DNR were most heavily involved in project planning
because the study area is located with the Upper Mississippi River National Wildlife and Fish
Refuge and is located within Wisconsin. The USFWS would be considered a cooperating agency

under Federal regulations governing the implementation of the National Environmental Policy
Act of 1969,

The following individuals played an active role in the planning and design of the
Ambrough Slough project. For St. Paul District personnel, the discipline and contribution of the
individual planning team members is listed. For resource agency personnel, the
individual’s position title is listed.

ST. PAUL DISTRICT, CORPS OF ENGINEERS

Name Discipline Contribution
Gary Palesh Fishery Biologist Project Manager '
Tim Yager Fishery Biologist Environmental analysis, NEPA. doc.
Sissel Johannessen Archaeologist . - . Cultural resources analysis
- Keith LeClaire . Cartographer : - @IS analysis
- Michelle Schneider Hydraulic Engineer . Hydraulic analysis
Jon Hendrickson Hydraulic Engineer - Hydraulic analysis
Joel Face Civil Engineer Geotechnical analysis
Terry Williams Civil Engineer Design and layout
Phil Sauser Civil Engineer Structural Design
Rick Femrite Civil Engineer Cost Estimating
Ken Beck Real Estate Specialist Real Estate

U.S. FISH AND WILDLIFE SERVICE

Keith Beseke Habitat Projects Coordinator
John Lindell Refuge District Manager
Clyde Male Refuge Assistant District Manager

WISCONSIN DEPARTMENT OF NATURAL RESOURCES

Jeff Janvrin Habitat Projects Coordinator

Kurt Welke Area Fisheries Manager

John Wetzel Area Wildlife Manager

John Sullivan Mississippi River Water Quality Specialist
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IOWA DEPARTMENT OF NATURAL RESOURCES

Mike Griffin Habitat Projects Coordinator
Scott Gritters Area Fisheries Manager
Karen Aulwes Asst. Area Fisheries Manager

1.3 PROJECT PURPOSE
1.3.1 RESOURCE PROBLEMS/OPPORTUNITIES

The purpose of this Definite Project Report is to document existing and predict future
habitat conditions and deficiencies, define habitat goals and objectives, identify and evaluate
alternative measures that would address the goals and objectives, and recommend a selected plan
for habitat restoration and enhancement.

1.3.2 PROJECT BOUNDARIES

The Ambrough Slough project area is located in pool 10 of the Mississippi River,
approximately 8 kilometers above Prairie du Chien, Wisconsin (plate 1). The general project
area is that portion of the Mississippi River floodplain lying between the main channel and the
Wisconsin uplands between river miles 638 and 641 (plates 2a, 2b, and 2c).

Ty The majonty of the study area lies within the boundaries of the Upper NIISSlSSIppl River
Natxonal Wildlife and Fish Refuge (Refuge)
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GENERAL PROJECT SELECTION PROCESS

2.1 ELIGIBILITY CRITERIA

A design memorandum (or implementation document) did not exist at the time of the
enactment of Section 1103. Therefore, the North Central Division, U.S. Army Corps of
Engineers, completed a "General Plan" for implementation of the Upper Mississippi River
System - Environmental Management Program (UMRS-EMP) in January 1986. The U.S. Fish
and Wildlife Service, Region 3, and the five affected States (Illinois, lowa, Minnesota, Missouri,
and Wisconsin) participated through the Upper Mississippi River Basin Association.
Programmatic updates of the General Plan for budget planning and policy development are
accomplished through Annual Addenda.

Coordination with the States and the USFWS during the preparation of the General Plan
and Annual Addenda led to an examination of the Comprehensive Master Plan for the
Management of the Upper Mississippi River System. The Master Plan, completed by the Upper
Mississippi River Basin Commission in 1981, was the basis of the recommendations enacted into
law in Section 1103. The Master Plan report and the General Plan identified examples of
potential habitat rehabilitation and enhancement techniques. Consideration of the Federal
interest and Federal policies has resulted in the conclusions below:

a. (First Annual Addendum). The Master Plan report... and the authorizing legislation do
not pose explicit constraints on the kinds of projects to be implemented under the UMRS-EMP.
- For habitat projects, the main eligibility criterion should be that a direct relationship should exist
between the project and the central problem as defined by the Master Plan; i.e., the sedimentation
of backwaters and side channels of the UMRS. Other ¢riteria include geographic proximity to
the river (for erosion control), other agency missions, and whether the condition is the result of
deferred maintenance....

b. (Second Annual Addendum).

(1) The types of projects that are definitely within the realm of Corps of Engineers
implementation authorities include the following:

- backwater dredging

- dike and levee construction

- island construction

- bank stabilization

- side channel openings/closures

- wing and closing dam modifications

- acration and water conirol systems : _

- waterfow] nesting cover (as a complement to one of the other project types) -
- acquisition of wildlife lands




(2) A number of innovative structural and nonstructural solutions that address
human-induced impacts, particularly those related to navigation traffic and operation and
maintenance of the navigation system could result in significant long-term protection of UMRS
habitat. Therefore, proposed projects that include such measures will not be categorically
extluded from consideration, but the policy and technical feasibility of each of these measures
will be investigated on a case- by-case basis and the measures will be recommended only after
consideration of system-wide effects.

2.2 PROJECT SELECTION

Projects are nominated for inclusion in the District's habitat program by the respective
State natural resource agency or the U.S. Fish and Wildlife Service, based on agency
management objectives. To assist the District in the selection process, the States and USFWS
have agreed to use the expertise of the Fish and Wildlife Work Group (FWWG) of the River
Resources Forum (RRF) to consider critical habitat needs along the MlSSlSSlppl River and
prioritize nominated projects on a biological basis.

The FWWG consists of biologists responsible for managing the river for their respective
agency. Meetings are held on a regular basis to evaluate and rank the nominated projects
according to the biological benefits that they could provide in relation to the habitat needs of the
river system. The ranking is forwarded to the RRF for consideration of the broader policy
perspectives of the agencies involved. The RRF submits the coordinated ranking to the District,
and.each agency officially notifies the District of its views on the ranking. The District then

*formulates and submits a program that is consistent with the overall program guidance as.
described in the UMRS-EMP General Plan and Annual Addenda and supplemental guidance
provided by the North Central Division.

Projects consequently have been screened by biologists closely acquainted with the river.
Resource needs and deficiencies have been considered on a pool-by-pool basis to ensure that
regional needs are being met and that the best expertise available is being used to optimize the
habitat benefits created at the most suitable locations.

The Ambrough Slough project was proposed for consideration by the Wisconsin
Department of Natural Resources. The project was evaluated in 1990 by the FWWG and ranked
for inclusion in the District's FY 1993 program. In that evaluation, the project was ranked as the
number 14 priority project (out of 38) for consideration in FY 1993.

In 1991, the FWWG ranked projects for inclusion in the FY 1994 St. Paul District
program. In this ranking, the Ambrough Slough project rose in priority to number 10 out of 33
projects ranked. In the 1992 ranking for the FY 1995 program, the project rose to number 6 in

priority out of 31 projects. Based on this ranking, the project was programmed by the St. Paul
District for study. The study was initiated in January 1996.
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ASSESSMENT OF EXISTING RESOURCES

3.1 PHYSICAL SETTING

Pool 10 is part of the Upper Mississippi River system and was created in 1937 by the
completion of Lock and Dam 10. The entire pool is about 53 kilometers long, extending from
river mile 615.1 to river mile 647.9. The river valley in this pool is 3 to 5 kilometers wide and 1s
bordered on either side by weathered bluffs.

The study arca is a complex of backwater lakes, sloughs, and ponds lying between the
main channel and the Wisconsin uplands bordering the floodplain (plates 2a, 2b, and 2c¢).
Ambrough Slough is the predominant feature of the area.

3.2 WATER RESOURCES

The following are the primary water resource features of the study arca. Many of the
backwater lakes in the Ambrough Slough backwater complex will vary in size depending upon
water levels and the amount of emergent vegetation encroachment, Because of this variability,
the size ranges given for these lakes are approximate.

3.2.1 MISSISSIPPI RIVER |

The study area lies about 13 kilometers below Lock and Dam 9 and about 14.5 kilonieters
above the confluence of the Wisconsin River with the Mississippi River. The Mississippi River
main channel! in this reach is typically about 500 meters wide.

Early summer (June) discharges at Lock and Dam 9 generally range from 850 to 1,500
cubic meters per second (cms). By late summer, discharges usually decrease to a range of 550 to
850 cms. Winter low flows are usually in the range of 400 to 550 cms. Table 3-1 shows the
discharges and stages associated with these flows and for various high runoff events for the study
arca. '
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Table 3-1
Mississippi River Discharge Frequencies in Study Area

Event Flow {cms) Flow (cfs) Stage (m) Stage (ft)

winter low flow 500 18,000 186.5 612.0
late summer 700 25,000 186.8 613.0
early summer 1,200 42,000 187.4 614.9
5-year (20% chance) 3,900 138,000 190.1 623.8
10-year (10% chance) 4,700 166,000 190.7 625.8
June 1993 5,380 190,000 191.4 628.0
April 1997 5,830 206,000 191.4 627.9
April 1969 6,272 221,500 191.4 628.0
50-year (2% chance) 6,428 227,000 191.8 629.4
100-year (1% chance) 7,249 256,000 192.3 630.9
April 1965 7,815 276,000 192.5 631.7

3.2.2 AMBROUGH SL.OUGH

Ambrough Slough is the main water feature of the study area. The slough branches off -

+ the main channel at river mile 641.9. It flows in a meandering pattern in a southerly direction for
about 5 kilometers. The slough then widens and straightens, continuing to flow in a southerly
direction for about 3 kilometers until in enters the East Channel of the Mississippi River at
Prairie du Chien. '

Measured flows in Ambrough Slough are shown in tables 3-2 along with flows for other
sloughs entering the Ambrough Slough complex. Many of the smaller sloughs are unnamed and
are only identified by their river mile location. The discharge measurements are ordered in table
3-2 by Lock and Dam 9 (L/D 9) discharge to make it easier to show how the discharges into the
sloughs are related to L/D 9 discharges. It appears that Black Slough is the largest contributor of
flow to the complex followed by Ambrough Slough. Flows from Black Slough have been
increasing over the past decade as the mouth of this slough has been enlarging, Most of the other
sloughs appear to contribute only small flows when the river discharges are low to moderate.
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Table 3-2

Discharge Measurements (cms) in Sloughs

/D9 Site % of 1L/D 9
Slough Date Discharge Discharge Discharge

642.10 5/29/96 2,288 18 0.8
: 6/25/96 2,186 15 0.7
B/17/95 2,138 11 0.5
7/10/97 1,671 3 0.2
T118/95 1,444 0 0.0
10/23/96 966 0 0.0
Ambrough 5/29/96 2,288 49 2.1
(641.90) 6/25/96 2,186 37 1.7
5/17/95 2,138 39 1.8
7/10/97 1,671 21 1.3
7/18/95 1,444 8 0.7

10/23/96 966 * *
641.85 5/29/96 2,288 23 1.0
6/25/96 2,186 19 0.9
5/17/95 2,138 19 0.9
7110/97 1,673 10 0.6

7/18/95 1,444 * *

10/23/96 966 * *
641.80 5/29/96 2,288 9 0.4
6/25/96 2,186 8 0.4
5/17/95 2,138 9 0.4
7/10/97 1,678 2 0.1

7/18/95 1,444 * *

: 10/23/96 966 0 0
641.70 5/29/96 2,288 7 0.3
6/25/96 2,186 7 0.3
5/17/95 2,138 3 0.1

T/10/97 1,678 1 0

7/18/95 1,444 * *

10/23/96 966 0 0
640.00 5/30/96 2,256 7 0.3
6/26/96 2,175 5 0.2

7(10/97 1,682 * *
Black Bf30/96 2,256 68 3.0
(639.40) 6/26/96 2,175 531 2.3
5/17/95 2,138 64 3.0
7/09/97 1,702 49 2.9
7/18/95 1,444 18 1.6
. 10/23/96 966 14 1.4
Lower 1/14/97 926 17 1.8
Ambrough 2114/96 762 12 1.6
1/20/89 405 1 0.2
1/10/91 362 1 0.3

* no measurement taken though flow may have been present

source: St. Paul District COE; Wisconsin DNR
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3.23 VOTH'S LAKE

Voth's Lake is a relatively isolated backwater lake with two distinct basins, located in the
northwest portion of the study area. The lake is connected via a small drainage to Big Missouri

Lake. No bathymetric data is available for Voth's Lake, but observations are that most of the lake
is less than 1 meter deep.

3.2.4 BIG MISSOURI LAKE

Big Missouri Lake lics southeasterly of Voth's Lake. Big Missouri has a direct
connection to Ambrough Slough and to Upper Doubles Lake to the south. On historic aerial
photographs, Big Missouri Lake ranges in size from 8 to 14 hectares. Bathymetric data is
available for a portion of Big Missouri Lake, indicating mwuch of the lake is likely less than 1
meter deep.

3.2.5 SPRING LAKE

Spring Lake 1s located in the northeasterly portion of the study area. On early maps,

+ Spring Lake is called "Sioux Bayou." Spring Lake is connected to Ambrough Slough by Spring
Slough. There is a small slough feeding into Spring Lake from the north. It is likely that during
high flow periods, water from the Mississippi River enters Spring Lake via this slough.
Approximately one-half of Spring Lake lies outside the boundaries of the Refuge. On historic
aerial photographs, Spring Lake ranges in size from 18 to 30 hectares. No bathymetric data is
available for Spring Lake, but it is likely that much of the lake is less than 1 meter deep. . -

3.2.6 ROULETTE LAKE

Roulette Lake is located in the upper portion of study area, lying to the west of Ambrough
Slough. A small slough enters Roulette Lake from the north from the main channel. The lake
outlets to Ambrough Slough. On historic aerial photographs, Roulette Lake ranges in size from 8
to 22 hectares, No bathymetric data is available for Roulette Lake, but observations are that
much of the lake is less than 1 meter deep.

3.2,7 UPPER DOUBLES LAKE

Upper Doubles Lake is located west of Ambrough Slough and south of Big Missouri
Lake. The lake has a direct connection with Big Missouri Lake and with Lower Doubles Lake.
On historic aerial photographs, Upper Doubles Lake ranges in size from 10 to 16 hectares.
Bathymetric data is available for a portion of Upper Doubles Lake, indicating most of the lake is
less than 1 meter deep.
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3.2.8 LOWER DOUBLES LAKE

Lower Doubles Lake is located west of Ambrough Slough and south of Upper Doubles
Lake. In addition to the connection to Upper Doubles laked noted above, the lake has a
connection with Fish Lake to the south. On historic aetial photographs, Lower Doubles Lake
ranges in size from 8 to 12 hectares. Bathymetric data is available for much of Lower Doubles
Lake, indicating most of the lake is less than 1 meter deep.

3.2.9 FISH LAKE

Fish Lake is located west of Ambrough Slough near the center of the study area. In
addition to Lower Doubles Lake, Fish Lake has a direct connection with Ambrough Slough and
with Dark Slough. On historic aerial photographs, the lake ranges in size from 10 to 18 hectares.
Bathymetric data is available for much of Fish Lake, indicating most of the lake is less than 1
meter deep.

3.2.10 FLUKE'S LAKE

Fluke's Lake is located in the west central portion of the study area. The lake is connected
to the main channel of the Mississippi River via Black Slough, and is connected to Ambrough
Slough by Dark Slough. The area that would be considered part of Fluke's Lake has changed
considerably over time with changes in Black Slough.

3.2.11 TILMONT LAKE

Tilmont Lake is located west of Ambrough Slough in the lower portion of the study area.-
The lake 1s directly connected to Ambrough Slough and Mudhen Slough. On historic aerial
photographs, the lake ranges in size from 34 to 42 hectares. Bathymetric data for Tilmont Lake
indicates a shallow flat basin with most of the lake being between 1.0 and 1.5 meters deep.

3.2.12 BLACK SLOUGH

Black Slough is a relatively short slough connecting Fluke's Lake to the Mississippi
River. Water can flow both ways in Black Slough depending upon stages in the river and Fluke's
Lake. However, in most instances, water flows from the main channel into Fluke's Lake.

Flows into Ambrough Slough have increased significantly over the past 10 years based on
Wisconsin DNR discharge measurements. The erosion of Black Slough 1s believed to be a
‘primary cause for this increase.

3.2.13 DARK SLOUGH
Dark Slough is a slough connecting Fluke's Lake to Ambrough Slough, Mudhen Slough,

and other backwaters to the east. Water can flow both ways in Dark Slough depending upon
stages in the river and Ambrough Slough. However, in most instances, water flows from Fluke's
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Lake towards Ambrough Slough.
3.2.14 MUDHEN SLOUGH

Mudhen Slough flows south from Dark Slough to Ambrough Slough. Flow from Mudhen
Slough also enters Tilmont Lake.

3.2.14 GREMORE LAKE

Gremore Lake is a 135-hectare backwater lake located east of Ambrough Slough in the
lower reaches of the study area. Gremore Lake is deeper than most backwater lakes in the area,
with water depths greater than 3 meters in isolated locations. Most of the lake has depths of 1 to
2 meters. All of Gremore Lake, except for a small portion of the northern shoreline, is located
outside of the boundaries of the Refuge.

3.3 GEOLOGY AND SOIL/SUBSTRATE

The most significant geological event explaining the nature of the Mississippi River
within pool 10 occurred at the end of the Pleistocene glaciation approximately 10,000 years ago.
Tremendous volumes of glacial meltwater, primarily from the Red River Valley's glacial Lake
Agassiz, eroded the preglacial Minnesota and Mississippi River valleys. As meltwaters
diminished, the deeply eroded river valleys aggraded substantially to about the present levels.
Since post-glacial times, an anastomosing stream environment has dominated this reach of the .

Mississippi River, due to the river's low gradient and oversupply of sediment from its tributaries,
* Prior to the impoundment of pool 10+in the 1930%; the broad floodplain 'of the river was
characterized by a stream system that consisted of multiple channels, swampy depressions,
sloughs, natural levees, islands, and shallow lakes.

3.4 WATER QUALITY

A number of the floodplain lakes in the Ambrough Slough complex have been

sporadically momitored for water quality by the Wisconsin DNR, The results of those cfforts are
summarized here.

3.4.1 AMBROUGH SLOUGH

In June 1990 the Wisconsin DNR completed a diurnal dissolved oxygen study in
Ambrough Slough. During continuous monitoring of surface waters dissolved oxygen (DO)
levels fell below 5 mg/l about 13 percent of the time over a 9-day period. The study was
completed during a relatively low flow period and based on the results of the study (i.e.
depressed DO concentrations), concern was expressed about more serious DO depletions during
even lower flow periods. '
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Winter water quality information collected during 1988-1989 also indicated low DO
levels during low flow periods in Ambrough Slough.

3.4.2 GREMORE LAKE

Of the lakes in the Ambrough Slough complex, Gremore Lake has received the most
attention in terms of water quality monitoring. Winter DO, temperature, ice conditions, and
snow cover have been collected since the 1960's. In general, winter water quality conditions are
typical of many floodplain lakes on the UMR, in that depletion of DO levels begins to occur as
snow cover and ice thicknesses increase. Typically, by mid to late January 0.3 to 0.45 meters of
ice are present with snow cover ranging from 0.15 to 0.25 meters. With these conditions, DO
concentrations throughout the water column drop well below 5 mg/l, usually below 2 mg/l. Low
DO levels persist into February, but usually have increased to above 5 mg/l by March. Winter
water temperatures generally range from 2 to 3 °C. Table 3-3 presents selected water quahty
information collected in Gremore Lake since 1985.

3.4.3 OTHER LAKES

. Spot sampling of temperature and DO concentrations in several of the floodplain lakes in
the Ambrough Slough complex has been completed since 1985. Table 3-4 presents this
information. Generally, those areas near the flowing water conditions of Ambrough Slough have
good DO levels while more isolated lakes, such as Voth's and Roulette have low DO levels.

In summary, water quality in the Ambrough Slough complex: varies greatly throughout .-

- the year and from water body to water body. Using the data collected from Gremore Lake it can
be concluded that winter DO sags in most of the floodplain lakes create unfavorable conditions
for overwintering fishes. However, Ambrough Slough itself generally maintains oxygen
concentrations in excess of 5 mg/l throughout the winter months. Summer water quality is
generally good, with no concerns for contaminants, however, diurnal DO monitoring has
revealed some short-term summer-time sags in DO concentrations during low flow periods.
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Table 3-3
Dissolved Oxygen and Temperature Observations from Gremore Lake.

Sampling Date .
Monitoring Category i ] 12-19-85 1-14-86 2-5-86 3-4-86 1-25-91 12-14-92
Ice Cover (meters) >0.30 >0.30 <0.30 <0.30 - 038 0.13
Snow Cover (meters . 7 . . , X _ 0.10 _ '
DO at Top of Water Column (mg/l) 82 1.6 1.9 5.5 - 5.7
DO at Bottom of Water Column (mg/T) 8.1 1.1 1.3 4.3 0.6 0.7
Temp. at Top of Water Column (C) —— — — —_ —_ 2.0

Tem. aI Bottom of Water Column (C

DOaITopofWa T oumnmg/l) .

DO at Bottom of Water Column (mg/1) 8.1

Temp. at Top of Water Column (C) . ’
fW

DO at Top of Water Column (mg/l)
DO at Bottom of Water Column (mg/T)
Temp. at Top of Water Column (C)
Temp. at Bottom of Water Column (C)

Sampling ]'?Jautc —
Monitoring Category ) 1-10-92 2-3-04 1-30-95 1-23-96 1-15-57
Tee Cover (meters) 0.20 0.32 0.23 0.41 0.29
Sno Cover (metcrs
DO at Top of Waier Colum.n (mg/l) 34 12.4 7.7 1.0 3.1
DO at Bottom of Water Column (mg/T) 3.3 11.6 4.8 0.8 3.1
Temp. at Top of Water Column (C) 20 1.0 2.5 15 1.0
Temp. at Bottom of Water Column
DO at Top of Water Column {mg/Ty 3.3 7.8
DO at Bottom of Water Column (ing/) 2.9 5.2
Temp. at Top of Water Column (C) 2.0 2.0
Tem p. at Bottom of Water Colu.m.n C
DO at Top of Water Coiumn (mg/l) 5.2 14.4 4.0 6.5
DO at Bottom of Water Column (mg/1) 4.5 — 11.8 2.4 5.5
Temp. at Top of Water Column (C) 2.0 —— 2.0 2.0 0.7
Temp. at Bottom of Water Column (C) 2.5 —— 3.0 2.0 1O

Source: Wisconsin Department of Natural Resources




Table 3-4
Dissolved Oxygen and Temperature Observations from Selected Locations
In the Ambrough Slough Area

Sampling Date

Momtormg Catego 1-10-91 1-27-93 1-15-97

Ice Cover (meters) 0.36

Snow Cover (meters) 0.08

Dissolved Oxygen (mg/l) 12.8

Temperature (C) ] 0.0

= Sem s 5 Frem -

ce Cover (meters) 033 0.40

Snow Cover (meters) 0.10 0.12

Dissoived Oxygen (mg/) 12 4.6

sEiimanEs e i oilis L £ « i

Ice Cover (meters) 0.32 027 0. 24

Snow Cover {meters) 0.10 0.12 0.06

Dissolved Oxygen (mg/) 04 1.0 6.4

Temper ure (C) _ _ ‘

Icc Cover (metcrs) 030 - 0.37 0.37

Snow Cover (meters) ' 0.13 0.12 0.06

Dissolved Oxygen (mg/) 4.5 10.8 9.8

Temperature (C) 2.0

= e o B Mo ke s e e =

Ice Cover (meters) 0.22 0.44 0.37
_ Snow Cover {meters) 0.18 0.12 0.06

Dissolved Oxygen (mg/T) 8.5 82 3.9

fce Cover (meters) ; 0.37

Snow Cover (meters) . 0.06

Dissolved Oxygen (mg/) 6.6

Tee Cover (meters) 0.37

Snow Cover (meters) 0.06

Dlsaolved Oxygen (mg/1) 10.6

Ice Cover (mcters)
Snow Cover (meters)
Dissolved Oxygen (mg/l)
Ternpemture ©)

Ice Cover (meters)
Snow Cover (meters)

Dissolved Oxygen (mg/l)
Teny erature ©)

!ce Cover (meters)
Snow Cover (meters)
Dissolved Oxygen (mg/l)
Tcmperature (<) o

Icc Covcr (mcters)
Snow Cover (meters)
Dissolved Oxygen (mg/)
Temperature (C
e R e A

(s aes
Ice Cover (meters)
Snow Cover (meters)

Dissolved Oxygen (mg/l) 1.2.5 1.1.8 1-4.4
Temperature (C) 0.0 0.4 0.0

Source: Wisconsin Departmeat of Natural Resources
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3.5 VEGETATION

Terrestrial vegetation present on "non-aquatic" areas in the Ambrough Slough study area
is typical of the southern wet-mesic forest type (Curtis 1959). A characteristic feature of
floodplain forests is the alluvial soil constantly deposited in some areas but eroded in others.
Alluvial soils are inundated during flood events, but are usually well drained for much of the
growing season (Shaw and Fredine 1956). Dominant tree species include American elm (Ulmus
americana), silver maple (Acer saccharinum), green ash (Fraxinus pennsylvanica), and
basswood (7ilia americana). Other tree species include river birch (Betula nigra), eastern
cottonwood (Populus deltoides), black ash (Fraxinus nigra), swamp white oak (Quercus
bicolor), red oak (Quercus rubra), white oak (Quercus alba) and black willow (Salix nigra). The
herbaceous groundlayer is commonly composed of jewelweed (Tmpatiens spp.), wood nettle
(Laportea canadensis), poison ivy (Rhus radicans), wild grape (Vitis riparia), cutgrass (Leersia
spp.), and woodbine (Parthenocissus inserta).

Unlike floodplain forests, wooded swamps have soils saturated during much of the
growing season, often inundated by as much as one foot of standing water (Shaw and Fredine
1956). Dominant trees include black ash, red maple (Acer rubrum), yellow birch (Betula
alleghaniensis), and silver maple. The ground layer often contains skunk cabbage
(Symplocarpus foetidus), marsh marigold (Caltha palustr is) and sedges.

Marsh/sedge meadows include low-lying flat, wet areas, covered either partially or
entirely with water and subject to annual flooding. Marsh habitats represent the transition zone
between aquatic and terrestrial habitats and therefore have an interspersion of aquatic, semi-
aquatic and terrestrial species. Dominant plants are reed canary grass (Phalaris arundinacea),
sedges (Carex spp.), bluejoint grass (Calamagrostis canadensis) and a variety of broad-leaved
species including swamp milkweed (dsclepias incarnata), Joe-pye weed (Eupatorium
maculatunt) and boneset (Eupatorium perfoliatum). An overstory layer of tall shrub species, like
red osier dogwood (Cornus stolonifera), button bush (Cephalanthus occidentalis) and Indigo
bush (Amorpha fruticosa), are present.

Aquatic vegetation within the study reach is varied, widely distributed and abundant.
Common emergent species present in the shallower areas include arrowhead (Sagittaria
latifolia), water-lily (Nuphar sp. and Nymphaea sp.), river bulrush (Scirpus fluviatilis), giant bur-
reed (Sparganium eurycarpum), lotus (Nelumbo lutea), smartweeds (Polygonum sp.) and wild
rice (Zizania aquatica). Deeper areas are vegetated with submersed species such as pondweeds

(Potamogeton sp.), coontail (Ceratophyllum demersum), clodea (Elodea canadensjs) and wild
celery (Vallisneria americana).
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3.6 FISH AND WILDLIFE
3.6.1 FISH

The mix of shallow aquatic areas adjacent to running secondary channels provides habitat
for a wide variety of fish. Species adapted to both lentic and lotic conditions are prevalent.
Common species typically found in association with backwater areas include black crappie
(Pomoxis nigromaculatus), bluegill (Leponis macrochirus), northem pike (Esox lucius),
shortnose gar (Lepisosteus platostomus) and bowfin (Amia calva). Species typically found in
association with secondary channel/flowing water habitats include; sauger (Stizostedion
canadense), channel catfish ({ctalurus punctatus), flathead catfish (Pylodictis olivaris),
freshwater drum (Adplodinotus grunniens), redhorse suckers (Moxosfoma sp.), white bass
(Morone chrysops) and carpsuckers (Carpiodes sp.). Other important species which can be found
in both lentic and lotic environments include walleye (S. vitreum) and largemouth bass
(Micropterus salmoides). The more riverine habitats such as those found in lower Ambrough
Slough may also be suited to paddlefish (Polyodon spathula). Carp (Cyprinus carpio) and a
variety of minnows are also commonly found in association with a wide variety of habitats.

Electroshock and net surveys were completed by the Wisconsin DNR at several locations
in the Ambrough Slough complex in 1991/1992. Fish species lists by location derived from
these surveys are provided in table 3-5.

3.6.2 WILDLIFE

.. The interspersion of aquatic, wetland and terrestrial areas in the Ambrough Slough -
complex provides valuable habitat for wildlife including waterfowl, wading birds, and aquatic
mammals. The area is important for waterfowl which utilize the aquatic and wetland habitats for
resting and the wetland and adjacent terrestrial habitats for feeding during migration.

Floodplain forest areas in the project area contain a rich assortment of mammalian species
-particularly those species associated with and dependent on water. Raccoon (Procyon lotor),
muskrat (Ondatra zibethica), beaver (Castor canadensis), river otter (Lutra canadensis) and
mink (Mustela vison) are common inhabitants frequenting woodlands, marsh/sedge meadow
areas and aquatic habitats alike. White-tailed deer (Odocoileus virginianus), red fox (Vulpes
fulva), gray fox (Vulpes cinereoargenteus), opossum (Didelphis virginianus), striped skunk
(Mephitis mephitis), gray squirrel (Sciurus carolinensis), fox squirrel (Sciurus niger), cottontail
rabbit (Sylvilagus floridanus) and various smaller rodent species are also found in bottomland
habitats, most generally in woodland and/or marsh/sedge meadow areas.
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Fish Species Captured by Electroshock and Net within the Ambrough Slough Study Area (RM 638 - 643)

Table 3-5

Species Scientific Name
Shortnose Gar Lepisostens platostomus
Longnose Gar Lepisosieus osseus
Bowfin Amia calva

Gizzard Shad Dorosoma cepedianum
Northem Pike Esox lucius

Carp Cyprinus carpio

Golden Shiner Notemigonus crysoleucas
Smallmouth Buffalo letiobus bubalus

Golden Redhorse Moxostema erythrirum
Shorthead Redhorse Moxostoma macrolepidotum
Spotted Sucker Minytrema melanops
White Sucker " Catostontus commersoni
Highfin Carpsucker Carpiodes velifer

River Carpsucker Carpiodes carpio
Flathead Catfish Pylodictis olivaris
Channel Catfish letalurus punctatus
Yellow Bullhead Ietalurus natalis

Black Bulthead Tetalurus melas

White Bass Morone chrysops
Yellow Bass Morone mississippiensis
Largemouth Bass Micropterus salmaides
Bluegill Lepomis macrochirus
Pumpkinsced Lepomis gibbosus
Warmoulh Lepomis gulosus

Green Sunfish Leponiis cyanelius
Black Crappie Pomoxis nigromaculaius
White Crappic Ponoxis annularis
Rock Bass Ambloplites rupestris
Sauger Stizostedion canadense
Waileye Stizostedion vitreum
Yellow Perch Perca flavescens
Freshwater Drum A pladr‘:lg!m grinniens

Source: Wisconsin Department of Natural Resources
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The river bottomlands serve as breeding areas for many species of marsh dwelling birds.
Extensive wood duck (4ix sponsa) nesting and brood-rearing habitat is available. Hooded
mergansers (Lophodytes cucullatus), mallards (Anas platyrhiynchos), blue-winged teal (Anas
discors), Canada geese (Branta canadensis), and herons, shorebirds and marsh passerines (c.g.,
red-winged blackbird (Agelaius phoeniceus), yellow-throated blackbird (Xanthocephalus
xanthocephalus) and marsh wrens) use forest and marsh areas for nesting and brood-rearing.

Dabbling ducks use shallow backwater areas, feeding on submerged pondweeds and the
secds of emergents. Diving ducks use more open water areas, feeding on submerged pondweeds,
wild celery, mollusks and invertebrates. Many species of waterfow! use the Mississippi River
strictly for roosting, feeding primarily in adjacent upland areas (i.e., comnfields, grain fields).

Backwaters in the project area provide feeding habitat for wading birds from rookeries
both upstream and downstream. An active nesting colony of great blue heron, double-crested
cormorant, and great egret exists at approximately UMR mile 639.6, on the Wisconsin side, in an
area known locally as Voth's Lake. Marsh and shorebird species, passerines, aquatic furbearers,
and reptiles also favor many of the same habitats. Turtle, muskrat, and beaver are commonly
trapped in the biologically rich Ambrough Slough complex.

Information on reptilian and amphibian species that inhabit the area is limited. Turtles,
water snakes, mud puppies, salamanders, frogs and toads are all commonly found in marsh/sedge
meadow areas and aquatic habitats. Turtles make use of sandbar areas as nesting habitat, while
all life stages of mud puppies, salamanders, frogs and toads use backwater sloughs and marshes.

3.6.3 AQUATIC INVERTEBRATES/MUSSELS

Limited information on freshwater mussels is currently available for the aquatic areas in
Ambrough Slough, however, mussel surveys have been completed in Black Slough, Big Missouri
Lake, Spring Lake, Tilmont Lake and Ambrough Slough. Additionally, surveys conducted in the
Harper's Slough area located upstream and across the main channel from Ambrough Slough and
in the East Channel of the UMR at Prairie du Chien may also provide insight into the mussel
resources of Ambrough Slough. While much larger than Ambrough Slough, these secondary

channels should still be indicative of the potential mussel resources which may exist in
Ambrough Slough.

The East Channel of the UMR at Prairie du Chien, W1 provides habitat for one of the
richest populations of mussels in the UMR. Historically, 44 species of freshwater mussels have
been identified from the Prairie du Chien area. Recent studies indicate about 31 species of
freshwater mussels exist in the East Channe! (table 3-6).

Common mussel species which would be expected to occur in Ambrough Slough would

include; threeridge (Amblema plicata), deertoe (Truncilla truncata), pimpleback (Quadrula
pustulosa), pigtoe (Fusconaia flava), threehorn (Obliquaria reflexa), mapleleaf (Quadrula
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Table 3-6
Mussel Species Observed from Areas in Pool 10 near Ambrough Slough

Common Name Seientific Name East Channet ~ Harper's Slough
Mapleleaf Quadrula quadrula yes yes
Wartyback . Quadrula nodulata yes yes
Pimpleback Quadrula pustulosa yes yes
Monkeyface Quadrula metanevra yes no
Pigtoe Fusconaia flava yes yes
Spike Elliprio dilatata yes no
Black Sandshell Ligumia recta yes yes
Fragile Papershell Leptodea fragilis yes yes
Pink Papersheli Proptera laevissima yes yes
Pink Heelsplitter Proptera alata yes yes
Pocketbook Lampsilis ovata ventricosa yes yes
Fat Mucket Lampsilis radiata siliguoidea yes no
Higgins' Eye Lampsilis higginsi yes no
Yellow Sandshell Lampsilis teres yes no
Hickory Nut Obovaria olivaria yes yes
Mucket Actinonaias carinata yes no
Ellipse Aetinonaias ellipsiformis yes no
White Heelsplitter Lasmigona complanata yes no
Butterfly Ellipsaria lineolata yes no
Deertoe Truncilla truncata yes yes
Fawnfoot Truncilla donaciformis yes yes
Threchom Obliguaria reflexa yes yes
Threeridge Amblema plicata yes yes
Rockshell Arcidens confragosus yes no
Washboard Megalonalas gigantea yes yes
Lilliput Carunculina parva yes no
Paper Floater Anodonta imbecillis yes no
Giant Floater Anodonta grandis yes no
Strange Floater Strophitus undulatus yes no
Ohio River Pigtoe Pleurobema sintoxia yes no
Buckhorn Tritogonia verrucosa ves no

Source: Wisconsin DNR and St. Paul District surveys
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quadrula), pocketbook (Lampsilis ovata ventricosa), hickory nut (Obovaria olivaria) and giant
floater (Anodonta grandis). Based on observations from other areas of pool 10 and knowledge of
the habitats where these species are found, there is a good likelihood the Higgins’ eye pearly
mussel (Lampsilis Higgins?), buttertly (Ellipsaria lineolata) and possibly the wartyback
(Quadrula nodulata) may also be present. However, mussel surveys completed in Black Slough,
Big Missouri Lake, Spring Lake, Tilmont Lake and Ambrough Slough did not reveal the
presence of these species. Mussel surveys of project specific areas would be completed as
necessary to ensure mussel resources are identified and project impacts on this resource
minimized.

3.6.4 THREATENED AND ENDANGERED SPECIES

Two Federally listed threatened and endangered species, the bald eagle and the Higgins'
eye pearly mussel, are known to occur in the project area.

The bald eagle may be sighted in the area during migration. Bald eagles occasionally use
trees in wooded floodplain areas for roosting. Bald cagle nesting is known to occur in the project
vicinity.

The Higgins' eye pearly mussel is known from the general area. The East Channel of the
UMR at Prairie du Chien contains a large population of Higgins' eye pearly mussels and is
considered a crifical habitat by the Higging' Recovery Team (Stern et al. 1982). Higgins'eye
pearly mussels have also been collected at the head of Scrogum Island in Roseau Slough Ju':t
downstream from the study area.

The following State threatened and endangered mussel species are listed from Crawford
County, Wisconsin; buckhom (threatened), butterfly (endangered), ebonyshell (endangered),
elephant ear (endangered), Higgins' eye pearly (endangered), monkeyface (threatened), purple
wartyback (endangered), rockshell (threatened), salamander (threatened), spectaclecase
(endangered) and wartyback (threatened)

The ebonyshell, elephant car, salamander and purple wartyback are very uncommeon and
probably do not occur in Ambrough Slough.

3.7 HABITAT TYPES

Following the classification scheme of Wilcox (1993), the most prevalent aquatic habitats
in the Ambrough Slough study area include contiguous floodplain lake, isolated floodplain lake,
secondary channel and main channel border. The important characteristics of these habitat types,
relative to fish and wildlife uses are described below.

Contiguous floodplain lake - Floodplain lakes of the UMR have a diversity of habitat conditions
relative to fish and wildlife uses. Most are shallow depressions, with depths averaging less than
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1 meter. Most usually have some deeper areas (greater than 2 meters) and most are vegetated
with a variety of rooted, floating and submersed aquatic plants. Contiguous floodplain lake
habitat is distinguished from isolated floodplain lake habitat by hydraulic connectivity with the
remainder of the river. Because of their connection to flowing waters, contiguous floodplain
lakes usually have a current through them which can vary in velocity depending on river stage.
The backwater lakes described in Sections 3.2.3 through 3.2.14 are contiguous floodplain lakes.
The contiguous floodplain lakes in the study area are generally abandoned channels. The
"channel” portions of these lakes generally are deep and provide important overwintering habitat.

Isolated floodplain lake - The primary feature distinguishing contiguous floodplain lakes from
isolated floodplain lakes is hydraulic connectivity. Isolated floodplain lakes are not connected to
the remainder of the river under normal pool conditions, although these lakes may form

comnections under high discharge conditions. With the exception of current, which is normally

not present or very minor in isolated floodplain lakes, habitat conditions are similar to contiguous
floodplain lakes.

Secondary channel - Secondary channels are generally large channels which convey less flow

than the main channel. Secondary channel habitat in the study area is characterized by deep

water (typically 1.8 to 5.5 meters), a lack of rooted vegetation except along margins, and flow

under normal pool conditions. Ambrough, Black and Dark Sloughs are representative of this

habitat. Secondary channels are important for maintaining an interspersion and diversity of

habitat types and contributing to the redistrtbution of organic matter and DO. Deeper holes in
1these chdnnel areas provide nnportant wmter habltat for fish,

Mam channel border - Main channel borders are the areas between the navigation channel and .-
the river bank. Channel borders contain the channel training structures (wing dams, closing
dams, revetted banks) and thus a diversity of depths, substrates and velocities can be found in
this habitat type. Normally, channel borders lack rooted aquatic vegetation although vegetation
may be present in isolated reaches.

Navigation channel - Navigation channel habitat is a minimum of 2.7-meters deep and 91.4-

meters wide. No aquatic vegetation is present. Cutrent velocities are much higher in the
navigation channel than in most other habitat types.

The mix of floodplain lake (both isolated and contiguous), flowing channel and terrestrial
habitat present in the Ambrough Slough complex provides a diversity of habitat conditions.
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3.8 CULTURAL RESOURCES

- The project area is included within the Lowland Floodplain District as defined by
Stoltman and Theler (University of Wisconsin-Madison) in their 1979-1980 archaeological
survey of pool 10. It includes both land and water below an elevation of approximately 620.0.
Within the Prairie du Chien region, this covers an area of about 15 square miles of the
Mississippi River bottom in the less inundated portion of pool 10. At normal pool levels,
approximately 40% of this area is water. The remaining 60% is comprised of low extensions of
the Prairie du Chien terrace and irregularly shaped islands. The islands are dominated by levee
formations bordering either present water bodies or past river channels. At normal pool level, the
levees stand about 5-10 feet above the water and are typically long and narrow. Although
considerable erosion has occurred since the installation of Lock and Dam 10 at Guttenberg 15
miles downstream, the 1890's Mississippi River Commission maps show that the present island
configurations are very similar to those predating the lock and dam.

Before the lateral erosion of the islands by fluctuating water levels and wave action, the
fluvial processes had apparently been depositing alluvium, building the levees and burying
archaeological sites since the end of the Archaic Period. Archaecological deposits are exposed in
the eroding leyee banks, often buried from 0.5-2.0 meters below the modern surface.

The area is exiremely rich archaeologically (Effigy Mounds National Monument is on the
. adjacent Jowa shore), and a number of archaeological shoreline surveys and other investigations
have been made in the lowlands. James Stoltman of the University of Wisconsin-Madison and
James Theler surveyed in the UMR Wildlife and Fish Refuge in 1979-1980, Robert Boszhardt.of
. MVAC in 1982, David Overstreet of the Great Lakes Archacological Research Center in 1984,

" and Richard Wahls (University of Wisconsin-Madison) in 1988. At least fourteen sifes are
known from the shorelines of the project area. Seven of these are listed on the National Register
of Historic Places, and others are potentially eligible. Typically, the sites in this area are buried

~ sites and shell middens, formerly occupying the higher ridges of the levees, and now deeply
buried. These levees were evidently rather heavily occupied between about 500 B.C to A.D. 500.,
and sporadically both before and after this time span. The major periods represented are Early
Woodland and Middle Woodland/Effigy Mounds. Thousands of years of occupation are
represented -- one site (CR 0349) is reported as having a Late Paleolithic component (ca 7000
B.C.) Several sites also have Late Woodland and Historic components.

In 1995, the Tilmont site (CR 460) was test-excavated by the University of Wisconsin-
Madison. This site is located n an island on Tilmont Lake in the Ambrough Slough project area.
The excavation revealed deeply buried strata with well-preserved cultural remains dating
primarily to the Middle Woodland and Early Woodland period. Significantly, the site had been
used for burials in both Late and Middle (and possible Early Woodland) times. A large and well-
preserved mortuary feature containing the remains of at least 29 people and about 2000 years old
was discovered at a depth of about 1.5 meters. This is underlain by earlier occupations.

The rich archaeological complex in the project location, including the river islands,
necessitated careful testing of the areas of the project that could affect archaeological sites, The
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COE conducted an archaeological sutvey of the Dillman field proposed for dredged matenal
disposal, and the peninsulas to be restored. Since many archaeological deposits have been found
buried in the floodplain in this vicinity, the edges of lakes proposed for dredging were also
investigated by taking cores in the lake shallows (Frank Florin and Thomas Madigan, 2000, Phase /
Cultreral Resourass Imestigation of Ambrough Slough E rvironmental Management Program Project, Mississippt
Riwer Pool 10, Crauford Courty, Wisconsin. Hemisphere Field Services Report of Investigation Number
608. Minneapolis.) In addition, the Toberman and Hunzeker fields were surveyed for cultural
resources. This investigation included deep coring to determine the structure of the alluvial fan
complex underlying these two fields. '

The cotes taken at nine locations in the lake shallows showed no evidence of former intact
surfaces to a depth of 2.5 meters below water sutface. The pre-Holocene surface was encountered in
one core, but well below the depths to which the lakes will be dredged. The survey of the peninsulas
found no archaeological deposits.

The Dillman field survey identified three prehistoric archaeological sites (47 CR 616, 47 CR
617, and 47 CR 618). These sites are small lithic scatters that cannot be assigned a cultural context
because of the lack of diagnostic artifacts. These sites, though unevaluated, are potentially eligible
for listing on the National Register of Historic Places. Sites 47 CR 616 and 47 CR 617 are located
on an alluvial fan in the northeastern edge of the Dillman field. Site 47 CR 618 is in the
southeastern part of the field, and is situated some 100-110 cm below the ground surface.

The survey of the Toberman and Dillman fields revealed no evidence of archaeological sites
on the sutface. Deep coring was undettaken to determine the possibility of ancient surfaces within
the alluvial fan that may have supported human occupation. The Toberman field is on the highest
fan surface. Five deep cores revealed a moderate to low potential for buried archaeological deposits.
The Hunzeker fan surface is historic in age. A buried soil is present-beneath 150 cm to 180 cm of
historic alluvium. The cores buried A horizon yielded lithic artifacts (thinning flakes) indicating the

presence of an archaeological site underlying the historic alluvium,
The Pedretti field area contains two large known sites: 47 CR 127 (Pedretti IIT) and 47 CR

22 (Pedretti IT) Pedretti ITI is 2 National Register eligible mound site containing Middle to Late
Woodland effigy mounds. Pedrettt IT is also a Woodland mound site,
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3.9 SOCIOECONOMIC/RECREATION

The Ambrough Slough study area lies approximately 8 kilometers north of Prairie du
Chien, Wisconsin, which has a population of about 7,000. The communities of Marquette and
McGregor, Iowa, are located across the river from Prairie du Chien. There is residential
development around portions of Gremore Lake in the lower reaches of the study arca. There are
scattered homes along Wisconsin State Highway 35 which parallels the eastern boundary of the
study area. There is also cottage development along the lowa shoreline at the mouth of Harper's
Slough, across the main channel from the upper portion of the study area.

The predominant recreational use of the Ambrough Slough area is for fishing and
hunting. Gremore Lake, Tilmont Lake, Big Missouri, Fish Lake, Upper and Lower Doubles
Lakes, and Spring Lake are all popular fishing areas. There are three boat access points on
Gremore Lake, two access points on Ambrough Slough, and two access points on the Wisconsin
side of main channel within 3 kilometers upstream of the study area. There is a boat access on
Harper's Slough, as well as a number of access points in the Prairie du Chien area.

The Ambrough Slough area is popular for waterfowl hunting, deer hunting, and small
game hunting. Though most of the study area lies within the Upper Mississippi River National

Wildlife and Fish Refuge, no portion of the area is designated as a closed area for waterfowl
hunting.
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PROBLEM IDENTIFICATION

4.1 EXISTING HABITAT CONDITIONS
The general habitat types present in the Ambrough Slough complex have been described

in Section 3.7. The distribution of aquatic habitats is presented in table 4-1.

Table 4-1
Distribution of Aquatic Habitats in the Ambrough Slough
Study Area (RM 638-643)

HABITAT TYPE AREA (ha)

Contiguous Floodplain Lake

Abandoned Channel Lake 388
Isolated Floodplain Lake

Abandoned Channel Lake 44
Main Channel

Channel Border ‘ 115

Navigation Channel 50
Secondary Channel R 132
Tertiary Channel 3
Total Aquatic 732
Non-Aquatic 969

TOTAL 1,701

Source: EMTC and St. Paul District GIS

The mix of floodplain lake (both isolated and contignous), flowing channel and terrestrial
habitat present in the Ambrough Slough complex provides a diversity of habitat conditions. On a
macro-habitat scale, the distribution of habitat types is suitable for supporting an abundance of
fish and wildlife species, and indeed the Ambrough Slough complex is considered by local
resource managers as highly productive. However, on a micro-habitat scale, conditions such as
winter DO levels, current velocities and temperatures, the presence/absence of cover, or adequate
water depths within the various habitat types appear to be seasonally sub-optimal, creating
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habitat "bottlenecks" which may be limiting the abundance of fish and wildlife species. A review
of the potential habitat "bottlenecks" follows.

Habitat conditions for backwater fish species in the Ambrough Slough complex are
seasonally suboptimal. Monitoring of DO concentrations reveals many areas experience oxygen
depletion during the winter. Diurnal dissolved oxygen swings have also been observed in
Ambrough Slough during the summer, though recent increases in flows due to Black Slough
contributions may have ameliorated these conditions to a large degree. Wintertime dissolved
oxygen depletion and summertime diurnal swings can be attributed to one or more of the
following factors: lack of adequate water depth, respiration demands of aquatic vegetation,
and/or lack of flow through many of the backwater lakes.

While the backwater lakes in the complex share a common hydraulic connection
(Ambrough Slough), each has its own unique set of environmental conditions that can inpact the
quality of habitat available. A qualitative assessment of wintertime conditions important to
backwater fish species is presented in table 4-2. As table 4-2 indicates, most of the lakes in the
Ambrough Slough complex have some type of wintertime habitat deficiency.

Backwater complexes such as Ambrough Slough are often referred to as "centrarchid
habitat" due to relatively low velocity, lacustrine or lake-like conditions present. However, many
other species of fish use protected off-channel lacustrine habitat, either exclusively or for part of
their life cycle. Riverine fish species would include, for example, redhorse, freshwater drum,
catfish, shovelnose sturgeon, paddlefish, walleye, and sauger. Deeper sloughs and channels with
moderate current velocities (like Ambrough and Black Sloughs) provide habitat suitable for
riverine fish species. Some riverine species also use aquatic vegetation communities located in
the main channel border, river lake, or backwater wetlands to meet part of their life requirements.

A key component of "riverine” type habitat is cover, which provides velocity shelters and
ambush sites for riverine species. In that Ambrough Slough is representative of the habitat
conditions present prior to impoundment, it is intuitive that some suitable habitat is present for
riverine species. However, it is unknown whether all habitat features needed by riverine species
are present in the Ambrough Slough complex or are of optimum quality and quantity.

The extent of freshwater mussel habitat in the study area is currently unknown. However
as with habitat for riverine fish species, Ambrough Slough is representative of conditions

existing on the UMR prior to impoundment, and thus likely provides some habitat for freshwater
mussel species,

-

Habitat diversity and quality in the Ambrough Slough complex are considered good to
excellent for most migratory water birds, neotropical migrants, marsh and shore birds, bald
eagles, and turtles.
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Table 4-2
Qualitative Assessment of Wintertime Habitat Conditions* in
Floodplain Lakes of the Ambrough Slough Study Area

£

Lake Current Velocity Depth
Voth's adequate suboptimal
Big Missouri adequate suboptimal
Spring adequate suboptimal
Roulette adequate suboptimal
Upper Doubles adequate suboptimal
Lower Doubles suboptimal suboptimal
Fish suboptimal suboptimal
Fluke's suboptimal suboptimal
Tilmont adequate adequate
Gremore optimal optimal

* Assumes normal winter flows and water levels.




4.2 HISTORICALLY DOCUMENTED CHANGES IN HABITAT
4.2.1 PRE-LOCK AND DAM CONDITIONS

The primary sources of information conceming pre-lock and dam conditions in the study
area are a Mississippi River Commission map based on survey data from 1893-94, 1927 aerial
photographs, and the Brown Surveys (1929-30).

- The Mississippi River Commission map shows the basic pattern of sloughs and ponds in
the study area that exist today. Because water levels were lower under this pre-impoundment
condition, Voth's Lake, Big Missouri Lake, Upper and Lower Doubles Lakes, Fish Lake, and
Roulette Lake appear as isolated or semi-isolated ponds. Black Slough does not appear on this
map. The map shows the floodplain vegetation as a mosaic of marsh and forest. There may have
been some isolated farming going on in the area at this time.

The aerial photos from 1927 show agricultural activity in the study area, Agricultural
activity is evident along the left bank of the river from above Sioux Bayou nearly down to the
current Black Slough opening. A fanmstead or other buildings appear on the river bank
northwest of Voth's Lake.

Ambrough Slough is readily evident in these photographs. Most of the arcas labeled as
lakes on current maps appear as isolated ponds surrounded by marsh. Gremore Lake appears as a
deep marsh/shallow lake with a lot of aquatic vegetation.

The only thing noteworthy about the Brown Survey map (1929 30) is that it confirms.the
presence of buildings northwest of Voth's Lake. :

4.2.2 POST LOCK AND DAM CONDITIONS
Lock and Dam 10 was completed in October 1936 and placed in operation in November
1937. Most information concerning habitat changes after lock and dam construction comes from

a series of aerial photographs. Table 4-3 summarizes the dates of photographs used to evaluate
post-lock and dam changes.
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Table 4-3
Post-Lock and Dam 10 Aenal Photography

) Water Surface
Date Elevation
o (m) ()

October 20, 1938 186.7 612.5
September 26, 1940 186.4 611.7
August 7, 1947 186.6 612.1
October 30, 1964 186.5 611.8
September 12, 1973 186.8 612.9
September 17, 1984 (IR) 186.9 613.2
September 10, 1989 (IR) 186.8 613.0
September 6, 1994 (IR) 186.8 613.0

(IR) - color infrared photographs

The October 1938 and September 1940 photographs show conditions as they existed for
the first few years following the creation of pool 10. In these eatly post-lock and dam
photographs the increase in the amount of water area associated with the creation of pool 10 is
readily evident, as is the increased connectivity between backwater areas and running sloughs
such as Ambrough Slough. Areas that were previously farmed are still very evident on-these
photographs. - '

By the time of the August 1947 photographi, pool 10 had been in existence for ten years.
Most of the areas that were farmed during the pre-lock and dam era still appear as relatively open
areas. No significant invasion by woody species is evident. By October 1964, most of the pre-
lock and dam farmed areas have become wooded. The 1973 and later aerial photographs do not
show any significant changes in the general land cover in the study areas. Undoubtedly there has
been some additional succession to forest habitat since 1973, but not on the scale that occurred
during the 1938-64 period.

Detecting aquatic vegetation on aerial photographs is highly dependent on the time of
year, type of photograph, type of vegetation, etc., and the aerial photographs for the Ambrough
Slough/Gremore Lake area are no exception. However, some general observations can be made.
Only limited aquatic vegetation is evident on the 1938 and 1940 photographs, the only
exceptions being Upper and Lower Doubles Lakes which show considerable coverage by
emergents or floating-leaved plants.

The 1947 photo shows some aquatic vegetation around the perimeters of most of the
water bodies in the study area. The 1964 photograph shows much the same, with Upper and
Lower Doubles Lakes, Spring Lake, and Gremore Lake showing the most vegetation. The 1973 .
photo shows less aquatic vegetation, though this may be a function of slightly higher water levels
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at the time of this photograph. Again, Upper and Lower Doubles Lakes show the most
vegetation.

Aquatic vegetation is evident in most of the lakes in the study arca in the 1984
photograph, more so than in many of the earlier photos. This may be a function of the use of
color IR photography. Upper and Lower Doubles Lakes show the most vegetation, with Voth's
Lake, Roulette Lake, and Spring Lake also showing substantial amounts of aquatic vegetation.

Aquatic vegetation is highly evident in most lakes in the 1989 photograph and there
appears to be a considerable amount of emergent vegetation around the perimeters of most lakes.
The years 1987 through 1989 were dry years, and the more abundant emergent vegetation in the
1989 photographs may be a function of the drier conditions during this time period. Aquatic
vegetation is again highly evident in most lakes in the 1994 photographs, the exceptions being
Roulette Lake, Tilmont Lake and Gremore Lake.

The photographic record seems to indicate more prevalent aquatic vegetation over the last
10-15 years, though this may be a function of the use of color IR photography. Tt is more likely
that presence and abundance of aquatic vegetation in these lakes has fluctuated through the years
with annual changes in river conditions. The only noticeable long term trend is that Upper and
Lower Doubles Lake consistently show the presence of aquatic vegetation in nearly every
photograph, while conversely, Tilmont Lake and Gremore Lake tend to show less aquatic
vegetation in most of the photographs. The later may be a function of Tilmont and Gremore
~ - Lakes being slightly deeper. They would be less likely to support the emergent or floating-leaved |
aquatic vegetation that readily shows up on aerial photographs. :

Plate 9 compares 1940 land/water area with 1994 land water area. It is evident that there
has been localized erosion and aecretion, but no significant change in the land water distribution.

In summary, the historic aerial photographs lead to the following general conclusions
concerning post-lock and dam changes to the study area.

a. The creation of pool 10 increased the surface arca of the water bodies in the study
area, and increased the connectivity between backwater lakes and ponds and running sloughs. (It
would be logical to assume that water depths increased also).

b. Areas that were farmed during the pre-lock and dam era have become forested, with
most of the coriversion from farm land to forest taking place during the first 25 years post-lock
and dam completion.

c. While sedimentation has probably taken place in backwater habitats, it has not

occurred to the degree that there has been any appreciable conversion of aquatic habitat to marsh
habitat.

d. The only marked change to flowing habitats has been the cutting of a new channel
by Black Slough.
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4.3 FACTORS INFLUENCING HABITAT CHANGE

The following are the primary factors that have and/or are affecting habitat change in the
Ambrough Slough area.

- water level regulation

- Federal land ownership

- sedimentation

- vegetative succession

- natural hydraulic processes
- changes in river discharge

4.3.1 WATER LEVEL REGULATION

With the initiation of Lock and Dam 10 operation in November 1937, water levels
became regulated for the purpose of providing adequate depths for commercial navigation. Plate
10 is a rating curve for the study area showing pre- and post-Lock and Dam 10 river elevations.
The 283 cms to 1,416 cms (10,000 to 50,000 cfs) range would be the range of discharges
common to most growing seasons. As can be seen, water levels at low discharges were increased
by about 1 meter. Above flows of about 1,019 cms (36,000 cfs) and above, post-lock and dam
water surface elevations arc lower. At the higher discharge levels not shown on the plate, the
two lines would become roughly parallel about .3 meter apart.

The géneral effects of the change is water surface elevation are as follows:

“a. An increase in the low water surface elevation by about 1 meter which accounts for
the increased water surface area in the study area, and a general increase in wetland area. This
also increased the permanent connectivity between backwater lakes and flowing sloughs and
channels.

b. A general reduction in the elevation of flood events by about .3 meters, which may
have an effect on the vegetation characteristics of the study area.

c. A flattening of the river slope which reduces the energy available for the river to
change its geomorphology through scour. This flattening of the river slope also contributes to
increased rates of sedimentation.

4.3.2 FEDERAL LAND OWNERSHIP

The purchase of much of the study area by the Federal government for the Upper
Mississippi River National Wildlife and Fish Refuge halted all development on the purchased
land. As noted earlier, portions of the study area were being farmed in the 1920's. It is likely that
had the Federal government not acquired this area, agriculture and timber harvesting would
probably have continued. This is discussed further under "Vegetative Succession" below.




4.3.3 SEDIMENTATION

As noted carlier, creation of pool 10 resulted in a flattening of the river slope, reducing
the river's energy. This in turn has increased the sedimentation rate in the floodplain. The rate of
sedimentation in the Ambrough Slough backwaters has not been assessed. Studies conducted
under the GREAT I study indicated general backwater sedimentation rates in pool 10 of 3.5
centimeters/year for the period 1955-1963 and 4.2 centimeters/year for the period 1963-1975
(McHenry, Riichie, and Verdon, 1976, in GREAT 1 Vol 4., 1980). However, the GREAT [ study
also compared aquatic habitat changes between 1939 and 1973, and that evaluation showed little
loss of aquatic habitat in the Ambrough Slough/Gremore Lake area during that period. In fact,
there was a general increase in aquatic habitat due to erosion. Thus, it is probable that the
scdimentation rate in the Ambrough Slough backwaters has been somewhat lower than the rates
shown by McHenry, Ritchie, and Verdon (1976) for pool 10 in general.

4.3.4 VEGETATIVE SUCCESSION

The change in the vegetation character of the study area is readily evident from historic
aerial photographs. Most of this can be accounted for by vegetative succession. The purchase of
the area by the Federal government resulted in the end of agricultural land use. The old farm
fields have revegetated with forest vegetation.

While the initial inundation of portions of the study area would have resulted in a sudden
change in the character of the water bodies, subsequent sedimentation is expected to result in
slow successional changes as shallow aquatic areas fill in and become marsh. These areas
eventually may become forested.

4.3.5 HYDRAULIC PROCESSES

Even though the construction of navigation control structures and the creation of pool 10
has had an affect upon natural riverine processes, it has not eliminated them. Processes such as
channel cutting, channel abandonment, and bank erosion are still occurring. The most evident of
these changes over the last decade or so has been the cutting of a new channel by Black Slough
accompanied by the abandonment of a portion of its former channel.

4.3.6 CHANGES IN RIVER DISCHARGES

In 1999, local citizens expressed concern that regulation of pool 10 was resulting in the
loss of trees along the water’s edge, which led the St. Paul District to investigate this situation.
Prior to 1971, the allowable drawdown at Lock and Dam 10 was 0.61 meters (2 feet). In 1971,
the allowable drawdown was reduced to 0.30 meters (1 foot) and it was surmised that this change
may have resulted in higher pool levels, resulting in the tree loss. A review of average water

surface elevations based on annual data and growing season data produced the results shown in
table 4-4.
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Table 4-4
Average Water Surface Elevations - L/D 10 and McGregor Gage

McGregor
Data Set Time Period L/D 10 Elev. Gage Elev.
Average Annual Data 1944-1970 186.17 186.95
1972-1998 186.24 (+.07) 187.24 (+29)
Average for Growing Season* 1944-1970 186.20 186.88
1972-1998 186.23 (+.03) 187.07 (+.19)

* June 15 through September 15

As would be expected from the change in operation, the average elevations at /D 10
increased by 0.03 to 0.07 meter, depending on the data set used. The increase at the McGregor
gage was 0.19 to 0.29 meter. If the increase was solely the result of the change in operation, then
the increase at L/D 10 should have been greater than the increase at the McGregor gage, as the
effects of pool.regulation are moderated proceeding upstream from the dam. This led to further
investigation into other factors that could be at play such as increased flow rates, geomorphic

changes such as sediment deposition, or increases in floodplain roughness due to changes in plant
communities.

Changes in discharge were analyzed because of the data available in the St. Paul District -
"Water Control data base. Available data in computerized form only extended back to 1959 so
that was as far back as the analysis was performed. The records were hroken into three time -
periods to determine if there were any trends in discharge. The results are shown in table 4-5.

Table 4-5
L/D 10 Discharge (¢cms) during the Period 1959-1995
Data Set . _ 1959-70 ' 1972-83 1984-95
Average Annual Data 1,176 1,39 1,523
Average for Growing Season 911 1,246 1,471

As can been seen, the average discharge in pool 10 has increased over the past few
decades, increasing by about 30 percent when annual data are used and by about 60 percent when
growing scason data are used. The conclusion of the analysis was that most of the increase in
average water surface elevations observed at Lock and Dam 10 was the result of the operational

change, but that the increase in average water surface elevations at the McGregor gage was more
the result of an increase in river discharges.

What this analysis indicates is that river discharges change over time and these changes
probably effect fish and wildlife habitats in a subtle manner. Habitat changes resulting from river
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discharge trends probably occur at such a slow rate that they are not discernable unless they are
targeted by specific investigations looking for these changes.

4.4 ESTIMATED FUTURE HABITAT CONDITIONS

Over the next 50 years, the basic land/water character of the study area-is not expected to
change significantly. There may be localized changes in the flowing sloughs, but their basic
location is not likely to change. The areas that are backwater lakes are expected to remain
backwater lakes, Their character may change due to sedimentation and vegetative succession.

Most of the non-water/ non-matsh areas in the study area are covered by forest vegetation.

It is expected that these areas will remain wooded, though the species composmon may change as
these areas Contlnue to mature.
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PROJECT OBJECTIVES

5.1 INSTITUTTIONAL FISH AND WILDLIFE MANAGEMENT GOALS
5.1.1 UPPER MISSISSIPPI NATIONAL WILDLIFE AND FISH REFUGE

Fish and wildlife management goals and objectives for the area fall under those
defined more broadly for the Upper Mississippi River National Wildlife and Fish Refuge,
and those designated specifically in the Refuge Master Plan. The management objectives
of the Upper Mississippi River National Wildlife and Fish Refuge which apply most
directly to the study area include:

Environmental Quality

+ Reduce the adverse impacts of resuspension and movement of sediments within the
project area.

+ Eliminate or reduce adverse impacts of water quality degradation.
Migratory Birds

+ Restore species that are in critical condition (such as canvasbacks) and achicve
*national population or distribution objectives. :

+ Maintain or improve habitat of migrating waterfowl using the Upper Mississippi
River.,

+ Contribute to the achievement of national population and distribution objectives
identified in the North American Waterfowl Management Plan and flyway management
objectives. '

+ Maintain or improve habitat for other migratory birds.
Fisheries and Aquatic Resources

+ Maintain and enhance, in cooperation with the States, the habitat of fish and other
aquatic life (furbearers, reptiles, amphibians, and invertebrates) on the Upper Mississippi
River.

Because the study area is within the Upper Mississippi River National Wildlife
and Fish Refuge, these management objectives, together with input from State and
Federal agency natural resource managers, were used to guide the development of
specific project objectives. However, this study is only one part of a larger cooperative
natural resource management effort on the river. The long-term effectiveness of any
project will eventually be evaluated from such a system-wide perspective.
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3.1.2 WISCONSIN DEPARTMENT OF NATURAL RESOURCES

Wisconsin Department of Natural Resource management goals are broadly
defined in a strategic plan for Mississippi River management (Wisconsin DNR, 1992).
The goals contained in the strategic plan most applicable to this study are:

+ Protect, enhance, and restore the diverse riparian, terrestrial, wetland and aquatic
communities within the River corridor emphasizing a system-wide approach.

+ Reduce shoreline erosion, sedimentation and resuspension problems within the
River corridor. '

3.2 PROJECT GOALS AND OBJECTIVES

GOAL A: Improve habitat conditions for backwater fish species at four locations
greater than 15 hectares each in the Ambrough Slough/Gremore Lake complex.

Habitat conditions for backwater fish species in the Ambrough Slough/Gremore
Lake complex are suboptimal. Monitoring of winter habitat conditions shows that many
areas within the complex become anoxic during the winter and experience wide diurnal
dissolved oxygen swings during the summer. The dissolved oxygen depletion and
- diurnal lows can be attributed to one or more of the following factors: lack of adequate
water depth, respiration demands of aquatic vegetation, and/or lack of flow through many
of the backwater lakes. Improving habitat conditions for backwater fish species i this .
. area is a high management priority of the Wisconsin DNR.

Providing suitable, high quality backwater fish habitat in more than one area
creates a complex of greater diversity and usable habitat. While the backwater lakes in
the complex share a common hydraulic connection (Ambrough Slough), each has its own
unique set of environmental conditions that can impact the quality of habitat available.
Providing suitable habitat at several sites ensures that the backwater fish community will
be productive within the complex if one or more backwater lakes experience a decline in
habitat quality due to environmental conditions that cannot be controlled.

Backwater complexes such as the Ambrough Slough/Gremore Lake complex are
often referred to as "Centrarchid habitat” due to the research emphasis on these species.
However, many other species of fish use protected off-channel lacustrine habitat, cither
exclusively or for part of their life cycle. Therefore, the habitat objectives for Goal A
were developed based on existing knowledge of backwater fisheries habitat as it pertains
to Centrarchids with the assumption that other species will also benefit by providing
quality Centrarchid habitat.
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OBJECTIVE A1l: Create or enhance overwintering (November - March) habitat at four
locations meeting the following criteria:

a. Dissolved oxygen levels > 3 mg/l, and preferably > 5 mg/1.*

b. Current velocity < 1.0 cm/sec over approximately 80 percent of
the area.*

c. Water temperatures at the following approximate distribution:

(1) 2-4 degrees C over 35 percent of the arca
(2) 1-2 degrees C over 65 percent of the arca*

d. Diversity of depths with maximum "edge" along water > 1 meter
deep. Water depths should have the following approximate
depth distribution:

(1) 0.0 to 1.0 meter < 20 percent of the area
(2) 1.0 to 2.0 meters over 50 to 70 percent of the arca
(3) >2.0 meters > 10 percent of the area

e. Structural cover present.

* These water quality parameters can vary with depth This was taken mto account in
- the planning of project features to meet these criteria.

Water quality standards for dissolved oxygen are 5.0 mg/l. However, study of
winter dissolved oxygen requirements for Centrarchids generally show that levels greater
than 3.0 mg/l are acceptable for survival. Studies have shown that the winter current
velocities of less than 1.0 cni/sec are desirable for Centrarchids. Current velocities of less

than 1.0 cm/sec over 80 percent of the winter habitat was considered reasonable and
sufficient for fish survival.

Water temperatures of 4 degrees C over 100 percent of the water body would be
the optimum condition. However, in shallow riverine backwaters this seldom occurs and
likely would be impossible to accomplish. The criteria selected were considered
reasonable for fish survival and within the realm of what may be practical to accomplish.

Generally, acceptable winter water temperatures are related to low current
velocities. High current velocities are an indicator of flow through a backwater, and the
source of this flow usually is flowing channel where the water temperatures are colder,
near or at 0 degrees C in some instances. If sufficient cold water enters a backwater, over
time, the backwater will be cooled to a temperature unsuitable for Centrarchids.

Water depths are related to the other criteria in that the greater the water depths,
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the greater the possibilities of meeting the dissolved oxygen and temperature criteria. In
addition, greater depths provide additional cover for fish. In the other extreme, excessive
water depths can cause stratification and associated dissolved oxygen depletion problems.
The criteria selected were considered a good "mix" of depths of backwater habitats and
within the realm of what may be practical to accomplish.

While water depths are one component of cover, structure in the form of aquatic
vegetation, woody debris, and rock also provide cover. How important cover is to winter
habitat quality relative to the other criteria is not known. However, anecdotal
observations of fish habitat preferences indicates they prefer locations with structural
cover if dissolved oxygen, current velocities, and water temperatures are within their
tolerance ranges.

OBJECTIVE A2: Create or enhance summer habitat at several locations meeting the
following criteria:

a. Dissolved oxygen levels > 5 mg/l.

b. Current velocity < 1.0 cm/sec over 40 percent of the area.

o

. Open water: aquatic vegetation ratio in the range of 40:60 to 60:40.

d. Water depth > 1.0 meter over 50 percent of the area.

4}

. Structural cover present.

=

Within 3 kilometers of overwintering habitat.

Water quality standards for dissolved oxygen are 5.0 mg/l. This is considered a
reasonable criteria for summer habitat conditions. Summer current velocities of less than
1.0 cm/sec are desirable for Centrarchids. However, the fish can more easily tolerate
higher current velocities during the summer, and usually have more options in terms of
moving to areas of lower current velocities. Therefore, a current velocity of less than 1.0
cm/sec over 40 percent of summer habitat was considered reasonable,

Agquatic vegetation is an important component of fish habitat as a substrate for
food items and as cover from predators. Insufficient aquatic vegetation usually results in
an insufficient forage base and a lack of cover for both forage species and young-of-the-
year of larger species. Too much cover interferes with foraging patterns and provides too
much protection for small fish from predators. Aquatic vegetation cover in the range of
40 to 60 percent is considered the optimum range for most Centrarchid species.

Water depths provide cover in the form of reduced light penetration. In addition,

deeper water provide cooler waters. The critetia selected were considered reasonable for
backwater habitats and within the realm of what may be practical to accomplish.
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Structural cover is considered important for the reasons discussed previously.

Available evidence indicate that summer and winter habitat for Centrarchids
should be within reasonable distance such that the fish can "find" the suitable winter
habitat prior to the onset of ice cover. While larger Centrarchids such as the largemouth
bass may migrate long distances to find suitable habitat, most Centrarchids are relatively
non-migratory, remaining in relatively small areas most of their lives. Available
evidence indicates that the distance between summer and winter habitats should be 3
kilometers or less. ' '
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GOAL B: Maintain and/or enhance habitat for riverine species of fish and mussels
in the Ambrough Slongh complex.

Riverine fish species would include, for example, redhorse, freshwater drum,
catfish, shovelnose sturgeon, paddlefish, walleye, and sauger. Habitat suitable for
riverine fish species were present in the deeper sloughs and associated channel borders
that existed prior to inundation by the navigation pools, and persist today in the
Ambrough Slough/Gremore Lake complex. Some riverine species also use aquatic
vegetation communities located in the main channel border, river lake, or backwater
wetlands to meet part of their life requirements.

The extent of freshwater mussel habitat in the Ambrough Slough/Gremore Lake
complex is currently unknown. If further study indicates existing habitat is adequate, the
goal will be to maintain this habitat. If further study indicates freshwater mussel habitat
is lacking, measures to enhance this resource should be identified and evaluated.

No numerical goal has been established as no specific thresholds have been
defined concerning how much habitat is required within the Upper Mississippi River to
meet the needs of these species. Any habitat improvement for these species should
benefit their population levels.

OBJECTIVE B1: Provide 25 to 40% cover in flowing channels within the Ambrough
Slough complex.

An important component of fish habitat in flowing channels is structural cover in
the form of rock, undercut banks, woody debris (logs and snags), and aquatic vegetation.
Percent cover is the parameter most commonly used to represent structural cover. No
single value would be optimum for all species. A range was selected to represent the
preferred conditions for the common species representative of this habitat type.

OBJECTIVE B2: Protect and/or enhance existing mussel habitat in the Ambrough
Slough/Gremore Lake complex as opportunities present themselves.

Information concerning existing mussel resources and habitat in the study area is
limited. As more information becomes available conceming mussel resources and habitat,
measures should be considered for the protection of these resources or to take advantage
of opportunities for improving habitat conditions.
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GOAL C: Maintain and/or enhance habitat for migratory water birds.

Habitat diversity and quality in the Ambrough Slough/Gremore Lake complex are
considered good to excellent for most migratory water birds. The goal is to maintain this
high level of habitat quality and take advantage of any opportunities that may arise to
enhance habitat quality.

OBJECTIVE C1: Provide food resources to meet the needs of water birds during spring
and fall migration through the following;:

a. Maintain existing areal extent of water depths of 1.0 meter or less.
b. Maintain existing areal extent of water depths of 0.5 meter or less.
c. Maintain dissolved oxygen above 1 mg/l during later summer and winter.

The three most important sources of food for migratory water birds are submersed
“aquatic plants (wild celery, sago pondweed, coontail, etc.), emergent aquatic plants
_(arrowhead, wild rice, bulrush, smartweed, etc.), and aquatic invertebrates (mayfly
‘larvae, fingernail clams, chironomids, etc.). There are a multitude of factors that can

affect the productivity of these food resources. The above criteria were developed as
they apply to a wide variety of food resources and/or are parameters that can be managed
to some degree.

- One of the more important.factors affecting the distribution of submersed aquatic
plants is the depth of the photic zone. The Ambrough Slough complex contains an -
abundance of shallow water within the photic zone. Maintaining the existing extent of
areas less than 1.0 meter in depth should insure adequate area for the growth of
submersed aquatic plants.

An important factor affecting the distribution of emergent aquatic plants is having
shallow water less than 0.5 meter deep. The Ambrough Slough complex contains an
abundance of shallow water with depths suitable for the growth of emergent aquatic
vegetation. Maintaining the existing extent of areas less than 0.5 meter in depth should
insure adequate area for the growth of emergent aquatic plants.

An important consideration in the productivity of many invertebrate food
organisms is that they have sufficient dissolved oxygen for survival. A dissolved oxygen
concentration of 1 mg/l is considered adequate most aquatic invertebrates for survival.

Other factors were identified by resource managers as important in the
productivity of aquatic plants and aquatic invertebrates. These were current velocity and
sediment composition. Current velocity requirements for the wide variety of aquatic
plants found in the Ambrough Slough complex are not particularly well known, other
than in a general sense. Establishing numerical current velocity criteria for aquatic plants
in this complex system is considered impractical. Because aquatic plant growth in the
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study area is relatively good, it is assumed that the existing distribution of current
velocities is within the tolerance range of the plants found there, In the planning of
project features, measures that would result in significant current velocity changes will be
evaluated for their potential effect on aquatic plants and aquatic invertebrates.

Sedimentation and the distribution of sediment types is generally a result of large
scale hydrologic events on the Mississippi River over which there is little or no control.
Establishing numerical criteria relative to sedimentation and the distribution of sediment
types is considered impractical for this area. Tn the planning of project features, measures
that would result in significant change in sedimentation rates and/or sediment types can
be evaluated for their potential effect on aquatic plants and aquatic invertebrates.
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GOAL D: Maintain and/or enhance habitat for migratory and resident vertebrates
with emphasis on neotropical migrants and marsh and shore birds.

With a decline in habitat diversity in inany of the navigation pools since
inundation, there have been losses and deterioration of habitat suitable for neotropical
migrants, marsh and shore birds, and turtles. No numerical goal has been established for
these species or species groups as no specific thresholds have been defined within the
river cormidor to meet their needs, Any habitat 1mpr0vement for these species should
benefit their overall population levels.

Objective D1: Protect and/or enhance habitat for neotropical migrants and marsh and
shore birds, as opportunities present themselves, applying the following criteria:

a. Maintain or enlarge the extent of unbroken stands of mature forest.
b. Maintain or enlarge the extent of emergent marshes.
¢. Maintain or enlarge the extent of beaches/mudflats.

Generally as a group, neotropical migrants are benefited by large unbroken tracts
of mature forest which minimizes nest parasitism. Management measures that foster
maintaining this type of habitat should be encouraged.

Marsh birds obviously prefer emergent marsh habitat. The existing extent of
marsh habitat in the Ambrough Slough complex should be maintained, and increased if at
all possible.

Shore birds prefer open, low sandy beaches and mudflats for feeding, nesting, and
loafing. The extent of these habitat types in the Ambrough Slough complex is somewhat
- limited and ephemeral, depending upon fluctuations in water levels. The extent of shore
bird habitat in the Ambrough Slough complex should be maintained, and increased if at
all possible.
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ALTERNATIVES

6.1 PLANNING OPPORTUNITIES

While there may be some habitat deficiencies in the Ambrough Slough complex, from an
overall perspective habitat quality is relatively good. The opportunity exists to maintain this high
level of habitat quality before it becomes degraded.

0.2 PLANNING CONSTRAINTS
6.2.1 INSTITUTIONAL

The Ambrough Slough project area lies within the boundaries of the Upper Mississippi
River National Wildlife and Fish Refuge. As such, Refuge management goals and objectives
must be complied with, as well as the laws and regulations governing Refuge management.

6.2.2 ENGINEERING

Because of shallow water depths, access for construction equipment would likely be
difficnlt in many areas. This was an important consideration in the planning and design of
habitat restoration features.

. 6.2.3 ENVIRQNMENTAL ‘

An active bald eagle nest located within the study area. The planning of project features
took into account potential impacts to this nest.

6.2.4 CULTURAL RESOURCES

The extremely rich archaeology of the islands and shorelines in the project area, which
includes National Register sites and burials, means that any aspect of a project that includes bank
work, significant changes in the landscape, dredging or other earth moving must be fully
coordinated with the State Historic Preservation Office and the Advisory Council on Historic
Preservation, and survey, evaluation, and mitigation measures may well be necessary. While the
locations (but not necessartly the extent) of 14 sites are known for the project areas, it is hlghly
likely that others exist along the shorelines of the project areas.

6.2.5 SOCIOECONOMIC/RECREATIONAL

There is residential development along the shorelines of Gremore Lake and this lake
receives considerable recreational use. These existing uses were taken into consideration in the
planning process.




6.3 ALTERNATIVES IDENTIFIED
6.3.1 NO ACTION

The no action alterative is defined as no implementation of a project to modify habitat
conditions in the study area. '

6.3.2 BACKWATER FISH SPECIES HABITAT (GOAL A)

No site-specific alternatives were identified for improving backwater fish habitat.
Instead, types of habitat restoration measures were identified that appeared to have merit in
alleviating backwaler fish habitat deficiencies in the Ambrough Slough complex. As planning
progressed, the restoration measures most appropriate for use within a particular backwater were
identified and further developed into specific alternatives.

6.3.2.1 Flow Introduction

Flow introduction is primarily used to alleviate dissolved oxygen depletion problems by
introducing a steady supply of oxygenated water to the water body. A difficult balance to
achieve in many backwater situations during the winter is providing sufficient flow to alleviate
dissolved oxygen depletion problems without increasing current velocities and/or depressing
water temperatures outside the ranges suitable for overwintering fish. In some instances, it may
not be possible to achieve this balance. :

6.3.2.2 Flow Reduction

Flow reduction is primarily used to reduce winter current velocities and maintain winter
water temperatures above 2 degrees C as much possible. As opposed to flow introduction, the
difficult problem with flow reduction is in achieving suitable velocities and water temperatures
without reducing dissolved oxygen concentrations to unsuitable levels.

Flow reduction may not necessarily take place right at the backwater lake in question.
Flow reduction in the sloughs entering the Ambrough Slough complex may also achieve the
same goals.

6.3.2.3 Increase Water Depths

Increasing water depths in shallow backwater lakes can serve a number of purposes. For
summer conditions, increased depth generally provides increased cover and cooler water.
Increasing depths can limit aquatic vegetation growth, which can be viewed as a positive or a
negative depending upon habitat objectives. '

For winter conditions, the primary purpose of increasing water depths is to increase the

volume of water available to serve as a reservoir for dissolved oxygen and heat. While it may
seem incongruous to speak of heat during winter conditions, maintaining water temperatures
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above 2 degrees C is important for fish survival.

6.3.2.4 Add Structare

Structure within a body of water serves a number of functions, as cover from predators, as
a substrate for food organisms, and as shade from light. Examples of natural cover include
aquatic vegetation, rocks, brush, and stumps. Rocks, logs, stumps, and brush piles can be placed
in water bodies that have a deficiency of structure.

6.3.3 RIVERINE FISH SPECIES AND MUSSEL HABITAT (GOAL B)

Options for improving habitat conditions for riverine fish species in the Ambrough
Slough complex are more limited than for backwater species. Riverine species tend to be more
tolerant of varted habitat conditions and Ambrough Slough and other sloughs appear to have
adequate water depths and flows for the riverine species that would be expected to oceur there.
The addition of rock and/or woody structure may improve habitat conditions for riverine species.

It is not known if mussel habitat in Ambrough Slough is limited. Aside from water
quality, suitable substrate is probably the most important factor affecting habitat suitability for
mussels. Affecting the presence and distribution of sand and fine material substrates in a running
slough such as Ambrough Slough and others is probably not practical. The addition of gravel
and small rock in selected areas may be feasible.

6.3.4 MIGRATORY HABITAT FOR WATER BIRDS (GOAL C)

The migratory habitat for water birds in the Ambrough Slough complex is considered
high quality, and the goals and objectives are oriented towards maintaining existing habitat
quality. No specific habitat enhancement measures were identified for this goal.

6.3.5 HABITAT FOR OTHER SPECIES OF WILDLIFE (GOAL D)

No specific habitat measures have been identified for the goals and objectives relating to
neotropical migrants and marsh birds. Expanding the extent of unbroken forest for neotropical
migrants is not practical within the study area because of its physical character (most or all of the
non-aquatic area is already forested). Some expansion of the bottomland forest will occur
naturally through the process of succession. Expanding the area of emergent marsh for marsh
birds also is not practical. Again, this will likely occur naturally through the process of
succession.

The opportunities for creating beach or mudflat habitat for shorebirds in the Ambrough

Slough complex is very limited. Opportunities to develop this habitat type in conjunction with
habitat enhancement features designed for other goals and objectives were considered.
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DEVELOPMENT AND EVALUATION OF ALTERNATIVES

7.1 ALTERNATIVES FORMULATION AND SCREENING

Once the process of general alternative identification was completed, alternative
formulation began and screening was conducted to eliminate those alternatives that did not
appear to warrant detailed evaluation.

7.1.1 LAKE SCREENING

There are ten backwater lakes located within the study area. An initial evaluation
identified that three of the lakes were poor candidates for meeting project goals and objectives
for a number of reasons. Specific alternatives were not formulated for these lakes, and they were
eliminated from further consideration for habitat restoration or enhancement measures.

7.1.1.1 Voth's Lake

Voth's Lake is located in the northwestern portion of the study area. This lake is
relatively isolated, has good water clarity, and supports abundant aquatic vegetation. Because of
its isolation and shallow depths, Voth's Lake is prone to dissolved oxygen depletion problems.
Because of its isolation and aquatic vegetation, the lake provides high quality waterfowl habitat.

Improving fish habitat in Voth's lake would likely require dredging and establishing a
more permanent connection to other bodies of water within the study area. It was decided that
these types of measures were not appropriate for this lake because of the potential to adversely
affect existing aquatic vegetation, waterfow] habitat values, and a heron rookery. In addition,
beeause of Voth's Lake's isolation, the project goals and objectives for backwater fish species
(Goal A) could likely be achieved in other lakes within the Ambrough Slough/Gremore Lake
complex at less cost. : '

7.1.1.2 Fluke's Lake

The formation of Black Slough and ongoing changes in this area have made Fluke's Lake
an isolated, shallow slough. The potential for achieving Goal A or any of the objectives under
this goal in Fluke's Lake was considered very low. Thus, it was decided to eliminate Fluke's
Lake from further consideration for achieving Goal A and its objectives.

7.1.1.3 Roulette Lake
Roulette Lake is very shallow. The potential for achieving Goal A or any of the

objectives under this goal in Roulette Lake was considered very low without substantial
dredging. Water access into Roulette Lake for construction equipment would be difficult without
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extensive dredging, In addition, dredging in Roulette Lake would likely be in direct conflict with
the Goal C and the objectives under that goal. Thus, it was decided to eliminate Roulette Lake
from further consideration for achieving Goal A and its objectives.

7.1.2 LAKE ALTERNATIVES

The identification of alternatives to be evaluated for the remaining seven backwater lakes
located in the study area was based on the habitat deficiencies of each lake relative to the habitat
objectives under habitat Goal A. Table 7-1 summarizes this information for each of these lakes.
Based on this information it was possible to identify where to focus further study for each of the
individual lakes. Table 7-2 indicates which management measures would be expected to have
potential for habitat improvement in each of the lakes. ‘

7.1.2.1 Spring Lake

Of the four management measures, dredging was considered have the most potential for
improving habitat conditions in Spring Lake. For winter habitat conditions, dredging would help
meet the depth and water temperature criteria, and would probably help in meeting the dissolved
oxygen criteria, For summer habitat conditions, dredging would help meet the depth criteria, and
would assist in meeting the aquatic vegetation criteria. Based on aérial photographs, it would
appear that in many years, Spring Lake has aquatic vegetation coverage greater than 60 percent.

An infinite number of dredging alternatives could be developed for Spring Lake. Tt was
decided to evaluate three increments of dredging for the lake. The increments were based on the
depth distribution criteria contained in Objective A1. This criteria calls for 20 percent of the lake
having depths of less than 1 meter, 70 percent of the lake having depths ranging from 1 to 2
meters, and 10 percent of lake having depths greater than 2 meters (the notation 20-70-10 is used
for this criteria). Dredging to fully meet the depth criteria was identified as the largest increment
to be evaluated. Two smaller increments of dredging were developed for evaluation, the 60-30-
10 option and the 40-50-10 option, where the numbers denote the percent of the lake that would
fall within the various depth ranges described above.

The outlet of Spring Lake is joined by a small channel that branches off Ambrough
Slough upstream of Ambrough Slough’s connection with Roulette Lake. This channel is
navigable during higher flows and has enlarged over the last 10 years. At this point, this channel
appears stable and would not interfere with any dredging proposed for Spring Lake.

7.1.2.2 Big Missouri Lake

Dredging and adding structure were considered to be the measures that would have the
most potential for benefiting Big Missouri Lake. Dredging would contribute towards meeting the
depth, water temperature, and dissolved oxygen criteria during the winter. Dredging in Big
Missouri Lake was evaluated in three increments as described for Spring Lake.
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Table 7-1
Screening of Backwater Lakes re: Goals and Objectives Criteria

Winter Criteria *

Summer Criteria

Depth

Size Meets Dissolved | Current Temp Dissolved Current | Water/Veg Depth
Range 15-ha Oxygen Velocity | 35% 2-4 C [<1.0m <20%| O=xygen Velocity 40:60 to
Lake (ha) Criteria >3 mg/l <l emfsee | 65% 1-2C [>2.0m > 10%[ >5 meg/l <1 cm/sec 60:40 >1.0m > 50%
Big probably probably probably probably probably probably probably | probably
Missouri 8-14 | marginal meets meets does not does not meets meets meets does not
meet - meet meet
probably | probably | probably does not probably | probably | probably ‘probably
Spring 18- 30 yes does not meets meets meet meets meets does not does not
meet meet meet
Upper probably | probably | probably | . doesnot probably probably probably does not
Doubles 10 - 16 | possibly does not meets meets meet meets meets does not meet
meet meet
Lower probably | probably | probably does not probably | probably probably does not
Doubles 8-12 no does not does not does not meet meets meets does not meet
meet meet meet meet
probably | probably | probably does not probably | marginal | probably probably
Fish 10- 18 | possibly meets does not does not meet meets meets does not
meet meet meet
probably | marginal | probably marginal probably | probably | probably meets
Tilmont 34 - 42 yes meets does not | meets meets does not
meet meet
does not meets marginal meets probably meets probably meets
Gremore 135 ves meet meets - meets

* based on normal winter stages and discharges

meets = meets the criteria under most or all conditions; supported by data or a high level of certainty

probably meets = meets the criteria under most or all conditions; additional information or data needed

marginal = meets the eriteria some of the time; level of certainity varies

probably does not meet = does not meet the criteria under most or all conditions; additional information or data needed

does not meet = does not meet the criteria under most or all conditions; supported by data or a high level of certainty




Table 7-2
Screening of Backwater Lakes re: Restoration and Enhancement Measures

Potential as
Habitat Hab. Restor.
Lake Measure Measure Rationale

‘ Introduce Flows No Potenhal adverse veloclty andltemperature effects

Spring

Big
Missouri

Upper
Doubles

p-L

Lower
Doubles

Fish

Tilmont

Gremore




© 7.1.2.3 Upper Doubles Lake

Dredging was considered to have the most potential for improving habitat conditions in
Upper Doubles Lake. For winter habitat conditions, dredging would help meet the depth and
water temperature criteria, and would probably help in meeting the dissolved oxygen criteria.
For summer habitat conditions, dredging would help meet the depth criteria, and probably would
assist in meeting the aquatic vegetation criteria. Based on aerial photographs, it would appear
that in many years, Upper Doubles Lake has aquatic vegetation coverage greater than 60 percent.
Dredging in Upper Doubles Lake was evaluated in three increments as described for Spring
Lake.

Another alternative identified for evaluation was to reduce flows to Upper Doubles Lake
by closing, or partially closing, the connection between Upper Doubles Lake and Big Missouri
Lake. '

7.1.2.4 Lower Doubles Lake

Dredging would have potential for improving habitat conditions in Lower Doubles Lake.

For winter habitat conditions, dredging would help meet the depth and water temperature criteria,
and would probably help in meeting the dissolved oxygen criteria. For summer habitat
conditions, dredging would help meet the depth criteria, and probably would assist in meeting the
aquatic vegetation criteria. Based on aerial photographs, it would appear that in many years, .
Lower Doubles Lake has aquatic vegetation coverage greater than 60 percent. However, because -
of its location, it would be very difficult to access this lake with dredging equipment. Therefore, -
it was decided not to further evaluate dredging in Lower Doubles Lake.

An alternative identified for evaluation was to reduce flows to Lower Doubles Lake by
closing, or partially closing, the connection between Lower Doubles Lake and Big Missouri
Lake.

7.1.2.5 Fish Lake

Dredging would benefit Fish Lake by helping meet the depth criteria and assisting in
meeting the winter temperature criteria. Dredging was evaluated for Fish Lake in the same
manner as described for Spring Lake.

Flow reduction has the potential for improving habitat conditions in Fish Lake. The lake
is quite open on its castern side to Ambrough Slough and to Dark Slough on the south. Fish
Lake is greatly influenced by eddy flows from Ambrough and Dark Sloughs. This allows
considerable water exchange, which probably is a contributing factor to excessive current
velocities and low water temperatures during the winter. During high winter discharges, flow
also enters Fish Lake from a connecting channel to Lower Doubles 1.ake to the north.,
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Measures identified to reduce flows into Fish Lake (aside from the T.ower Doubles Lake
closure noted above) included restoration of some of the islands and other land masses that used
to separate the lake from Ambrough Slough.

7.1.2.6 Tilmont Lake

Dredging would benefit Tilmont Lake by helping meet the depth criteria and assisting in
meeting the winter temperature criteria. Because Tilmont Lake nearly meets the 20-70-10 depth

criteria now, an option meeting this criteria was the only increment of dredging selected for
evaluation.

Flow reduction appeared to be a potential measure for improving habitat conditions in
Tilmont Lake. The lake is quite open on it's east side to Mud Hen Slough. This allows
considerable water exchange between the two, which is a contributing factor to suboptimal
winter water temperatures in Tilmont Lake. Measures to reduce flows into Tilmont Lake would
include restoration of the peninsula that used to separate the lake from Mud Hen Slough and
closing another small opening at the head of the lake.

7.1.2.7 Gremore Lake

Gremore Lake meets most of the habitat criteria for backwater fish species, save for one
significant parameter, winter dissolved oxygen: Three alternatives were identified for Gremore
Lake to'address the dissolved oxygen depletion problems in the lake. They include:

a. Flow introductions via one of two routes, (1) from the west at the Wisconsin DNR
Ambrough Slough boat landing and (2) from the north via a natural low area. -

b. Dredging to create additional volume.
¢. Mechanical aeration.
7.1.3 OTHER MEASURES

Other alternatives were identified for consideration as measures that had the potential for
enhancing overall habitat quality within the Ambrough Slough complex.

7.1.3.1 Ambrough Slough Entrance

The amount of flow entering Ambrough Slough during non-flood conditions appealjs to
be controlled by old bank revetment that is functioning much as a closing dam. Breaching the
old bank revetment would allow additional flow into Ambrough Slough. No specific flow
objective was identified for Ambrough Slough. A decision whether to modify the amount of
flow entering Ambrough Slough would need to be based primarily on whether or not this would
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help meet habitat objectives in the lakes within the Ambrough Slough complex, most specifically
Big Missouri, Upper Doubles, Lower Doubles, and Fish Lakes.

7.1.3.2 Entrances to Sloughs at RIM 641.85, 641.80, and 641,70

There are three small sloughs west of Ambrough Slough that have the same condition as
exists at the head of Ambrough Slough, i.e., old bank revetment is acting as a closing dam across
their entrances. The effectiveness of the old bank protection in closing off flow to these sloughs
during low water periods appears greater than the situation at Ambrough Slough. Breaching the
old bank revetment would allow more flow into these sloughs. No flow objective exists for these
sloughs. The decision to breach would need to be made on whether allowing additional flow
down these sloughs will provide any habitat benefits and the affect this may have on meetmg
habitat objectives in the study area lakes.

7.1.3.3 Black Slough

The entrance to Black Slough has been increasing in size, allowing additional flow into
the lower portion of the Ambrough Slough complex. Placing a partial closure structure across
the entrance of Black Slough would reduce the amount of flow entering the complex. There is
no flow objective specifically for Black Slough. The decision whether or not to modify the
amount of flow allowed into Black Slough would need to be based on whether benefits overall
hab1tat conditions within the Ambrough Slough complex

7.1. 3 4 Habitai Channel

A "habitat channel” was constructed for the Bertrom and McCartney Lake habitat project
in pool 11 as a means of improving habitat quality for riverine fish species. The basic concept is
to add rock and other structure to a flowing channel to improve habitat diversity and provide
conditions favored by riverine species. The construction of a habitat channel within the
Ambrough Slough complex was identified as a potential habitat enhancement measure.
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7.2 ALTERNATIVES EVALUATION
7.2.1 HABITAT CHANNEL

The Ambrough Slough complex contains a diversity of flowing habitats in a variety of
sizes and character. In its lower reaches, Ambrough Slough is a relatively large and deep. Black
Slough, Dark Slough, Mudhen Slough, and portions of upper Ambrough Slough are moderately
sized channels with varying depths and substrates. The margins of these sloughs have woody
structure and some localized aquatic plant growth. In the upper portions of the complex, the
sloughs are smaller and contain an abundance of woody cover.

It was determined that the flowing habitats in the Ambrough Slough complex provide
habitat conditions suitable for a variety of riverine fish species, and that construction of a habitat
channel or the addition of structure such as fallen trees, rocks, etc., was not necessary.

7.2.2 CLOSURE STRUCTURES

Measures to modify flow were evaluated in a number of locations within the study area.
The primary purpose in most instances would be to reduce winter current velocities and maintain
or increase wiriter water temperatures.

7.2.2.1 Ambrough Slough

After a site inspection, it was determined that no moditications to the old bank revetment
at the head of Ambrough Slough were necessary for habitat purposes within the Ambrough
Slough complex. It did not appear that breaching this revetment to allow more flow into
Ambrough Slough would provide any appreciable habitat benefits.

7.2.2.2 Entrances to Sloughs at RM 641.85, 641.80, and 641.70
After a site inspection, it was determined that no modifications to the old bank revetment
at the head of these sloughs were necessary for habitat purposes within the Ambrough Slough

complex. Tt did not appear that breaching this revetment to allow more flow into these sloughs
would provide any appreciable habitat benefits.
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7.2.2.3 Black Slough

Visual observations by the Wisconsin DNR, supplemented by a review of aerial
photographs, indicate that the entrance to Black Slough is actively enlarging. The Wisconsin
DNR is concerned that increased flow into Black Slough is detrimental to winter fish habitat
conditions in Ambrough Slough and other backwater areas fed by this slough. Therefore, a
partial closure structure was designed and evaluated for the Black Slough entrance.

The criterion used for the initial design of a partial closure structure was to reduce winter
flows entering Black Sough by 60 percent (criterion provided by the Wisconsin DNR.) Winter
flow data for Black Slough is limited, however, it appears winter flows entering Black Slough are
about 8 cms at a river discharge of approximately 565 cms. The estimated water surface
elevation at the Black Slough entrance at this discharge is 186.70 m. Reducing winter flows by
60 percent would require reducing these flows to about 3.2 cms. This would require a partial
closure structure with a bottom width of 6 m, side slopes of 1V:3H, and a bottom elevation of
186.32 m. During low river discharge conditions, there would be less than 0.4 m of clearance
over this structure, a depth normally not considered acceptable for safe small boat navigation
over a fixed structure.

Increasing the weir depth to 1m to provide adequate clearance for small boats and
decreasing the weir bottom width to 1.8 m would allow about 6.7 cms of flow to enter Black
Slough. Aside from providing a rather narrow opening for small boats to navigate through,
velocities through this weir could be excessive for small crafi, especially at higher river .

" discharges. Thus, meeting the 60 percent flow reduciion criterion and at the same time
. maintaining safe aceess for small recreational craft could not be accomplished.

An altemative design was developed which would involve placing a partial closure in
Black Slough that would provide safe passage for small boats. The structure would have a
bottom opening width of 4 m and would provide approximately 0.9 m of clearance at low river
discharges (plate 4). '

Costs
The partial closure structure across the entrance to Black Slough would cost an estimated

$82,500 (table 7-3). The average annual cost of this structure for a 50-year project life at the
current interest rate of 6 5/8 percent would be $5,693.
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Table 7-3
Cost Estimate for the Black Slough Partial Closure Structure

" Mob/demob ' $ 3,100
Geotextile 4,000

Rock : 57,500

Construction subtotal $65,000

Planning, Engineering, and Design ~ $11,600

Construction Management 5,900

Total Cost $82,500

Habitat Benefits

Quantifying the habitat benefits associated with the Black Slough partial closure structure
would be very difficult using a habitat based system such as Habitat Evaluation Procedures
(HEP). Flows entering the lower portion of the Ambrough Slough complex via Black Slough are
distributed throughout a number of sloughs and lakes, and this distribution can vary with river
discharge and stage. It would take extensive hydraulic and habitat analyses to quantify the

benefits of this structure. The cost of these analyses would be exorbitant in velation to the actual -
cost of the structure.

A reverse analysis was used to determine if it would be reasonable to assume that this
structure would provide habitat benefits sufficient to justify its costs. It was assumed that the
observations of the Wisconsin DNR resource managers are accurate and that increased flow
entering Black Slough is detrimental to overall fish habitat values in the lower portion of the
Ambrough Slough complex. The planning and implementation of previous UMRS-EMP habitat
projects within the St. Paul District have indicated that costs up to approximately $2,500/average
annual habitat units (AAHU) are considered reasonable and justifiable for obtaining a variety of
fish habitat improvements. To be conservative, a cost of $1,500/AAHU was used in the reverse
analysis as a justifiable cost threshold. At a cost of $1,500/AAHU and an average annual cost of

$5,693, the Black Slough partial closure structure would need to provide about 3.8 AAHU of
benefits to be considered justified.

The area of aquatic habitat influenced by Black Slough flows in the lower portion of the
Ambrough Slough Complex is about 120 hectares (or 300 acres). To provide 3.8 AAHU of
habitat benefits would require raising the average habitat suitability index (HSI) of this area by
013, or by preventing a .013 decline in future HSI values. An HSI change of .013 is very small.
Generally, habitat suitability models are not sensitive enough to measure HSI changes this small.
The conclusion is that if the Black Slough partial closure structure provides any incremental
habitat improvement at all, more than 3.8 AAHU of f{ish habitat benefits will be generated.
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Plan Selection

The habitat benefits of the Black Slough partial closure structure cannot be quantified at a
study cost considered reasonable for a feature of this scale. Analysis indicates that a sufficiently
large enough area would be affected by the partial closure structure such that even a marginal
improvement in habitat quality over the affected area would provide sufficient habitat benefits to
justify the structure’s cost.

Another factor considered was the level of investment and risk. At $82,500, the partial
closure structure is a relatively small investment. The risk that the structure will not function in
terms of reducing flows is almost non-existent. The only risk involved is whether reducing flows
will provide the expected habitat benefits. The view of the resource managers familiar with the
area is that reducing flows entering Black Slough will provide the expected habitat benefits.

Based on the above, the selected plan is to construct the Black Slough partial closure
structure.,
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7.2.2.4 Upper Doubles Lake

A small opening has eroded between Big Missouri Lake and Upper Doubles Lake.
Closure of this opening would reduce current velocities in Upper Doubles Lake during the
winter. A rock closure structure was designed to close off this opening (plate 5). This structure
would require an estimated 180 m3 of rock fill. Access to this site for construction is somewhat
restricted and dredging would be required to get rock barges and construction equipment to the
site. Therefore, for cost estimating purposed, it was assumed that this structure would not be
pursued unless dredging in Big Missouri Lake took place (which would provide the access to this
site).

Costs

Constructing a rock closure across the opening to Upper Doubles Lake would cost an
estimated $24,600 (table 7-4).

Table 7-4
Cost Estimate for the Upper Doubles Lake Closure Structure
Mob/demob $ 3,300
Geotextile 1,500
Rock . _14.600
Construction subiotal $19,400
Planning, Engineering, and Design $ 3,500
Construction Management 1,700
Total Cost $24,600

The average annual cost of the Upper Doubles Lake structure over a 50-year project life is
$1,697. Maintenance of this structure would be difficuit because of its remote location and the
need to access the site with marine equipment. Without maintenance, a 25-year project life is
considered more realistic as erosion would likely result in this structure eventually being
bypassed. The average annual cost of this feature over a 25-year project life would be $2,039.

Habitat Benefits

The estimated habitat benefits of the Upper Doubles Lake closure structure (as a stand-
alone feature) if it functioned every winter are 0.8 AAHU (attachment 4). A review of historic
water level records was used to determine if the structure would be effective every winter. High
winter flows can inundate the lakes in the Ambrough Slough complex or could allow sufficient
flow to enter a particular lake to create suboptimal current velocity and/or water temperature
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conditions. Available topographic information around Upper Doubles Lake indicates that the
controlling elevation that would allow overland flow into the lake is below elevation 187.5 m.
The McGregor gage was used as an indicator as to when this might occur because the water
surface elevation increase from the McGregor gage to Upper Doubles Lake in probably less than
0.2 m for the river discharge ranges in question. Table 7-5 shows the number of days the water »
sutface elevation at the McGregor gage exceeded various elevations on a monthly basis for the
period 1972-1999. The most important months are December through February. November data
is included because ice-over can occur in late November, and also this is an important period
when backwater fish are seeking out overwintering sites. March data is included, however, a
review of the records indicate most of the high water events that occur in March would be
considered part of the spring breakup.

The darkly shaded winters in table 7-5 are those where it appears that there would have
been sufficient episodes of high water to make the Upper Doubles Lake closure non-effective in
maintaining suitable winter habitat conditions, especially for water temperature and possibly for
current velocity. The lightly shaded years are those that would be considered questionable years,
especially since the high water occurred predominantly in November or later during February.
The winter of 1993-94 was not shaded as it appears from the actual data that the high water in
February in that year was the beginning of an early spring breakup.

Based on the records for the period 1972-99, it appears that the Upper Double Lake
closure would have been ineffective 9 of 27 winters (33 percent), and potentially ineffective
another 4 of 27 winters (15 percent). The following summarizes the expected habitat benefits
depending on the assumptions made: ‘ |

functional every winter 0.8 AAHU
functional 67 percent of winters 0.5 AAHU
functional 52 percent of winters 0.4 AAHU

The following summarizes the expected cost/AAHU for the range of assumptions:

functional every winter/50-yr project life $2,121/AAHU
functional 67 percent of winters/50-yr project life $3,394/AAHU
functional 52 percent of winters/50-yr project life $4,243/AAHU
functional every winter/25-year project life $2,549/AAHU
. functional 67 percent of winters/25-yr project life $4,078/AAHU
functional 52 percent of winters/25-yr project life $5,098/AARU
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This feature was also evaluated as an add-on feature if Upper Doubles Lake were
dredged. Under this scenario, the incremental habitat unit gains associated with the closure range
from 1.7 to 2.0 AAHU, depending upon the dredging alternative. Using the most optimistic
assumptions (50-year project life, effective every winter, and 2.0 AAHU of benefits), the Upper
Doubles Lake closure structure, would cost an estimated $849/AAHU. Using the least optimistic
scenario (25-year project life, effective about 52 percent of the winters, and 1.7 AAHU of '
Beneﬁts), the structure would cost about $2,036/AAHU.,

Plan Selection

Under the most optimistic assumptions, the Upper Doubles Lake closure structure as a
stand-alone feature would cost an estimated $2,121/AATIU, while the cost of this structure would
be an estimated $5,098/AAHU using the most pessimistic assumptions. Costs/AAHU greater
than $2,500 to $3,000/AAHU are generally considered excessive for the type of habitat benefits
this structure would provide, unless there are special circumstances justifying higher costs such
as benefits to endangered species or protection of a unique habitat.

There are a number of uncertainties associated with the Upper Doubles Lake closure
concerning its effective life and how often it would achieve its habitat function, i.e., keeping
flows out of Upper Doubles Lake during the winter. It appears likely that the cost/ AAHU for this
feature will be more than $3,000/AAHU as the historic water level data indicates this structure
would not be functional every winter. There are no unique or special habitat values that would
be gained or protected with this structute. Therefore, this feature was not considered justificd as
a stand-alone feature, s

If Upper Doubles Lake were dredged, the cost/ AAHU for this feature would be in the
range of $849 to $2,036/AAHU. Costs in this range are considered justified for the type of
habitat benefits that would be provided. Therefore, the selected plan is to construct the Upper
Doubles Lake closure structure if dredging in Upper Doubles Lake is pursued.
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7.2.2.5 Lower Doubles Lake

An opening exists between Big Missouri Lake and Lower Doubles Lake which allows
flow into Lower Doubles Lake. A partial closure of this opening would reduce current velocities
in Lower Doubles Lake during the winter. (A full closure structure is not considered practical in
this location.) A rock partial closure structure was designed for this opening that would reduce
flows to Lower Doubles Lake to some extent during the winter.

Costs

The Lower Doubles Lake partial closure structure would cost an estimated $65,600 (table
7-6). This estimate assumes that this structure would not be constructed unless access dredging
was accomplished as part of a plan to dredge Big Missouri Lake.

Table 7-6
Cost Estimate for Lower Doubles Lake Partial Closure Structure

‘Mob/demob - $ 6,500
Geotextile ' 3,300
Rock _39.500

Construction subtotai . - $49,300
Plans and Specifications $1],600
Construction Management 4,700
Total Cost o $65,600

The average annual cost of the Lower Doubles Lake structure over a 50-year project life
is $4,526. Maintenance of this structure would be difficult because of its remote location and
the need to access the site with marine equipment. Without maintenance, a 25-year project life is
considered more realistic as erosion would likely result in this structure eventually being
bypassed. The average annual cost of this feature over a 25-year project life would be $5,440.

Habitat Benefits

The estimated habitat benefits of a full closure structure at Lower Doubles Lake if it
functioned every winter are 2.0 AAHU. The same analysis was conducted for this structure
concerning its effectiveness as previously discussed for the Upper Doubles Lake structure. The
following summarizes the findings. The expected habitat benefits would be:
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functional every winter 2.0 AAIU
functional 67 percent of winters ‘ 1.3 AAHU
functional 52 percent of winters 1.0 AAHU

The following summarizes the expected cost/AAHU for the range of assumptions:

functional every winter/50-yr project life \ $2,263/AAHU
functional 67 percent of winters/50-yr project life $3,482/AAHU
functional 52 percent of winters/50-yr project life $4,526/AAHU
functional every winter/25-year project life $2,720/AAHU
functional 67 percent of winters/25-yr project life $4,185/AAHU
functional 52 percent of winters/25-yr project life $5,440/AAHU

Plan Selection

Under the most optimistic assumptions, the Lower Doubles Lake partial closure structure
would cost an estimated $2,263/AAHU, while the cost would be an estimated $5,440/AAHU
using the most pessimistic assumptions. Costs/AAHU greater than $2,500 to $3,000/AAHU are
generally considered excessive for habitat benefits on the Upper Mississippi River unless there
are special circumstances justifying higher costs such as benefits to endangered species or
protection of a unique habitat,

There are a mimber of uncertainties associated with the Lower Doubles Lake partial
closure structure concerning how often it would achieve its habitat function, i.e., keeping winter
flows out of Lower Doubles Lake. Based on available information, it appears likely that the
cost/AAHU for this feature wilt be more than $3,000/AAHU as the historic water level data
indicates this structure would not be functional every winter. There are no unigue or special

habitat values that would be gained or protected with this structure. Therefore, this feature is not
~ considered justified, and the selected plan is the no action alternative.




7.2.2.6 Tilmont Lake

At one time, Tilmont Lake was protected from flow from Mudhen Slough and Ambrough
Slough by a peninsula of land. Erosion of this peninsula has made Tilmont I.ake more open to
flows from these sloughs, resulting in suboptimal winter habitat conditions due to current
velocities and low water temperatures. Restoration of the peninsula was evaluated using two
designs. The first design evaluated was an earthen structure constructed by sidecast excavation,
seeded, and protected from erosion by rock bank protection. The second design evaluated was a
sidecast earthen structure stabilized by vegetation only (plate 6). Vegetation stabilization is
considered practical in this situation because the dike material will have a high fine material
content which should result in rapid establishment of a good grass cover and most of the eroding
flows will be parallel to the structure. Included with each design is a rock closure to close off a
small opening at the head of Tilmont Lake (plate 7).

Costs
The first design (which includes rock protection) would cost an estimated $717,500 (table

7-7). It was assumed that this design would have a project life of 50 years, resulting in an
average annual cost of $49,536. '

. Tahkle 7-7.
Cost Estimate for the Tilmoni Lake Closure with Rock Protection®

Mob/demob- . ST % 2900

Access dredging o . 75,600
Stripping 1,400
Excavation/placement 237,100
Geotextile 30,500
Rock 201,200
Topsoil : 13,900
Seeding 8,400

Construction subtotal $571,000
Plans and Specifications $ 97,700
Construction Management 48,800

Total Cost $717,500

* includes the small rock closure at the head of Tilmont Lake
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The second design would cost an estimated $447,200 (table 7-8). Because the restored
peninsula with this design would only be protected by vegetation, it was assumed its practical
project life would be 25 years, resulting in an average annual cost of $37,086.

Table 7-8 |
Cost Estimate for the Tilmont Lake Closure without Rock Protection®

Mob/demob ' $ 2,900
Access dredging 75,600
Stripping 1,400
Excavation/placement 237,100
Rock/Geotextile 13,500
Topsoil 13,900
Seeding 8,400

Construction subtotal $352,800
Plans and Specifications 3 63,000
Construction Management 31,400

Total Cost $447,200

* includes the small rock closure at the head of Tilmont Lake

Habitat Benefits

The estimated habitat benefits of the Tilmont Lake structures, if they functioned every
winter would be 25.6 AAHU. Tilmont Lake is surrounded by a more continuous landmass than
Upper and Lower Doubles Lakes and Fish Lake. Surveys data indicates the low spot of the
surrounding landmass is in the area of the proposed small rock closure. Based on the survey data
and the historic water surface elevation information displayed in table 7-5, it was assumed that
the Tilmont Lake closures would have been effective except for the winters of 72-73, ¢77-78"
‘82-83, ‘83-84, '84-85, ‘85-86, and ‘91-92. This leads to the assumption that the structure would
provide benefits during approximately 75 percent of the winters, resulting in 19.2 AAHU of
habitat benefits. Thus, the rock protected closure structure would cost about $2,580/AAHU. ,
while the closure structure protected only by vegetation would cost $1,932/AAHU.
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Plan Selection

The structure protected by vegetation would provide habitat benefits at about 75 percent
the cost of the rock protected structure even when assuming only a 25-year project life vs. a 50-
year project life for a rock protected structure. Therefore, it 1s the most cost-effective design.

The Tilmont Lake closure would provide habitat benefits at an estimated cost of
$1,932/AAHU. This is within the range of costs considered justifiable on the Upper Mississippi
River for the type of habitat benefits provided. Additional factors in favor of constructing this
feature are (1) there would be no operation and maintenance required, (2) the sidecast borrow
would provide habitat benefits (deeper water) not accounted for in the calculation of benefits for
this feature, and (3) this feature would provide valuable constructibility and durability .
information concerning this type of closure for future applications within the UMRS-EMP and
other habitat restoration programs. Therefore, the selected plan is the restoration of the Tilmont
ILake peninsula using vegetation for stabilization.
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7.2.2.7 Fish Lake

At one time, Fish Lake was more protected from flow via Ambrough Slough by islands
and other lJandmasses. Erosion has made Fish Lake more open to Ambrough Slough flows,
resulting in suboptimal winter habitat conditions due to excessive current velocities and low
water temperatures. The option of constructing earthen closures to partially separate Fish Lake
from Ambrough Slough was evaluated. Because the Tilmont Lake analysis showed that a closure
constructed by sidecast borrow stabilized with vegetation is more cost effective than using rock
stabilization, this same design was used for the Fish Lake application.

Costs
The cost of constructing the Fish Lake closures is estimated to be $496,000 (table 7-9).

Because these structures would only be protected by vegetation, it is assumed their practical
project life would be 25 years. The average annual cost of these structures would be $41,133.

Table 7-9
Cost Estimate for the Fish Lake Closure Structures

Mob/demob $ 4,300
Excavation/placement 377,400
Seeding 9,500

Construction subtotal $3291,200
Plans and Specifications $ 69,900
Construction Management 34,900

Total Cost $496,000

Habitat Benefits

Habitat evaluation indicates these structures would provide approximately 14.1 AAHU of
benefits if they functioned every winter. Fish Lake is bounded on the south by relatively low
ground, making it more susceptible to overtopping flows than Tilmont Lake, for example. The
same analysis was made for Fish Lake as for Upper and Lower Doubles Lakes resulting in the
following:

functional every winter 14.1 AAHU
functional 67 percent of winters 9.4 AAHU
functional 52 percent of winters 7.3 AAHU
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The following summarizes the expected cost/ AAHU for the range of assumptions:

functional every winter $2,917/AAHU
functional 67 percent of winters $4,376/AAHU
functional 52 percent of winters $5,635/AAHU

Plan Selection

The following factors were most salient in the plan selection process for the Fish Lake
closure structures.

a. Based on historic water level data, the closure structures would probably be
functional in preventing winter habitat degradation between 50 and 67 percent of the winters,
resulting in a cost per AAHU in the range of $4,376 to $5,635. Costs/AAHU in this range are
considered excessive for the type of habitat benefits that would be provided.

b. Because Fish Lake would still remain somewhat open to Ambrough Slough, the
winter habitat benefits in terms of current velocity reduction and water temperature maintenance
are more likely overestimated than underestimated.

Therefore, the selected plan for the Fish Iake closure structures is the no action
alternative, : : :
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7.2.3 DREDGING - INITIAL EVALUATION

The initial step in the evaluation of dredging in Spring, Big Missouri, Upper Doubles,
Fish and Tilmont Lakes was to determine the optimal amount of dredging for each lake using the
three increments of dredging described n section 7.1.2. These were (in ascending order) the 60-
30-10, 40-50-10, and 20-70-10 options

Factors not used to compare dredging options were the cost of dredge mobilization or
placement site development. Both of these cost factors are generally applied against the first
increment of dredging. However, this can skew the comparative evaluation because whichever
dredging increment has to absorb the mobilization and placement site development costs is going
to be the most expensive. Mobilization and placement site development costs were considered in
the final portion of the evaluation process.

7.2.3.1 Spring Lake

Table 7-10 displays the information used in the initial evaluation of dredging for Spring
Lake. Dredging an initial 90,000 m3 of material from Spring Lake would provide 14.1 average
annual habitat units (AAHU) of benefits at an approximate cost of $1,844/AAHU. Dredging an
additional 35,000 m3 would provide additional habitat benefits at a lower cost pet/AAHU
($1,549). Dredging the final increment of 35,000 m3 would provide 1.7 AAHU of benefits at a
~-cost of $4,922/AAHU, a significant increase in cost/ AAHU over the initial two increments.
Based on this information the first two increments of dredging for Spring Lake werz carried
forward for further consideration. The third increment was dropped from further consideration

because of the significant increase in incremental costs. In addition, $4,922/AAMU is considered .

an excessive cost for the type of habitat benefits that would be provided.

Table 7-10
Spring Lake - Initial Evaluation of Dredging Options

Incremental Incremental Incremental Incre. Incremental
Dredging Dredging Ave An AAHU Cost/
Option Yol (m3) Cost Cost Gain AAHU
60-30-10 90,000 $376,700 $26,007 14.1 $1,844
40-50-10 35,000 $121,200 $ 8,367 5.4 $ 1,549
20-70-10 35,000 $121,200 B 8,367 1.7 $4,922
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7.2.3.2 Big Missouri Lake

Table 7-11 displays the information used in the initial evaluation of dredging for Big
Missouri Lake. Dredging an initial 40,000 m3 of material from Big Missouri Lake would
provide 7.3 average annual habitat units (AAHU) of benefits at an approximate cost of
$1,753/AAHU. Dredging an additional 15,000 m3 would provide additional habitat benefits at a
lower cost per/AAHU. Dredging the final increment of 10,000 m3 would provide 1.0 AAHU of
benefits at a cost of $2,340/AAHU, an increase in cost/AAHU over the initial two increments.
Based on this information, the first two increments of dredging for Big Missouri Lake were
carried forward for more detailed evaluation. The third increment would have a higher cost per
AAHU, but a cost of $2,340/AAHU was still considered within the range that may be justifiable.
Therefore, the third increment was also carried forward for further consideration.

Table 7-11
Big Missouri Lake - Initial Evaluation of Dredging Options
Incremental Incremental Incremental Incre. Incremental '
Dredging Dredging Ave An  AAHU Cost/
Option Vol {m3) Cost Cost Gain AAHU
60-30-10 40,000 $185,400 $12,800 7.3 $ 1,753
40-50-10 15,000 3 50,900 $ 3,514 - 3.0 S 1,37
20-70-10 - 10,000 $ 33,900 .- $ 2340 - 10 $ 2,340

7.2.3.3 Upper Doubles Lake

Table 7-12 displays the information used in the initial evaluation of dredging for Upper
Doubles Lake. Dredging an initial 60,000 m3 of material from Upper Doubles Lake would
provide 8.4 average annual habitat units (AAHU) of benefits at an approximate cost of
$2,167/AAHIU. Dredging an additional 25,000 m3 would provide additional habitat benefits at a
lower cost per/AAHU. Dredging the final increment of 20,000 m3 would provide 0.6 AAIIU of
benefits at a cost of $7,882/AAHU, a significant increase in cost/ AAHU over the initial two
increments. Based on this information, the first two increments of dredging for Upper Doubles
Lake were carried forward for further consideration. The third increment was dropped from
further consideration because of the significant increase in incremental costs. In addition,
$7,882/AAHU is considered an excessive cost for the type of habitat benefits that would be
provided.
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Table 7-12
Upper Doubles Lake - Initial Evaluation of Dredging Options

Incremental Incremental Incremental Incre. Incremental
Dredging Dredging Ave An  AAHU Cost/
Option Vol (m3) Cost Cost Gain . AAHU
60-30-10 60,000 $263,600 $18,199 8.4 $2,167
40-50-10 25,000 $ 85,700 $ 5,917 3.3 $1,793
20-70-10 20,000 $ 68,500 $ 4,729 0.6 $ 7,882

Flow reduction was evaluated for Upper Doubles Lake as a measure to reduce winter
current velocities and increase winter water temperatures. An evaluation was conducted to
determine how that could affect the feasibility of the dredging options. This evaluation is
summarized in table 7-13. The implementation of flow reduction measures at Upper Doubles
Lake would not have a significant effect on the relative costs/ AAHU of the dredging increments
and thus, did not change the decision to carry only the first two dredging increments forward for
further consideration.

>

Table 7-13
Upper Deubles Lake - Initial Evaluation of Dredging Gpiions
in Combination with Flow Reduction

Incrementai Incremental Incremental Incre. Incremental
Dredging Dredging Ave An  AAHU Cost/
Option Vol (m3) Cost Cost Gain AAHU
60-30-10 60,000 $263,600 $18,199 9.3 $ 1,957
40-50-10 25,000 $ 85,700 $ 5,917 3.6 $ 1,044
20-70-10 20,000 $ 68,500 $ 4,729 0.6 $ 7,882

7.2.3.4 Fish Lake

Table 7-14 displays the information used in the initial evaluation of dredging for Fish
Lake. Dredging an initial 55,000 m3 of material from Fish Lake would provide 7.5 average
annual habitat units (AAHU) of benefits at an approximate cost of $2,462/AAHU. Dredging an
additional 20,000 m3 would provide 0.8 AAHU of additional habitat benefits at a cost of
$5,912/AAHU. Dredging the final increment of 20,000 m3 would provide 0.3 AAHU of benefits
at a cost of $15,763/AAHU. Based on this information, the decision was made to carry only the
first increment forward for further consideration,

7-25




© Table 7-14
Fish Lake - Initial Evaluation of Dredging Options

Incrementat Incremental Incremental TIncre. Tncremental
Dredging Dredging Ave An  AAHU Cost/
Option Yol (m3) Cost Cost. Gain T AAHU
60-30-10 55,000 $267,500 $18,468 7.5 $ 2,462
40-50-10 20,000 $ 68,500 $ 4,729 0.8 $ 5,912
20-70-10 20,000 $ 68,500 $ 4,729 0.3 $15,763

7.2.3.5 Tilmont Lake

Table 7-15 contains the initial evaluation for Tilmont Lake. Only one increment of
dredging was developed for Tilmont Lake. The initial evaluation indicated that the cost! AAHU
was well within the range considered acceptable for habitat restoration on the Upper Mississippi
River and that the dredging of Tilmont Lake should be carried into the next stage of evaluation.

Table 7-15
Tilmont Lake - Initial Fvaluation of Dredging Options

Incremental Tncremental  Incremental Incre. Increniental
Dredging Dredging Ave An  AAHU Cost/
Option Vol (m3) Cost - Cost ~Gain AAHU
20-70-10 45,000 $310,000 $21,402 3341 $ 0647

Flow reduction is also an option for Tilmont Lake. The potential effect flow reduction
may have on the feasibility of dredging in Tilmont Lake was evaluated (table 7-16). This initial
evaluation indicated that implementation of flow reduction would make dredging in Tilmont
Lake less attractive. However, the cost/ AAHU would still be within the range considered
acceptable for Upper Mississippi River habitat restoration efforts.

Table 7-16
Tilmont Lake - Initial Evaluation of Dredging Options
in Combination with Flow Reduction

Incremental  Incremental Incremental Incre. Incremental -
Dredging Dredging Ave An  AAHU Cost/
Option Vol (m3) Cost Cost Gain AAHU
20-70-10 45,000 $310,000 $21,402 12.1 $1,769
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At the conclusion of the initial incremental screening of dredging options, 4 of 13
dredging options were eliminated from further consideration. The 9 remaining increments are
shown in table 7-17. Since the Tilmont Lake peninsula restoration is recommended for
construction, the cost/ AAHU for Tilmont Lake displayed in table 7-17 reflect this.

Table 7-17
Dredging Increments Remaining Following Initial Screening

Increment Quantity Cost/ AAHU

Spring Lake increment #1 90,000 m3 $1,800/AAHU
Spring Lake increment #2 35,000 m3 $1,600/AAHU
Big Missouri Lake increment #1 40,000 m3 $1,800/AAHU
Big Missouri Lake increment #2 15,000 m3 $1,200/AAHU
Big Missouri Lake increment #3 10,000 m3 $2,300/AAHU
Upper Doubles Lake increment #1 60,000 m3 $2,000/AAHU
Upper Doubles Lake increment #2 25,000 m3 $1,600/AAHU
Fish Lake increment #1 55,000 m3 $2,500/AAHU
Tilmont Lake 45,000 m3 $1,800/AAHU
B 375,000 m3 '
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7.2.4 DREDGED MATERIAL PLACEMENT

Opportunities for dredged material placement within or adjacent to the study area are
limited. Four agricultural sites were identified as potential placement sites for dredged material.
They are shown on plate 11.

7.2.4.1 Dililman Field

The Dillman property consists of an agricultural field located east of the Ambrough
Slough complex. The site is bounded on the south by Mill Coulee Creek and on the east by
railroad tracks. The practical dredged material placement capacity of this site is in the range of
300,000 to 400,000 m3, assuming the dredged material was placed to a depth of 1-2 meters.

7.2.4.2 Pedretti Field

The Pedretti property lies south of the Dillman property. It is bounded on the north by
Mill Coulee Creek, on the east by railroad tracks, and on the south by a road. A portion of this
property is in agricultural use. There is an active sand and gravel pit on the property,
approximately 2 hectares in size and over 6 meters deep. At present, the landowner does not want
dredged material placed in this pit. '

The Pedretti property contains known cultural resources including an extensive (14
hectare) village occupation site that 1s on the Wational Register of Historic Places and a mound .« -
group that has not been evaluated but is undoubtedly cligible for the National Register. Dredged
material could probably be placed on the site while avoiding the mound group. Mitigation of the -
village occupation site would be required, likely through data recovery. Mitigation ofan
occupation site of this size would cost in the range of $200,000 to $300,000 and take two years to
complete. Therefore, the only portion of the Pedretti property considered for dredged material
placement was the sand and gravel pit.

7.2.4.3 Hunzeker Field

This 1s a small (1-2 hebtare) formerly agricultural site lying north of the Dillman Field.
This site is currently vegetated by grasses. The capacity of this site is limited though it may be
useful for material dredged from Spring Lake.

7.2.4.4 Toberman Field
This 1s a small (2-3 hectare) agricultural site lying north of the Dillman Field, In 2000

this field was planted in corn. The capacity of this site is limited though it may be useful for
material dredged from Spring Lake.
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7.2.5 DREDGING PLAN SELECTION

7.2.5.1 Prioritization of Dredging Increments

Follow initial screening, 9 dredging increments remained under consideration (table 7-
17). The costs for all of these increments fall within the range considered justifiable for the type

of habitat benefits that would be provided. Table 7-18 shows the ordering of the dredging

increments based solely on cost/ AAHU. (If some of the costs/AAHU appear out of order, it is

because dredging the second increment in a lake cannot occur if the first increment is not

dredged.)
Table 7-18
Ordering of Dredging Increments Solely on Cost/AAHU
- Increment Quantity Cost/AAHU
Big Missouri Lake increment #1 40,000 m3 $1,753/AAHU
Big Missouri Lake increment #2 15,000 m3 $1,171/AAHU
Tilmont Lake 45,000 m3 $1,76%/AAHU
Spring Lake increment #1 90,000 m3 $1,844/AAIU
Spring Lake increment #2 : 35,000 m3 $1,551/AAHU
Upper Doubles Lake increment #1 -~ 60,000 m3 $1,957/AAHU
Upper Doubles Lake increroerdt #2 .o 25,000 1m3 $1,644/AAHU
- Big Missouri Lake increment #3 10,000 m3 - $2,340/AAHU
Fish Lake increment #1 ; 55,000 3 $2,462/AAHU
Total ‘ 375,000 m3

Given the uncertaimties and subjective judgements that play a part in the quantification of
habitat benefits and the development of cost estimates, a difference of $100 to $300/AAHU in
incremental costs was not considered significant. Therefore, the lake dredging increments were
reprioritized based on the costs/AAHU and other non-quantifiable factors. Table 7-19 shows the

results of the reprioritization process.
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Table 7-19
Reprioritization of Dredging Increments based on Cost/AAHU and Other
Non-Quantifiable Factors

Increment Quantity Cost/ AAHU
Spring Lake increment #1 90,000 m3 $1,844/AAHU
Big Missouri Lake increment #1 40,000 m3 $1,753/AAHU
Big Missouri Lake increment #2 15,000 m3 $1,171/AAHU
Upper Doubles Lake increment #1 60,000 m3 $1,957/AAHU
Upper Doubles Lake increment #2 25,000 m3 $1,644/AAHU
Big Missouri Lake increment #3 10,000 m3 $2,340/AAHU
Fish Lake increment #1 55,000 m3 $2,462/AAHU
Tilmont Lake 45,000 m3 . $1,769/AAHIU
Spring Lake increment #2 35,000 m3 $1.551/AAHU
375,000 m3

Spring Lake was rated as the highest priority lake for dredging by Wisconsin DNR and
U.S. Fish and Wildlife Service biologists. Spring Lake is the most protected of the lakes and is
the least likely to be adversely affected by high river discharges during the winter. Resource
agency biologists believe this is the lake that would benefit the most from dredging. The $91
‘cost/AAHU difference between Spring Lake inctement #1 and Big Missouri Lake increment #1
15 not conmdered significant given the leve! of detail of the analysr@

Spring Lake is about 22 hectares in size and lies on the boundary of the Upper
Mississippi River National Wildlife and Fish Refuge, with about 60% (~ 13 hectares) of the lake
lying within the Refuge and about 40% (~ 9 hectares) lying outside of the Refuge. Dredging
outside of the Refuge would require a non-Federal sponsor to cost share the dredging. Dredging
increment #1 would require dredging about 40% of Spring Lake, which could be accommodated
within the Refuge portion of the lake, Dredging increment #2 in Spring Lake would require
dredging 60% of the lake, or the entire portion of the lake lying within the Refuge. This would
be nearly impossible from a practical perspective. Therefore, Spring Lake increment #2 was put
at the bottom of the priority listing because this increment would require a non-Federal sponsor
and no non-Federal sponsor was identified who would be interested in cost sharing this feature.

Tilmont Lake was ranked second to last even though the cost/AAHU is relatively low.
Water depth is not a significant limiting factor in Tilmont Lake. Tn addition, borrowing material
from Tilmont Lake to construct the Tilmont Lake peninsula restoration will provide additional
deep water habitat in Tilmont Lake, reducing the estimated benefits associated with dredging.

Big Missouri Lake was ranked second highest priority based primarily on costs. Another
consideration is that Big Missouri is slightly deeper than Upper Doubles Lake and Fish Lake and
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does not support as much aquatic vegetation. Dredging in Big Missouri Lake is less likely to
adversely effect habitat for migratory water birds (see Goal C and Objective Cl in section 5.2).

Upper Doubles Lake was ranked above Fish Lake increment #1 and Big Missoun Lake
inerement #3 because of costs.

Big Missouri Lake increment #3 was ranked low because of costs.
7.2.5.2 Plan Selection

The first step in plan selection was to eliminate those dredging increments not considered
prudent to pursue for one reason or another. The following dredging increments were eliminated

by this process.

Spring Lake Increment #2

This increment was eliminated because it would require cost sharing and no non-Federal
sponsor was identified that would be interested in cost sharing for this feature.

Tilmont Lake Increment #1

Restoration of the Tilmont Lake peninsula will result in excavation in Tilmont Lake to
~obtain material for the structure. This would reduce the estimated-benefits associated with this
dredging increment, Therefore, this increment was eliminated from further consideration.

Fish Lake Increment #1 and Big Missouri Lake Increment #3

The costs/AAHU for these increments were considered on the high side when compared
to the remaining increments. For this reason, they were eliminated from further consideration.

Following the process of elimination, five dredging increments remained - Spring Lake
Increment #1, Big Missouri Increments #1 and #2, and Upper Doubles Lake Increments #1 and
#2. The real decision for Upper Doubles Lake and Big Missouri Lake was whether or not to
pursue the first dredging increment in each of these lakes. If that decision was positive, then the
second increment would also be selected because the cost/ AAHU is lower.

The cost/AAHU difference for the first increment of dredging for each of the three lakes
was considered relatively insignificant given the sensitivity of the analysis. In addition, the
costs/AAHU were within the range considered justified for the types of habitat benefits that
would be provided. Placement site capacity would not be a constraint for these increments.

As noted at the beginning of the discussion concerning the evaluation of dredging,
mobilization of dredging equipment to the site and placement site preparation costs were not -
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included because they could skew the evaluation prdcess. Table 7-20 shows the cumulative costs
of the five remaining increments without and with mobilization, placement site development,
planning, engineering and design, and construction management costs.

Table 7-20

Dredging Costs with Mobilization, Placement Site Development

Incremental Incremental
Dredging Dredging

Increment Vol (m3) Cost
Spring Lake #1 50,000 $376,700
Big Missouri Lake #1 40,000 $185,400
Big Missouri Lake #2 15,000 $ 50,900
Upper Doubles Lake #1 60,000 $263,600
Upper Doubles Lake #2 25,000 § 85,700
Subtotal 230,000 $962,300
Mobilization $ 82,300
Placement Site Development $183,000
Planning, Engineering,
and Design $121,700
Construction Management $ 65,100
Total - 230,000 $1,414,400

Cumulatively, with mobilization and placement site development costs included,

Incremental
Ave An
Cost
$26,007
$12,800
$ 3,514
$18,199
$ 5,917

$66,437

$97,623

Incre.
AAHU
Gain
14.1
7.3
3.0
9.3
3.6

37.3

37.3

Incre.
Cost/

$1,844
$1,753
$1,171

$2,167

$1,793

$1,781

$2,617

dredging of the five remaining increments would cost an estimated $2,617/AAHU. This is
within the range considered justified for the type of habitat benefits that would be provided.
Therefore, the selected plan for lake dredging includes the following:

Spring Lake increment #1

Big Missouri Lake increment #1
Big Missouri Lake increment #2
Upper Doubles Lake increment #1
Upper Doubles Lake increment #2
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7.2.6 GREMORE LAKE

Gremore Lake suffers from dissolved oxygen depletion problems during the winter.
Depending upon the nature of the winter, the problems can range from minor or negligible to
severe. As noted earlier in Section 6.4.2.7, flow introductions, dredging, and mechanical
aeration were identified as potential solutions to the dissolved oxygen depletion problems in
Gremore Lake. Because Gremore Lake is not located within the Upper Mississippi River
National Wildlife and Fish Refuge, any habitat rehabilitation or enhancement measure
implemented at Gremore Lake would require cost sharing by a non-Federal sponsor. The
Wisconsin DNR has agreed to serve as the non-Federal sponsor for measures implemented at
Gremore Lake.

7.2.6.1 Mechanical Aeration

Mechanical aeration is a proven method of maintaining dissolved oxygen levels
sufficiently high in a body of water to insure fish survival. Mechanical aeration does not acrate
the entire water body. The basic concept is to keep a portion of the water body ice free to allow
the water to absorb oxygen from the atmosphere. The oxygenated portion of the water body is
usually localized around the area of open water. ‘

The primary advantage of mechanical acration is that it is relatively economical in terms
of initial investment, especially where there is a ready source of power such as exists at Gremore
Iake. No estimate was made of the cost instalting aerarion equipineni at Gremore Liake.
However, based on available information, it was assnmed that a systern conld be instalied for tess

than $100,000. ’ ) . o

The disadvantages of mechanical aeration are higher operation and maintenance costs and
the public safety concerns associated with having an open water area during the winter. The
latter can be a problem even with warning signs as the fish in the lake will be attracted to the
aerated zone which in turn will attract ice fishermen.

Mechanical aeration was not pursued in depth as the Wisconsin DNR indicated they
would not support this altemative.

7.2.6.2 Dredging

Dredging increases the volume of a body of water, increasing the capacity to store
sufficient dissolved oxygen to carry the resident fish population through the winter. The major
drawback of dredging is that it is expensive and requires a disposal site for the dredged material.
Another difficulty is estimating the amount of dredging required to solve the problem. Because
of dredging’s relatively high cost, sufficient quantity must be dredged to minimize the uncertainty
associated with its effectiveness. An attempt was made to estimate the volume of dredging
required based on dissolved oxygen depletion rates calculated using past winter dissolved oxygen
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monitoring in Gremore Lake. This analysis indicated that 700,000 to 1,000,000 m3 may have to
be dredged from Gremore Lake to insure that the dissolved oxygen problem would be solved.
Even if this analysis erred by 100 percent on the conservative side, the dredging required would
still be in the range of 350,000 to 500,000 m3.

Based on the costs estimated for dredging in the other lakes in the Ambrough Slough
area, dredging 350,000 to 500,000 m3 from Gremore Lake would likely cost $1.5 to $2.0 million.
Another problem would be finding an adequate placement site for the dredged material. Based
on investigations into placement site capacity for the other lakes in the area, it is unlikely that a
placement site could be found for this additional quantity of dredged material.

Because of the relatively high cost of dredging, the uncertainties conceming how much
dredging would be necessary, and the uncertain availability of placement sites, dredging was
dropped from detailed consideration as a viable option for Gremore Lake.

7.2.6.3 Flow Introduction

Oxygenated water from Ambrough Slough could be introduced into Gremore Lake to
alleviate dissolved oxygen depletion problems. Calculations indicate that tnfroducing .08 to .11
cms should be sufficient to maintain adequate dissolved oxygen levels in Gremore Lake to insure
fish survivability. This is in line with the results of monitoring studies conducted for the F inger
Takes habitat project in upper pool 5 near Wabasha, Minnescta, which indicated that only very
small flows ave necessary in backwater lakes to mainfain adeauate dissotved oxygern levéls,

Two routes for introducing flow to Gremore Lake were cvaluated. The northern route
(plates 3 and 12) would follow a low area north of Gremore T.ake. Excavation of a channel
through this area would require removal of approximately 8,000 m3 of material. A
culvert/control structure would be installed where the channel would cross Ambro Road, north of
the lake. Some dredging would be required in Gremore Lake (2,127 m3) to convey the flow into
Gremore Lake. The initial design for the control structure used a culvert with a slide gate similar
to a design used on other habitat projects constructed in the St. Paul District.

The west route (plates 3 and 12) would cross Wisconsin DNR property and is the location
of a boat landing and parking area. Two designs were evaluated for this route, one involving
passing flow to Gremore Lake via a buried culvert and the other using an open channel. For the
first design, the control structure would be located on the Ambrough Slough end of the culvert.
With the second design, the structure would be placed on a culvert under Ambro Road, Both
designs would require excavation in Gremore Lake (1,264 m3) to convey flows into the fake.

Because of the low head differential between Ambrough Slough and Gremore Lake, the
Wisconsin DNR requested that consideration also be given to constructing the channel/culverts
without a control structure. This would reduce both construction and operation and maintenance
costs while sacrificing operational flexibility.
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Costs

Tables 7-21 through 7-23 display the planning cost estimates used for a comparative
evaluation of the three design options, both with and without a control siructure.

Table 7-21 .
Cost Estimate - Flow Introduction to Gremore Lake by North Route
w/Control Structure w/o Control Structure
Mob/demob $ 24,000 $ 24,000
Clearing and Grubbing | 12,000 12,000
Channel Excavation 180,000 180,000
Culvert and Control Structure 100,000 28,000
Rock 27,000 27,000
Seeding 2,000 2,000
Construction subtotal $345,000 $273,000
Plans and Specifications $ 83,000 $ 66,000
Construction Management 35,000 28,000
Total Cost : $463,000 o $367,000
- Average Annual Cost $ 31,966 . $ 25,338
Table 7-22 -

Cost Estimate - Flow Introduction to Gremore Lake by West Route (Buried Culvert}

_ w/Control Structure w/o Control Structure
Mob/demob $ 24,000 $ 24,000
Clearing and Grubbing 6,000 6,000
Channel Excavation . 57,000 57,000
Culvert and Control Structure 112,000 40,000
Rock 27,000 27,000
Seeding ' 1,000 1,000

Construction subtotal $227,000 $155,000
Plans and Specifications $ 54,000 $ 37,000
Construction Management 23,000 16,000
Total Cost $304,000 $208,000
Average Annual Cost $ 20,988 $ 14,360
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Table 7-23
Cost Estimate - Flow Introduction to Gremore Lake by West Route (Open Channel)

w/Contro} Structure w/o Control Structure
Mob/demob $ 24,000 $ 24,000
Clearing and Grubbing 6,000 6,000
Channel Excavation 71,000 71,000
Culvert and Control Structure 100,600 26,000
Rock 27,000 27,000
Seeding 1,000 1,000
Construction subtotal $229,000 $155,000
Plans and Specifications $ 55,000 $ 37.000
Construction Management : 23,000 16,000
Total Cost $307,000 $208,000
Average Annual Cost $ 21,195 $ 14,360

Elimination of the control structure reduces the estimated total cost for each option by

about $100,000 and the average annual cost by about $7,000. It does not change the relative
costs of the three options.

Habitat Benefits

Introducing flow to Gremore Lake to alleviate dissolved oxygen depletion problems
would provide an estimate 113.5 AAHU. The cost/AAHU for the three options would be:

w/Control Structure wo/Control Structure
north route $282/AAHU $223/AAHU
west route (buried culvert) $185/AAHU $127/AAHU
west route (open channel) $187/AAHU $127/AAHU

Plan Selection

All three flow introduction options should alleviate the dissolved oxygen depletion
problems within Gremore Lake at costs considered justifiable. The primary decision involved
selection of the best option. The north route is more costly, primarily due to the length of
channel that must be excavated. In addition, due to its orientation with Ambrough Slough, it
could be more prone to sediment and debris accumulations, requiring more frequent
maintenance. Therefore, the decision was made to focus on the west route.

The costs of the open channel option and the buried culvert option are approximately the
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same. There are maintenance concerns with the buried culvert option should the culvert

. accumulate sediment. It would be very difficult, if not impossible to remove accumulated
sediment from a 64-meter long culvert than is entirely submerged. Allowing accumulated
sediment to remain in the culvert would impair its ability to pass the design flow in this low head
differential situation. Because of these operation and maintenance concerns, the open channel
along the west route was selected as the recommended alternative.

The option of having a control structure was considered preferable to provide the
management flexibility to regulate the flows entering Gremore Lake. A low cost stop log
structure was substituted for the slide gate used in the cost estimates shown above. This reduced
the estimated cost of the preferred option from approximately $307,000 to approximately
$267,000.

The Wisconsin DNR would be the non-Federal cost share sponsor for this feature and
would be responsible for operation and maintenance.
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7.3 SUMMARY

Table 7-24 summarizes the selected plan for the various features and alternatives
evaluated. It should be noted that the costs presented in table 7-24 are those used in the _
evaluation and selection process. The actual implementation cost of the recommended features
as a combined plan is presented in Section 8 and Section 13 of this report. Those costs will vary
somewhat from the costs shown in table 7-24 because of added mobilization costs, disposal site
preparation costs, and indexing for year of construction.

Table 7-24
Summary of Recommendations

Feature BEst, Cost Recommendation

Closure Structures

Modify Ambrough Slough entrance n.a. No action
Modify 3 unnamed slough entrances n.a. No action
Black Slough partial closure structure $ 82,500 Construct
Upper Doubles Lake closure structure 24,600 Construct
Lower Doubles T ake partial closure structure . 65,600 No action
Tilmont Lake peninsula 1estoration : 447,200 Construct
Fish Lake peninsula restoration - 496,000 Mo actici

Lake Dredging - -
Spring Lake $376,700 Dredge 90,000 m3

Big Missouri Lake 236,300 Dredge 55,000 m3
Upper Doubles Lake 349,300 Dredge 85,000 m3
Fish Lake 267,500 No action
Tilmont Lake 310,000 No action

Flow Introduction
Channel to Gremore Lake (west route) $267,000 Construct
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SELECTED PLAN WITH DETAILED DESCRIPTION/DESIGN AND
CONSTRUCTION CONSIDERATIONS

This section provides details on the selected plan. The selected features are shown in
table 8-1 along with estimated implementation costs (including contingencies) as a combined
plan. The costs shown in table 8-1 are fully funded costs (indexed for inflation). The detailed
project cost estimate is contained in attachment 2.

Table 8-1
Summary of the Selected Plan and Costs

, Construction PED Con. Mgmt, Total

Mobilization* $ 146,000 $ 0 $ 0 $ 146,000
Black Sl. partial closure structure 69,200 12,000 6,200 87,400
Upper Doubles L. closure structure 20,600 3,600 1,800 26,000
Tilmont L. peninsula restoration 375,400 65,400 - 32,900 473,700
Spring L. dredging 400,800 39,100 19,800 459,700
Big Missouri L. dredging 251,400 24,500 12,400 288,300
Upper Doubles I.. dredging 371,700 36,300 18,400 426,400
Channel to Gremore L.* 222,800 42,400 17,100 282,300
Disposal Site Preparation 194,700 26,400 17,700 238,800

Total $2,052,600  $249,700 $126,300 $2,428,600

* Features cost shared by the Wisconsin Dept. of Natural Resources

8.1 BLACK SLOUGH PARTIAL CLOSURE STRUCTURE

The design of the Black Slough partial closure structure is shown on plate 4. It consists
of a rock closure structure with an opening to allow a certain amount of flow and to provide an
adequate opening for the passage of recreational craft. The crest of the structure will be at
elevation 187.15, approximately 0.45 meters above the water surface at low river discharges.
The base of the opening will be 4 meters wide and 1.2 meters below the water surface at low
river discharges.

The partial closure structure will be constructed of rock underlain with geotextile. An
estimated 790 m3 of rock fill will be required, along with an estimated 850 m2 of geotextile.
Approxmately 17 m3 of stripping will be required as part of site preparation.

Construction of the project will be via marine plant. The equipment used to strip the site

and place the rock will either be barge mounted or unloaded onto the shoreline depending upon
water levels and the contractor’s selected method of construction. Due to the small quantity
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involved, the contractor would be allowed to dispose of the stripped material on-site, probably by
spreading the material adjacent to the construction area.

The rock will come from a quarry. The loading site will depend upon the location of the
quarry. It is expected that the rock would be loaded at a commercial facility in the Prairie du .
Chien area. To avoid conflicts with recreational users, loading of rock at the Ambrough Slough
boat landing would not be permitted.

8.2 UPPER DOUBLES LAKE CLOSURE STRUCTURE

The design of the Upper Doubles Lake closure structure is shown on plate 5. This feature
will be constructed of rock underlain with geotextile. An estimated 180 m3 of rock fill will be
required, along with an estimated 300 m2 of geotextile. Approximately 15 m3 of stripping will
be required as part of site preparation.

Construction of the project will be via marine plant. The equipment used to strip the site
and place the rock will likely be barge mounted. Due to the small quantity involved, the
contractor would be allowed to dispose of the stripped material on-site, probably by spreading
the material adjacent to the construction arca.

The rock will come from a quarry. The loading site will depend upon the location of the
quarry. It is expected that the rock would be loaded at a commercial facility in the Prairie du
Chien area. To avoid conflicts with recreational users, loading of rock at the Ambrough Slough
boat landing would not be permitted.

8.3 TILMONT LAKE PENINSULA RESTORATION

The design of the Tilmont Lake peninsula restoration is shown on plate 6. The material
for the peninsula restoration will be side borrowed from the Tilmont Lake side of the feature. It
is estimated that 27,180 m3 of material will be required. The contractor will be required to
excavate the material in a somewhat continuous linear excavation. The excavation of isolated
deep holes that could become anoxic will not be permitted.

The peninsula would be seeded with grass species selected for rapid growth and dense
cover properties. Willows would be planted along both sides of the restored peninsula.

The small opening at the head of Tilmont Lake would be closed with a small rock closure
structure (plate 7). An estimated 162 m3 of rock and 168 m2 of geotextile would be required for
this structure. A small amount of stripping would be required (29 m3). Due to the small amount
involved, the contractor would be allowed to spread the stripping material adjacent to the
construction area.




Access dredging would be required for this structure. The contractor would be required
to place this material in an upland disposal site. It is expected that the contractor would take the
material to the Prairie du Chien area for eventual use as general fill or land cover. The
contractor will be provided the option of using the access dredged material for part of the
peninsula if the contractor can demonstrate that the dredging operation will not disturb the soil.
Analysis of the soils in this area indicate that if access dredged material is handled twice
(dredged and put on a barge and then taken from the barge and placed on the peninsula), it will
no longer retain its basic soil structure and will be unsuitable for use in the peninsula, i.e., it will
not be stable material.




8.4 SPRING LAKE, BIG MISSOURI LLAKE, AND UPPER DOUBLES LAKE
DREDGING

8.4.1 DREDGING

8.4.1.1 Spring Lake

Approximately 90,000 m3 of sediments would be dredged from Spring Lake. The target
depth distribution to be achieved by the dredging will be 60% of the lake less than 1m, 30% of
the lake 1-2 m, and 10% of the lake greater than 2m. Spring Lake has an area of 22 hectares and
for all practical purposes is less than 1 m deep throughout. Under the recommended plan, 6.6
hectares of the lake will be dredged to a depth of 1.5 m and 2.2 hectares of the lake will be
dredged to 2.5 m.

A specific dredging plan will be developed during the preparation of construction plans
and specifications, This plan would be developed in coordination with the Wisconsin DNR and
the U.S. Fish and Wildlife Service. As noted earlier in the report, all of the dredging would
occur within the Refuge or western portion of the lake. Plate 13 shows the approximate area
where dredging in Spring Lake would occur.

The sediments in Spring Lake have not been analyzed. However, based on visual
observations and probings, and experience with other backwater areas on the Upper Mississippi,
it 1s assumed that the materials will be almost entirely fine silts and clays. Hydraulic dredging is
the only practical and economical method for dredging these types of sediments in this setting,

8.4.1.2 Big Missouri Lake

Approximately 55,000 m3 of sediments would be dredged from Big Missouri Lake. In
Big Missouri Lake, the target depth distribution to be achieved by the dredging will be 40% of
the lake less than 1m, 50% of the lake 1-2 m, and 10% of the lake greater than 2m. Big Missouri
Lake has an area of 13 hectares, with most of the lake being less than 1 m deep. Under the
recommended plan, 6.5 hectares of the lake will be dredged to a depth of 1.5 m and 1.3 hectares
of the lake will be dredged to 2.5 m.

A specific dredging plan will be developed during the preparation of construction plans
and specifications. This plan would be developed in coordination with the Wisconsin DNR and
the U.S. Fish and Wildlife Service. Plate 14 shows the approximate area where dredging in Big
Missouri Lake is expected to occur.

The sediments in Big Missouri Lake have not been analyzed. However, based on visual
observations and probings, and experience with other backwater areas on the Upper Mississippi,
it is assumed that the materials will be primarily fine silts and clays, Hydraulic dredging is the
only practical and economical method for dredging these types of sediments in this setting.
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8.4.1.3 Upper-Doubles Lake

Approximately 85,000 m3 of sediments would be dredged from Upper Doubles Lake. In
Upper Doubles Lake, the target depth distribution to be achieved by the dredging will be 40% of
the lake less than 1m, 50% of the lake 1-2 m, and 10% of the lake greater than 2m. Upper
Doubles Lake has an arca of 14 hectares, with most of the lake being less than 1 m deep. Under
the recommended plan, 7.0 hectares of the lake will be dredged to a depth of 1.5 m and 1.4
hectares of the lake will be dredged to 2.5 m.

A specific dredging plan will be developed during the preparation of construction plans
and specifications. This plan would be developed in coordination with the Wisconsin DNR and
the U.S. Fish and Wildlife Service. Plate 14 shows the approximate area where dredging in
Upper Doubles Lake is expected to occur.

The sediments in Upper Doubles Lake have not been analyzed. However, based on visual
observations and probings, and experience with other backwater areas on the Upper Mississippi,
it is assumed that the materials will be primarily fine silts and clays. Hydraulic dredging is the
only practical and economical method for dredging these types of sediments in this setting,

8.4.2 DREDGED MATERIAL PLACEMENT

The contractor would be allowed to use any combination of the alternative placement
sites considered acceptable to the Government. These sites are shown on plate 11. The site
limits will be designated on the construction drawings to avoid wetlands/floodway and known
cultural resources. The contractor will be responsible for containing the dredged material within
the site limits. Currently available sites are the Dillman, Toberman, and Hunzeker fields. If the
landowner changes his mind, the contractor would also be provided the Pedretti sand and gravel
pit as an optional placement site.

The contractor would be provided with the option of discharging hydraulic effluent from
the Dillman field to the creek bordering the south side of the field, directly to Ambrough Slough
via a pipe, or to Ambrough Slough via overland flow through the wetlands to the west of the
Dillman property. If the Hunzeker and/or Toberman fields are used, the contractor would be
allowed to discharge effluent back to Spring Lake. The contract specifications would include
effluent limitations and/or other conditions to be met with each method of discharge.

The contractor would be allowed to propose alternative placement sites and/or placement
methods, subject to Government review and approval. Compliance with all applicable Federal,
State, and local laws and regulations would be required before a contractor proposed alternative
placement site would be approved.
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8.5 GREMORE LAKE CHANNEL

The selected plan for introducing flow to Gremore Lake is the construction of a channel
from Ambrough Slough to Gremore Lake through property owned by the Wisconsin DNR (plates
3 and 12). The channel would be located just upstream of the Wisconsin DNR boat ramp and
parking lot.

Plate 8 shows the design of this feature. Because of the very small head differential
between Ambrough Slough and Gremore Lake, a relatively large channel is required to convey
the necessary flow into Gremore Lake. The channel would have a bottom width of 2 meters and
1V:3H side slopes. The open channel would be constructed from Ambrough Slough to Ambro
Road. '

A 2.1-meter diameter culvert would be placed under Ambro Road with the invert set at
185.70 m. The original design flow for this feature was 0.08 to 0.11 cms. The channel/culvert
are designed to pass about 0.28 cms of flow to provide a margin of safety given the uncertainties
involved in estimating flow requirements necessary to alleviate dissolved oxygen depletion
problems and the low head differential noted above. A stop log control structure would be
installed on the upstream end of the culvert. This would basically consist of a metal framework
for the stoplogs attached to the culvert.

The open channe! would continue from Ambro Road out into Gremore Lake. This
channel would be wider {3 meters) and deeper {invert elevation of 184.4 m) than the upsiream
channel to facilitate flow into the lake and account for flow impediments such as aquatic
vegetation and ice cover. This also includes 0.3 meter of overdepth dredging to account for
future sedimentation. : '

Approximately 2,288 m3 of material would be excavated from the land portion of the
channel and 1,264 m3 from within Gremore Lake. This material would be taken to whatever
site(s) is selected by the contractor for disposal of material from the Spring Lake, Big Missouri
Lake, and/or Upper Doubles Lake dredging.

Rock riprap underlain by geotextile would be placed on the banks of Ambro Road and
within the channel above and below the culvert for erosion protection.

A guardrail would be installed along Ambro Road where it crosses the channel.




ENVIRONMENTAL ASSESSMENT

An environmental assessment has been conducted for the proposed action(s) and a
discussion of the project impacts follows. As specified by Section 122 of the 1970 Rivers and
Harbors Act, the categories of impacts listed in the impact assessment matrix (table 9-1) were
reviewed and considered in arriving at the final determinations. In accordance with Corps of
Enginects regulations (33 CFR 323.4(a)(2)), a Section 404(b)(1) evaluation was prepared (see
attachment 3. Section 401 water quality certification has been applied for from the Wisconsin
Department of Natural Resources. It is WDNR policy not to issue water quality certification
until construction plans and specifications are available for review. They have indicated that they
expect to be able to issue water quality certification at that time.

9.1 RELATIONSHIP TO ENVIRONMENTAL REQUIREMENTS

The proposed actions would comply with all applicable Federal environmental laws,
exccutive orders, and policies, and State and local laws and policies including the Clean Air Act,
as amended; the Clean Water Act of 1977, as amended; the Endangered Species Act of 1973, as
amended; the Land and Water Conservation Fund Act of 1956, as amended; the National
Environmental Policy Act of 1969, as amended; the Fish and Wildlife Coordination Act of 1958,
as amended; Executive Order 11988 - Floodplain Management; and Executive Order 11990 -

.. Protection of Wetlands and the Farmland Protection Policy Act of 1981. '

9.2 NATURAL RESOURCE EFFECTS

The significant natural resources of the project area are described in section 2.0
EXISTING SETTING.

9.2.1 BLACK SLOUGH PARTIAL CLOSURE STRUCTURE
The habitat benefits of construction of a partial closure in Black Slough are discussed in
section 7.2.2.3. In general, reduced flows into Black Slough would improve conditions for

backwater fish species in the lower portion of the Ambrough Slough complex. A more detailed
discussion of both the adverse and positive impacts of a partial closure follows.
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Table 9-1. Environmental assessment matrix, Ambrou'gh‘Slough Habitat Rehabilitation and Enhancement.
Section 122 of the River and Harbor and Flood Control Act of 1970 (P.L. 91-611).

MAGNITUDE OF PROBABLE EFFECTS
BENEFICIAL EFFECT NG APPRECIABLE ADVERSE EFFECT
PARAMETER SIGNIFICANT | SUBSTANTIAL { MINOR EFFECT MINOR | SUBSTANTIAL ] SIGNIFICANT
ASOCIAL EFFECTS: : T S T ey s SR e
1. Noise Levels
. Aesthetic Values
. Recreational Opportunities X
. Transportation
. Public Health and Safety
. Community Cehesion (Sense of Unity)
. Community Growth & Development
. Business and Homne Relocations i
9. Existing/Potential Land Use
10. Controversy
‘Bi. ECONOMIC'EFFECTS
1. Property Values
2. Tax Revenues
3. Public Facilities and Services i
4. Regional Growth i
5. Employment l
G. Business Activity
7. Farmland/Food Supply
8. Commercial Navigation
9. Flooding Effects
10. Energy Needs and Resources
ATURALRESOURCE EFFECTS
. Alr Quality
. Terrestrial Habitat
. Wetlands
. Aquatic Habitat
. Habitat Diversity and Interspersion X 4oL
. Biological Productivity . . X
. Surface Water Quality X (during const.)
. Water Supply - X
9. Groundwater X
10. Soils o : X
I'1. Threatened or Endangered Species . X
: CULTURAL RESOURCE EFFEC
1. Historic Architectural Values
2. Pre-Historic and Historic Archeological Values X

X (during const.)
X (during const.)
X {during const.)
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1 9.2.1.1 Water Quality

During construction of the partial closure, some minor impacts on water quality would
occur. Disturbance of bottom substrates during rock placement would increase turbidity and
suspended solids concentrations in a very localized area surrounding the project site. However,
turbidity and suspended solids would likely not exceed concentrations typically seen in the river
environment during high flow events. Adverse impacts on water quality would be very short-
term in nature,

The long-term impacts on water quality would be positive. The partial closure structure
would create conditions similar to those found in natural riffles. The turbulent flow and higher
velocity conditions across the rock liner would increase mixing and provide for oxygenation of
waters entering Black Slough.

0.2.1.2 Aquatic Habitat

The rock liner would provide substrate suitable for colonization by aquatic invertebrates
and cover for fish species. Increased bathymetric and hydraulic diversity would result in
increased habitat diversity and interspersion. Main channel border species like walleye, sauger
and smallmouth bass would benefit from increased depth and substrate diversity. Also, the
presence of a slightly higher velocity area across the partial closure adjacent to lower velocity
habitats in Black Slough should enhance the overall suitability of Black Slough as an ambush site
for predator fish species. : '

In addition to the localized improvements in habitat diversity in Black Slough, reduced
flows into the lower Ambrough Slough complex would generally benefit habitat conditions.
Lower current velocities associated with reduced flows would result in improved winter
conditions for centrarchids and other backwater fish species, Overall, the partial closure would
have positive impacts on aquatic habitats and habitat diversity and interspersion.

9.2.1.3 Terrestrial/Wetland Iabitat

Clearing of vegetation where the partial closure would be tied into either bank of Black
Slough would have very minor adverse impacts on floodplain forest habitats. Approximately
113 m? (less than 0.03 acre) of vegetation would be stripped. Revegetation of the stripped sites
would be expected, with no long-term adverse impacts on terrestrial/wetland habitat.

9.2.1.4 Fish and Wildlife
Placement of the rock liner would cover benthic substrates and associated organisms.

Mussel surveys in the rock liner footprint revealed the presence of a relatively impoverished
resource. Estimated densities of less than 0.1 mussels/m2 were recorded. After project
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completion, the rock surfaces would provide suitable substrates for colonization by benthic
invertebrates. Rapid colonization of rock surfaces by benthic invertebrates would be expected.

Increased bathymetric and hydraulic diversity at the partial closure site would benefit
riverine species like walleye, saugers and smallmouth bass. Additionally, reduced flows into
Lower Ambrough Slough would improve overall habitat conditions for backwater fish species.

9.2.1.5 Threatened and Endangered Species

The proposed rock liner construction would not have significant impacts on threatened
and endangered species. The nearest bald eagle nest site is located approximately 3.2 kilometers
downstream of Black Slough at river mile 637.2. Construction activities in Black Slough would
be distant and isolated from this nesting location.

A mussel survey conducted in the footprint of the proposed rock liner on August 31,
1999, found no live Higgins’ eye pearly mussels. The results of this survey have been
coordinated with the Wisconsin Department of Natural Resources and the U.S. Fish and Wildlife
Service. It is the St. Paul District’s assessment that construction of the Black Slough partial
closure would not affect threatened and endangered species. The U.S. Fish and Wildlife Service,
by letter dated September 28, 1999, concurs with this opinion.

A number of State listed fish and mussel species are listed from the project area,
however, a review of the habitat conditions preferred by these species and the results of the
August 31, 1999, mussel survey suggest a low probability these species occur in the immediate
partial closure construction area. It is the St. Paul District’s conclusion the proposed Black
Slough partial closure construction would have no more than minor impacts on State listed
threatened and endangered species and would generally benefit these species through increased
habitat diversity and interspersion.

9.2.2 UPPER DOUBLES CLOSURE STRUCTURE

The habitat benefits of construction of a closure between Big Missouri and Upper
Doubles Lakes are discussed in section 7.2.2.4. In general, reduced flows into Upper Doubles

from Big Missouri would improve wintertime conditions for backwater fish species in Upper
Doubles Lake.

9.2.2.1 Water Quality
During construction of the closure, some minor impacts on water quality would occur.
Disturbance of bottom substrates during rock placement would increase turbidity and suspended

solids concentrations in a very localized area surrounding the project site. However, turbidity
and suspended solids would likely not exceed concentrations typically seen in the river
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environment during high flow events. Adverse impacts on water quality would be very short-
term in nature.

9.2.2.2 Aquatic Habitat

Reduced flow into Upper Doubles Lake would generally benefit habitat conditions for
backwater fish species, however, these benefits would be relatively minor in nature. Lower
current velocities associated with reduced flows would result in improved winter conditions for
centrarchids and other backwater fish species. Overall, the closure would have positive impacts
on aquatic habitats and habitat diversity and interspersion.

9.2.2.3 Terrestrial/Wetland Habitat

Clearing of vegetation where the closure would be tied into higher ground would have
very minor adverse impacts on floodplain forest habitais. Approximately 100 m’ (less than
0.025 acre) of vegetation would be stripped. Revegetation of the stripped sites would be
expected, with no long-term adverse impacts on terrestrial/wetland habitat.

9.2.2.4 Fish and Wildlife

Placement of the rock closure would cover benthic substrates and associated organisms.
. Mussel surveys in Big Missouri Lake revealed the presence of a relatively impoverished
resource. Therefore, the impacts of rock closure construction on fresirwater mussels would be
minimal. After project completion, the rock surfaces would provide suitable substrates for
colonization by benthic invertebrates. Rapid colonization of rock surfaces by benthic
invertebrates would be expected. ‘

Increased substrate diversity at the partial closure site would benefit riverine species like
walleye, saugers and smallmouth bass. Additionally, reduced flows into Upper Doubles Lake
would improve ovérall habitat conditions for backwater fish species.

9.2.2.5 Threatened and Endangered Spécies

The proposed rock closure would not have significant impacts on threatened and
endangered species. The nearest bald cagle nest site is located approximately several miles
downstream of Upper Doubles Lake. Construction activities would be distant and isolated from
this nesting location. '

A mussel survey conducted in Big Missouri Lake, near the site of the proposed closure,
found no live Higgins’ eye pearly mussels and generally a very impoverished mussel resource.
The results of this survey have been coordinated with the Wisconsin Department of Natural
Resources and the U.S. Fish and Wildlife Service. It is the St. Paul District’s assessment that
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construction of the Upper Doubles Lake closure would not affect threatened and endangered

species. The U.S. Fish and Wildlife Service, by letter dated September 28, 1999, concurs with
this opinion.

A number of State listed fish and mussel species are listed from the project area,
however, a review of the habitat conditions preferred by these species and the results of the
August 31, 1999, mussel survey suggest a low probability these species occur in the immediate
partial closure construction area. It is the St. Paul District’s conclusion the proposed closure
construction would have no more than minor impacts on State listed threatened and endangered

species and would generally benefit these species through increased habitat diversity and
interspersion.

9.2.3 TILMONT LAKE PENINSULA RESTORATION AND ROCK CLOSURE

As discussed in Section 7.2.2.6 and attachment 4, restoring the Tilmont Lake peninsula and
construction of a rock closure at the head of Tilmont Lake would have positive impacts on
backwater habitats by reducing flows into Tilmont Lake during critical overwintering periods
when high current velocities significantly reduce habitat suitability.

9.2.3.1 Water Quality

Detailed effects of the.project on water quality are described in the attached Clean Water
Act Section 404(b)(1) evaluation (attachment 3). While the peninsuta construction/rock closure
project would have some short-term and soine persistent minor adverse water quality impacts,
-the long-term benefits to water quality would be positive. :

Construction of the Tilmont Lake peninsula would have temporary negative impacts on
water quality resulting mainly from increased turbidity and suspended solids concentrations
during open water excavation and side-cast placement of construction materials (sands, silts, etc).
The area has no history of contamination and no long-term significant adverse impacts on water

quality would be anticipated if materials excavated from Tilmont Lake are used for peninsula
construction,

Vegetation would be used to rapidly stabilize the peninsula, however, some erosion from
the peninsula construction site would be expected until vegetation is established. Tmpacts on
water quality resulting from the anticipated effects of river forces on unprotected peninsula
shorelines would likely be minimal but somewhat persistent until vegetative coverage of the
peninsula arrests the erosion. Although turbidity and suspended solids would likely increase as a
result of these processes, the increases would likely not exceed levels typically observed in the
river during spring high flow events.

Peninsula construction would reduce flows into Tilmont Lake and should improve
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wintertime temperature conditions for backwater fish species. Additionally, reduced
sedimentation in the lake would be anticipated.

Disturbance of bottom substrates during in-water placement of rock for the closure at the
head of Tilmont Lake would increase turbidity and suspended solids concentrations in a very
localized area surrounding the project site. However, turbidity and suspended solids would likely
not exceed concentrations typically seen in the river environment during high flow events.
Adverse impacts on water quality would be very short-term in nature. In combination with
peninsula restoration, the channel closure would enhance wintertime temperature and flow
conditions in Tilmont Lake.

9.2.3.2 Aquatic Habitat

Approximately 1.8 hectares of contiguous impounded/secondary channel aquatic habitat
would be lost by the placement of peninsula fill and rock closure materials. All of this area was
actually floodplain forest habitat at one time. An estimated 520 hectares of contiguous
impounded/secondary channel habitat is present in the Ambrough Slough study area (see table 4-
1). Peninsula/rock closure construction would convert approximately 0.3 percent of this total to
terrestrial/floodplain forest habitat. In total, approximately 732 hectares of aquatic habitat is
present in the Ambrough Slough study area (sec table 4-1). Peninsula/closure construction
would impact approximately 0.2 percent of this total.

A number-of long-term substantial benefits to. aquatic habitats would be anticipated as a .
result of peninsula construction. Protection from wind induced waves and river currents would
lead to an increase in shallow zone vegetation in areas that currently are unprotected from these
forces. Reduced suspended sediments and lowered turbidity levels (as discussed above) would
be realized with a resulting increase in the depth and extent of the photic zone. Improved
vegetative conditions would be expected within | to 2 years after island construction.

Borrow materials for the proposed Tilmont Lake peninsula would come from sidecast
excavation of sediments in Tilmont Lake. The deeper water created by sidecast excavation
would enhance the value of Tilmont Lake for overwintering backwater fish species.
Additionally, the presence of deeper water adjacent to the newly created peninsula would
enhance bathymetric diversity and increase habitat diversity and interspersion.

9,2.3.3 Terrestrial/Wetland Habitat

Approximately 1.8 hectares of island/floodplain forest habitat would be created. Most of
this area would be rapidly vegetated by willows and pioneering wetland species within a
relatively short time frame. An estimated 969 hectares of non-aquatic habitat is present in the
Ambrough Slough study area (see table 4-1). Construction of the Tilmont Lake peninsula and
rock closure would increase this total to 971 hectares, a relatively minor increase.
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9.2.3.4 Fish and Wildlife

Placement of sand and rock would bury aquatic invertebrates, including freshwater
mussels. It is anticipated these organisms would be suffocated and perish. Mussel surveys in the
footprint area of the peninsula indicate an impoverished mussel resource. The fine silt substrate
present in the footprint of the proposed peninsula does not provide suitable habitat for freshwater
mussels. The direct impacts of peninsula construction on freshwater mussels would be
negligible. Additionally, the secondary benefits to aquatic habitats would also benefit aquatic
invertebrate populations.

Use of the general project area by fish species may be reduced during peninsula/rock
closure construction, especially in areas of elevated turbidity and suspended solids
concentrations. Generally, the filling of aquatic habitat has adverse impacts on fish species,
however, the increased protection of shallow backwater habitats afforded by peninsula/rock
closure construction, projected increased abundance and interspersion of aquatic vegetation and
increased bathymetric diversity resulting from sidecast excavation of peninsula construction
materials would have positive effects on the suitability of the area as backwater fish habitat.
Additionally, the long-term beneﬁts to water quality would provide improved conditions for most
backwater fish species.

Waterfowl and aquatic shorebirds feeding and resting in the area would be temporarily
disturbed and probably avoid the area during peninsula construction. However, almost
‘immediately after completion the peninsula would provide loafing and resting areas for
waterfowl and feeding/foraging arcas for shorebirds. Within 3 vears of peninsula completion
~ established vegetative communities should provide adequate nesting cover for ducks/geese.
However, the low nature of the peninsula may not be conducive to waterfowl nesting considering
the potential for frequent overtopping.

The sand used for peninsula construction would provide suitable habitat for turtle nesting,
however, as with waterfow! frequent overtopping may be prohibitive to successful turtle nesting.
Colonization of the island by reptiles and small mammals would be anticipated once Vegetatlve
communities are established.

9.2.3.5 Threatened and Endangered Species

The proposed peninsula/rock closure construction would not have significant impacts on
threatened and endangered species. The nearest bald eagle nest site is located approximately 1.5
miles downstream of Tilmont Lake at river mile 637.2. Peninsula consiruction activities would
be distant and isolated from this nesting location. Improved habitat conditions in Tilmont Lake

would ultimately improve the area as a feeding site for eagles.

A number of historical and recent surveys have identified the presence of the Higgins’ eye
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pearly mussel in the general project area. However, a mussel survey conducted in the footprint
of the proposed Tilmont Lake peninsula area on August 31, 1999, found no Higgins’ eye pearly
mussels. The results of this survey have been coordinated with the Wisconsin Department of
Natural Resources and the U.S, Fish and Wildlife Service. It is the St. Paul District’s assessment
that construction of the Tilmont Lake peninsula and rock closure would not affect threatened and
endangered species. The U.S. Fish and Wildlife Service concurs with this opimon.

A number of State listed fish and mussel species are listed from the project area,
however, a review of the habitat conditions preferred by these species and the results of the
August 31, 1999, mussel survey suggest a low probability these species occur in the immediate
peninsula/rock closure construction area. It is the St. Paul District’s conclusion the proposed
Tilmont Lake peninsula/rock closure construction would have no more than minor impacts on
State listed threatened and endangered species and would generally benefit these species through
increased habitat diversity and interspersion.

9.2.4 SPRING LAKF, BIG MISSOURI LAKE AND UPPER DOUBLES LAKE
DREDGING -

9.2.4.1 Dredg‘i“ng

Dredging in Spring, Big Missouri and Upper Doubles Lakes would in general have long-
term benefits to natural resources in the Ambrough Slough complex. Additionally, access
dredging in portions of Ambrough Slough would be necessary to complete dredging in these
three lakes. Increased bathymetric diversity in Ambrough Slough would result in increased
access to dredged areas in these two lakes with benefits te fish and wildlife resources.

Water Quality - Detailed effects of the project on water quality are described in the
attached Clean Water Act Section 404(b)(1) evaluation (attachment 3). Increased turbidity and
suspended solids levels would be expected during dredging in Spring, Big Missourt and Upper
Doubles Lakes. Sediment core samples collected by the Corps of Engineers in April 1998
indicated that contaminants of concern were comparable to other backwater areas of the Upper
Mississippi River. No pestictdes or PCBs were present in detectable concentrations.

While reduced water quality would be expected in Spring, Big Missouri and Upper
Doubles Lakes during dredging operations, the long-term impacts on.water quality should be
positive. Creation of deeper water areas in Spring, Big Missour1 and Upper Doubles Lakes
should increase the persistence of adequate dissolved oxygen levels during the winter,

Aquatic Habitat - Four factors typically used in describing aquatic habitat include depth,
current velocity, substrate and cover. In combination with water quality, these factors are
considered the most significant in defining the physical and hydraulic features which define
suitable habitat for most fish species. Dredging would directly affect depth and substrate and
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indirectly affect current velocity and cover. Increased depth and the exposure of sandy substrates
would result in increased bathymetric and substrate diversity. Improved conditions for
overwintering backwater fish species, such as bluegills and crappies would be realized because a
larger area of deep water habitat with suitable temperatures, current velocities and dissolved
oxygen levels would be created.

Terrestrial/Wetland Habitat - Dredging would be conducted in aquatic habitats and would
have no direct adverse impacts on terrestrial/wetland habitats, however, a pipeline would need to
be extended from the dredging sites through floodplain forest/wetlands to the disposal site.

Some minimal clearing of vegetation would be necessary along the pipeline route. A flexible
plastic pipe is typically used to convey dredged sediments between dredging and disposal areas.
This pipe can be snaked through the floodplain forest with minimal clearing of overstory
vegetation necessary. Very minimal impacts on terrestrial/wetland habitats are expected.

Fish and Wildlife - Extermination of benthic invertebrates located within dredge cuts in
Spring, Big Missouri and Upper Doubles Lakes and in Ambrough Slough where access dredging
is necessary would be an unavoidable adverse impact of dredging. However, recent surveys of
Spring and Big Missouri Lakes revealed the nearly complete absence of freshwater mussels in
these lakes and low densities of freshwater mussels in Ambrough Slough. The fine silt substrates
present in these backwater lakes provides poor habitat for freshwater mussels.

Fish species in Spring, Big Missouri and Upper Doubles Lakes would likely aveid use of
dredging areas.during project completion. Some short-term adverse impacts would be expected, .

The long-term positive impacts of dredging on aquatic habitat diversity and interspersion
should translate into positive effects on fish species throughout the entire Ambrough Slough
complex. Three of the lakes in the complex (Spring, Big Missouri and Upper Doubles Lakes)
would have habitat conditions suitable for both summer and winter use by centrarchids and other
lentic fish species. The provision of suitable wintertime habitat would substantially improve the
overall suitability of the Ambrough Slough complex.

Threatened and Endangered Species - The proposed dredging in Spring, Big Missour and
Upper Doubles Lakes and access dredging in Ambrough Slough would not have significant
impacts on threatened and endangered species. No known active bald eagle nests are located
within 2 miles of any of the dredging sites.

No endangered mussel species have been collected in recent surveys in Spring and Big
Missouri Lakes and in Ambrough Slough. It is the St. Paul District’s assessment the proposed

dredging would have no adverse impacts on threatened or endangered species. The U.S: Fish and
Wildlife Service concurs with this opinion. :

A number of State listed fish and mussel species are listed from the project area,
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however, a review of the habitat conditions preferred by these species suggest a low probability
of these species occurring in the immediate dredging locations. It is the St. Paul District’s
conclusion dredging Spring, Big Missouri and Upper Doubles Lakes and access dredging in
Ambrough Slough would have no more than minor impacts on State listed threatened and
endangered species. : '

9.2.4.2 Dredged Material Placement

Four potential placement sites for placement of materials dredged from Spring, Big
Missouri and Upper Doubles Lakes have been identified (plate 11). Tt is possible that use of a
combination of these sites would be necessary to provide the capacity needed to contain
approximately 230,000 m® of dredged material. Construction of dikes would be necessary to
contain/dewater hydraulically dredged materials. Depending on which sites are utilized, effluent
would be routed back to the UMR via a small drainage ditch between the Dillman and Pedretti
Pit sites, directly to Ambrough Slough via a pipe, to Ambrough Slough via overland flow or to
Spring Lake if the Hunzeker/Toberman sites are used.

The selected disposal sites would be adequately designed to provide settling of suspended
materials and produce high quality effluent. The sediments in Spring, Big Missouri and Upper
Doubles Lakes arc relatively clean (comparable to other Mississippi River backwaters) and no
introduction or resuspension of contaminants is expected. Effluent quality will be monitored and

- majntained within State standards. No long-term adverse impacts on water quality are
anticipated. : - '

The cuitent use of the Diilman, Hunzecker, and Toberman disposal sites is agriculture.
Both corn and soybeans have been grown on the sites in the recent past. The disturbed nature of
the sites including the lack of permanent cover limits the sites” habitat suitability. Use of the
sites for dredged material disposal would not impact the sites’ current low value as wildlife
habitat. Upon completion of dredged material placement, the sites would be restored as desired
by the current landowners. For this assessment, it is assumed use of the sites would revert back

to production of agricultural crops with no long-term adverse impacts on fish and wildlife
habitats.

The Pedretti Pit site is a currently active sand and gravel mine pit. The pit is filled with
water and may have some marginal fisheries value, and is probably used by waterfowl on
occasion. If used, the pit would likely filled level with the adjacent field surfaces, eliminating any
fisheries/waterfow! uses associated with its current condition. However, the impacts of filling
the pit on fish and wildlife habitat would be minimal.

No known bald cagle nests or roosts are located in the immediate vicinity. A bald eagle

nest is located approximately 1.7 miles north of the Hunzeker property. The fields do not
provide the kind of habitat preferred by bald eagles and no impacts on this species are expected.
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Use of any of the proposed sites would have no tmpacts on threatened and endangered species.
The U.S. Fish and Wildlife Service concurs with this opinion.

9.2.5 GREMORE LAKE CHANNEL

The habitat benefits of increasing flows into Gremore Lake are discussed in section
7.2.6.3. In general, increased flows into Gremore Lake would improve conditions for backwater
fish species by alleviating dissolved oxygen depletion during the winter.

9.2.5.1 Water Quality

The long-term impacts on water quality would be positive. The inlet channel would
supply oxygenated water to Gremore Lake thereby alleviating problems with low wintertime
dissolved oxygen concentrations. '

Some short-term adverse impacts on water quality would be expected during construction
of the channel. Excavation of sediments from within Gremore Lake to connect Ambrough
Slough with deeper water in Gremore would result in temporary and short-term increases in
suspended solids and turbidity.

9.2.5.2 Aquatic Habitat

The current physical habitat conditions in Gremore Lake are good. Coustruction of an
inlet channel would not aciversely affect these conditions. By improving wintertime dissolved
oxygen concentrations, increased utilization of Gremore Lake by biuegills would be aitticipated.

9.2.5.3 Terrestrial/Wetland Habitat

Excavation of an open channel would impact less than 0.03 hectares of floodplain
forest/terrestrial habitat. The area where the channel is proposed is maintained as a parking area
for vehicles and boat trailers. Additionally, a number of residences in the area detract from the
sites usefulness as floodplain forest habitat. The impacts on terrestrial habitats of excavating a
channel through this area would be minimal.

Materials removed from the channel would be disposed of on the same agricultural field
used for disposal of materials dredged from Spring, Big Missouri and Upper Doubles Lakes.
Placement of materials on this site would have little or no impacts on terrestrial or wetland
habitat.
9.2.5.4 Fish and Wildlife

Improved wintertime dissolved oxygen conditions in Gremore Lake would overall
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improve habitat conditions for centrarchids in the Ambrough Slough complex.

9.2.5.5 Threatened and Endangered Species

No known bald cagle nests or roosts are located in the immediate vicinity. The
maintained nature of the parking area and the presence of nearby residences does not provide the
kind of habitat preferred by bald eagles and no impacts on this species are expected. The fine silt
substrates present in Gremore Lake and Ambrough Slough are poorly suited for colonization by
Lampsilis higginsi. Excavation of the proposed channel would have no impacts on threatened
and endangered species. The U.S. Fish and Wildlife Service concurs with this opinion.

9.2.6 SUMMARY AND CUMULATIVE, IMPACTS DISCUSSION

Overall, the proposed project would have positive impacts on secondary channel habitat
and on contiguous impounded aquatic habitat. Winter conditions for centrarchids would be
enhanced in five geographically different areas of Ambrough Slough.

A multitude of factors will affect the future environment of the Upper Mississippi River
and in this case the Ambrough Slough complex; continued operation and maintenance of the
navigation system, hydrologic and hydraulic processes in an altered environment, commercial
traffic, public use, point and non-point poltution, commercial and residential development,
agricultural practices and watershed management, exotic species, and a host of other factors.

- Section 4.0 of this document summarizes the historic changes that have occurred in
Ambrough Slough and provides an overview of projected future conditions. The cumulative
impacts of the proposed Ambrough Slough/Gremore Lake HREP have been discussed in
preceding sections of this document and are summarized in table 9-1. Briefly, the proposed plan
would have beneficial impacts on secondary channel and contiguous impounded aquatic habitats,
The proposed plan would contribute to the goals identified in section 5.0 of this document by
preserving and enhancing habitat quality and diversity within the study area.
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9.3 CULTURAL RESOURCE EFFECTS

Cultural resources surveys have been completed for the Ambrough Slough project area of
potential effect for cultural resources,. This includes the Dillman field, the Toberman and
Hunzeker fields, and the shores and shallows of four lakes to be dredged: Spring Lake, Big
Missouri Lake, Upper Doubles Lake and Tilmont Lake. The survey (F. Florin and T. Madigan,
2000. Phase I Cultural Resources Investigation of Ambrough Slough Environmental
Management Program Project, Mississippi River Pool 10, Crawford County, Wisconsin.
Hemisphere Field Services Report of Tnvestigation Number 608. Minneapolis.) identified three
archaeological sites in the Dillman field. These sites are small lithic scatters, but may be eligible
for the National Register. Two sites are located on the northwestern edge on the Dillman field on
a small rise, and the third, situated some 100 cm below ground surface, is in the southeastern part
of the field. The Hunzeker and Toberman fields, located on an alluvial fan complex, revealed no
archaeological material on the surface. Deep coring of the fans show a low potential for buried
surfaces within the Toberman file. However, an archaeological site underlies the 1.5 meters of
historic alluvium that makes up the fan in the Hunzeker field arca.

The Dillman field, where the three small lithic scatter sites were identified, is proposed
for dredged material disposal. If the dredged material disposal can be contoured around the sites,
the project will have not affect any historic properties (36 CFR Part 800.4(d)(1). The site
revealed by the deep coring in the Hunzeker field would not be affected by the placement of
further material on the surface, as long as no deep ground disturbance is proposed.

Disturbance of the Pedretti field with its khown mound sites s_hould be avoided However,
deposition of dredged material in the gravel pit on the Pedretti property should have no effect on
the iound sites, as long as surface disturbance is avoided.

In accordance with Section 106 of the National Historic Preservation Act, as amended
and its implementing regulations 36 CFR Part 800, documentation of this determination that no
historic properties will be affected by the Ambrough Slough project is being coordinated with the
Wisconsin State Historic Preseservation Office.
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9.4 SOCIOECONOMIC EFFECTS
9.4.1 NOISE

During project construction, there will be noise generated by construction equipment.
There are no sensitive receptors (hospitals, schools, etc.) near or adjacent to the project arca. The
dredge operating in Spring Lake, Big Missouri Lake, and Upper Doubles Lake will be in
relatively isolated locations and should not have any noise impacts on the public.

Operations at the dredged material placement site will be closer to areas frequented by the
public. However, the site is located adjacent to a busy State highway so it is unlikely that the

noise associated with the operation of heavy equipment at this site would have any adverse
effects.

Construction of the channel to Gremore Lake would create additional noise that could
bother nearby residents. However, the construction will take place adjacent to a heavily used
boat landing where there already is substantial activity during the summer months. Thus, the

additional short term noise increases associated with construction of the channel are not expected
to have a significant effect.

9.4.2 AESTHETICS

Construction of project features will have short-term aesthetic effects. The restored
penmsula at Tilmont Lake should vegetate quickly and blend into the surroundings within a few
. yéars. The rock closures will be small and unobtrusive, and will not be very visible from any -
distance.

Use of the agricultural field for dredged material placement will occur next to a busy
State highway. There is a lot of development occurring along this highway north of Prairic du
Chien, and this activity will probably be viewed with curiosity rather than as a visual intrusion.

9.4.3 RECREATION

Construction of the Gremore Lake channel is likely to be an inconvenience to users of the
Wisconsin DNR boat landing on Ambrough Slough. Available parking is likely going to be
reduced, especially during construction when portions of the parking lot are likely to be used by
construction equipment.

In the long term, if the project is successful in improving habitat quality for the backwater
fish community within the Ambrough Slough complex, fishing opportunities and success should
also increase.
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SUMMARY OF PLAN ACCOMPLISHMENTS

The selected plan will substantially improve habitat conditions for the backwater fish
community in the Ambrough Slough complex through a combination of flow control and
dredging. Habitat conditions will be improved in five backwater lakes - Spring Lake, Big
Missouri Lake, Upper Doubles Lake, Tilmont Lake, and Gremore Lake - totaling approximately
220 hectares. The habitat quality in these lakes will be increased from 35 to 67 percent,
depending upon the lake. The project will generate an estimated 165 average annual habitat units
of quantifiable benefits.

In addition to the direct quantifiable benefits noted above, the fishery in other lakes and
sloughs in the Ambrough Slough complex will benefit. Many of the other lakes and sloughs such
as Fish Lake, Lower Doubles Lake, Dark Slough, and Ambrough Slough proper provide average
to good summer habitat for backwater fish species. Tmprovement of habitat conditions in the
above five lakes will provide overwintering habitat for fish using these other water bodies. Thus,
in addition to directly benefiting about 220 hectares of aquatic habitat, the area of aquatic that
will be secondarily benefited is likely at least as large, if not larger, than the area directly
affected.
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OPERATION, MAINTENANCE, AND REHABILITATION

11.1 GENERAL

Upon completion of construction, the U.S. Fish and Wildlife Service would accept
responsibility for those features of the project located within the Upper Mississippi River
National Wildlife and Fish Refuge in accordance with Section 107(b) of the Water Resources
Development Act of 1992. These features include the following:

Black Slough partial closure structure
Upper Doubles Lake closure structure
Tilmont Lake peninsula restoration
Spring Lake dredged area

Big Missouri Lake dredged area )
Upper Doubles Lake dredged area

The operation and maintenance responsibilities of the 1.S. Fish and Wildlife Service are
addressed in the Memorandum of Agreement for the proj ect (attachment 7).

The Wisconsin DNR would accept responsibility for those features of the project located
outside the Upper Mississippi River National Wildlife and Fish Refuge. The only feature located
outside of the Refuge is the Gremore Lake channel. The operation and maintenance
responsibilities of the Wisconsin DNR are addressed in the draft Project Cooperation Agreement
for the project (attachment 8).

Specific operation and maintenance requirements would be defined in project operation
and maintenance (O&M) manuals which would be prepared by the Corps of Engineers, and
coordinated with the U.S. Fish and Wildlife Service and the Wisconsin DNR, respectively.

11.2 OPERATION

The are no specific operational requirements associated with any of the project features
that would be the responsibility of the U.S. Fish and Wildlife Service. The Service would be
required to conduct periodic inspections of their portions of the project and submit reports of
inspection activities and maintenance performed.

The Wisconsin DNR would be responsible for operation of the Gremore Lake feature,
essentially regulating flow into Gremore Lake through use of the stoplog control structure placed
on the culvert under Ambro Road. No operation plan has been established for this feature. The
Wisconsin DNR would adjust the amount of flow allowed into Gremore Lake based upon water
quality monitoring, time of year, and river stages. Tt is expected that the operation for the first
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few years following construction will be more frequent until experience is a gained concerning
the optimum amount of flow to allow into the lake.

11.3 MAINTENANCE

The U.S. Fish and Wildlife Service will perform maintenance on the Black Slough partial
closure structure as necessary for it to remain functional. No maintenance will be required on
the Upper Doubles Lake closure structure, the restored Tilmont Lake peninsula, or the Tilmont
Lake rock closure. These features were assumed to have a 25-year project life without
maintenance. At their own discretion, the U.S. Fish and Wildlife Service may perform
maintenance of these features if they determine it desirable to do so.

No maintenance will be required of the dredged areas in Spring Lake, Big Missouri Lake,
and Upper Doubles Lake. The proposed dredging is designed to provide habitat benefits for a
50-project life assuming normal sedimentation. Excessive sedimentation caused by a
catastrophic event such as a large flood would be covered under the “Major Rehabilitation”
provision contained in the Memorandum of Agreement.

The estimated average annual operation and maintenance costs for the U.S. Fish and
Wildlife Service maintained portion of the project are shown in table 11-1. The average annual
costs are shown in October 1999 price levels.

Table 11-1
Average Annual Operation and Maintenance Costs - U.S. Fish and Wildlife Service

O&M Event Average

Feature Cycle Cost Annual Cost
a. Black Slough closure rock replacement 20-yr $39,500 $1,004
b. Inspection and reporting L-yr 1,500 1,500
Average annual amount . $2,504

The Wisconsin DNR will perform maintenance on the Gremore Iake channel, most of
which is expected to be in the form of keeping the channel free of sediment and debris. The
estimated average annual operation and maintenance costs for the Wisconsin DNR maintained
portion of the project are shown in table 11-2
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Table 11-2
Average Annual Operation and Maintenance Costs - Wisconsin DNR

O&M Event Average
Feature Cycle Cost Annual Cost
a. Rock replacement 20-yr $ 6,500 $ 165
b. Channel cleanout 10-yr 984 72
c¢. Structure maintenance 25-yr 38,600 644
d. Inspection and reporting 1-yr 3,000 3,000
Average annual amount $3,881
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PROJECT PERFORMANCE EVALUATION

Project performance evaluation was designed to directly measure the degree of attainment
of the project objectives. Table 12-1 summarizes the overall monitoring approach used for
UMRS-EMP habitat projects. Table 12-2 summarizes the specific monitoring that would be
conducted for the recommended features of the Ambrough Slough project.

Monitoring of water quality parameters (dissolved oxygen, current velocity, and
temperature) would occur in the lakes targeted by the proposed restoration and enhancement
features - Spring Lake, Big Missouri Lake, Upper Doubles Lake, Tilmont Lake, and Gremore
Lake. Additional monitoring may be conducted in one or two of the other area lakes, such as
Lower Doubles Lake or Fish Lake, to serve as a control.

Flow monitoring would be conducted at the Gremore Lake culvert and the rock closure
structures at Black Slough, Upper Doubles Lake, and Tilmont Lake.

Bathymetric and aquatic vegetation surveys would be conducted in those lakes that will
be dredged - Spring Lake, Big Missouri Lake, and Upper Doubles Lake. Again, comparison

surveys of other lakes may also be conducted.

The Wisconsin DNR will conduct fish surveys within the Ambrough Slough complex as
time and funding permit.
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TABLE 12-1
UMRS-EMP Monitoring and Performance Evaluation Matrix

Type of Responsible Implementing Funding
Activity Purpose Agency Agency Source Remarks
Problem System-wide problem definition. NBS NBS . LTRM Lead into pre-project
Anatysis Evaluate planning assumptions. {EMTC) monitoring; define desired
conditions for plan
formulation.
Pre-project Identify and define problems Sponsor Sponsor Sponsor  Should attempt to begin
Monitoring at specific sites. defining baseline.
Baseline Establish baselines for Corps Field sfations or HREP Should be over several
Monitoring performance evaluation. sponsors thru Cooperative years to reconcile
' Agreements, or Corps.* perturbations.

Data Collection 1. Identify project objectives. Corps Corps HREP After fact sheet. Data may
for Design 2. Design of project. aid in defining baseline.

3. Develop Performance

Evaluation Plan,
Construction Assure permit conditions Corps Corps HREP
Monitoring met.
Performance Determine success of projects. ‘ Corps Field stations or HREP After construction.
Evaluation sponscrs thru Cooperative
Monitoring Agreements, sponsor thru

Q&M**, or Corps.*

Analysis of 1. Determine ¢ritical impact NBS - NBS LTRM  Biological Respanse Study
Biological levels, cause-effect relationships, (EMTC) tasks beyond scope of
Responses to and long-term losses of Performance Evaluation,
Projects significant habitat. : Problem Analysis, and

2. Demonstrate success or Corps Corps/NBS HREP Trend Analysis.

response of biota, {(EMTC)/Others

*Choice depends on logistics. When done by the States under a Cooperative Agreement, the role of the EMTC will be to:
(1) advise and assist in assuring QA/QC consistency, (2) review and comment on reasonableness of cost estimates, and
(3) be the financial manager. If a private firm or State is funded by contract, coordination with the EMTC is required to
assure QA/QC consistency.

**Some limited reporting of information for some projects (e.g., waterfowl management areas) could be fumished by
on-site personnel as part of O&M.
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TABLE 12-2

POST-CONSTRUCTION MONITORING

Project Enhancement Unit of Measurement Monitoring Projected
Goal Objective Feature Measure Plan Interval Cost/Effort
Improve habitat Create overwintering | Dredging; partial diss. oxy. (mg/) Monitor dissolved 1, 2, 4, 10, 20, 30, 40, $8,000
conditions for _habitat: closure sfructures; velocity {cm/sec) oxygen, current velocity, | and 50 years post-
backwater fish a.> 3mg/ DO peninsula restoration;; temp (deg. C) water temperature, and | construction.
species b. <1 em/sec vel. flow introduction. discharge (m3/sec) discharge during the
¢. 2-4 degrees C winter.
over 35% of area &
1-2 degrees C over
65% of area depth (meters) Bathymetric surveys 10, 30, and 50 years $10,000
d. 0-1 meter < 20% post-construction.
1-2 meters > 70 %
> 2 meters > 10%
Create summer Dredging; partial diss. oxy. (mg/l) Monitor dissolved 1,2, 4,10, 20, 30, 40, $8,000
habitat; closure structures; velocity (cm/sec) oxygen, current velocity, | and 50 years post-
a.>5mg/lDO peninsula restoration;| temp {deg. C} water temperature, and | construction.
b. <1 cmv/sec vel. flow introduction. discharge {m3/sec) discharge during the
over 40% of area summer. _
¢. 40-60% aquatic aquatic veg. (% cover) | Aquatic plant surveys 1,5, 10, 20, 30, 40, $10,000
vegetation cover and 50 years post-
d. > 1 meter over construction.
50% of area
e. Structural cover depth (meters) Bathymetric surveys 10, 30, and 50 years (addressed by

f. Within 3 km of
overwintering habitat

post-construction.

above noted
surveys)




COST ESTIMATE

The total project cost (fully funded) for the selected plan is estimated to be $2,428,600 as
summarized in table 13-1. This cost does not include prior allocations of $300,000 for general
design (planning). A detailed cost estimate is contained in attachment 2. The Wisconsin DNR
would be responsible for 35 percent of total project costs for cost-shared features (including
planning). Table 13-2 summarizes the estimated non-Federal share of project costs.

Table 13-1
Summary of the Selected Plan and Costs

Construction PED Con. Mgmt, Total

Mobilization* $ 146,000 § 0 $ 0 $ 146,000
Black Sl. partial closure structure 69,200 12,000 6,200 87,400
Upper Doubles L. closure structure 20,600 3,600 1,800 26,000
Tilmont L. peninsula restoration 375,400 65,400 32,900 473,700
Spring L. dredging 400,800 39,100 19,800 459,700
Big Missouri L. dredging 251,400 24,500 12,400 288,300
Upper Doubles L. dredging 371,700 36,300 18,400 426,400
Channel to Gremore L.* o 222,800 42,400 17,100 282,300
Disposal Site Preparation 194,700 26,400 17,700 238.800

Total ‘ $2,052,600  $249,700 $126,300 $2,428,600

* Features cost shared by the Wisconsin Dept. of Natural Resources

Table 13-2
Estimated Non-Federal Project Costs

Non-Federal
Feature Total Cost Federal Cost Cost
Planning* $ 25,000 $ 16,250 $ 8,750
Mobilization®* $ 25,100 $ 16,315 $ 8,785
Gremore Lake Channel $222.800 $144,820 $ 77,980
Planning, Engineering, & Design  § 42,400 $ 27,560 $ 14,840
Construction Management $ 17,100 $ 11,115 $ 5985
Total - $332,400 $216,060 $116,340

* planning costs for cost shared features
** mobilization of land based plant
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REAL ESTATE REQUIREMENTS

This habitat rehabilitation and enhancement project is located in pool 10 of the Upper
Mississippt River in Crawford County, Wisconsin. The following features will be constructed
entirely on lands owned and operated by the United States of America. These lands are
administered by the U.S. Fish and Wildlife Service and are managed by the Service as part of the
Upper Mississippi River National Wildlife and ¥ish Refuge.

Black Slough closure structure

Upper Doubles Lake closure structure
Tilniont Lake peninsula restoration
Spring Lake dredging

Big Missouri Lake dredging

Upper Doubles Lake dredging

The Gremore Lake channel would be constructed on lands owned by the State of

Wisconsin and administered by the Wisconsin Department of Natural Resources, the non-Federal
sponsor for this feature,

Dredged material from the dredging of Spring Lake, Big Missouri Lake, and Upper

Doubles Lake would be placed on private property. Five-year permits have been obtained from
the landowners for the placement of dredged material at these sites.
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SCHEDULE FOR DESIGN AND CONSTRUCTION

A schedule for review and approval, major work tasks, and project construction is shown
below. This schedule assumes the availability of funds to prepare plans and specifications and
undertake construction will not be limiting.

Requirement Scheduled Date
Submit final Definite Project Report to Mississippi Valley

Division, U.S. Army Corps of Engineers Jan 2000
Obtain construction approval by Mississippi Valley Division,

U.S. Army Corps of Engineers ' Apr 2001
Complete plans and specifications July 2001
Advertise for bids Aug 2001
Award Contract Sep 2001

Complete Construction Nov 2002
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IMPLEMENTATION RESPONSIBILITIES

The responsibility of plan implementation and construction fall to the Corps of Engincers
as the lead Federal agency. After construction of the project, project operation and maintenance
would be required for features of the project as outlined in the OPERATION, MAINTENANCE,
AND REHABILITATION section of this report. The U.S. Fish and Wildlife Service would be
responsible for operation and maintenance of those features located on the Upper Mississippi
National Wildlife and Fish Refuge. The Wisconsin Department of Natural Resources would be
responsible for operation and maintenance of the Gremore Lake channel.

Should rehabilitation of those portions of the Ambrough Slough project located on the
Refuge be needed which exceeds the annual maintenance requirements (as a result of a specific
storm or flood), a mutual decision between the participating agencies will be made whether or
not to rehabilitate those portions of the project. If rehabilitated, the Federal share of
rehabilitation would be the responsibility of the Corps of Engineers.

Performance evaluation, which includes monitoring of physical/chemical conditions and
some limited biological parameters, would be a Corps of Engineers responsibility.

Attachment 7 contains a draft copy of the formal agreement that would be entered into by
the Corps of Engineers and the U.S. Fish and Wildlife Service. The Memorandum of Agreement
formally establishes the relationships between the Department of the Army, represented by the
Corps of Engineers, and the U.S. Fish and Wildlife Service in constructing, operating, and
maintaining those features of the Ambrough Slough project located within the Refuge.

Attachment 8 contains a draft Project Cooperation Agreement (PCA) that would be
entered into by the Corps of Engineers and the Wisconsin Department of Natural Resources for

the construction, operation, maintenance, repair, and rehabilitation of the Gremore Lake channel
feature of the Ambrough Slough project.
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COORDINATION, PUBLIC VIEWS, AND COMMENTS

The planning for the Ambrough Slough project has been an interagency effort involving
the St. Paul District, the U.S. Fish and Wildlife Service, and the Wisconsin and Towa
Departments of Natural Resources. Interagency coordination meetings and site visits were held
on a periodic basis throughout the study phase. In additions to the meetings, informal
coordination took place on an as-needed basis to address specific problems, issues, and ideas.

A public meeting was held in Prairie du Chien, Wisconsin, on 7 August 1997 to inform
the public of the study and solicit input concerning fish and wildlife habitat conditions and
problems within the project area. This meeting was attended by 32 private citizens, local media
representatives, and representatives of the Federal and State agencies participating in the study.

A Problem Appraisal Report was completed for the project in October 1997 which
addressed the existing conditions and habitat problems in the project area, identified habitat goals
and objectives, and identified altematives to be studied in detail that would address the habitat
goals and objectives.

The draft Definite Project Report/Environmental Assessment was sent to Congressional
mterests; Federal, State and local agencies; special interest groups; interested citizens; and others

as listed in attachment 9.

A public meeting on the proposed project was held in Prairie du Chien on 8 May 2000.
This meeting was attended by 22 private citizens.
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CONCLUSIONS

The Ambrough Slough habitat rehabilitation and enhancement project provides the
opportunity to restore habitat for {ish and wildlife indigenous to the Upper Mississippi River. A
number of measures are aimed at correcting existing habitat problems and improving habitat
conditions for the backwater fish community within the Ambrough Slough complex. The
proposed dredging in Spring Lake, Big Missouri Lake, and Upper Doubles Lake will
substantially improve the quality of fish habitat in these lakes during both the winter and the
summer.

Construction of the proposed closure structures at Black Slough, Upper Doubles Lake,
and Tilmont Lake, and restoration of the peninsula at Tilmont Lake will reduce winter flows
entering Tilmont Lake, Upper Doubles Lake, and other aquatic areas within the Ambrough
Slough complex, substantially improving winter habitat conditions for the backwater fish
community. Construction of the Tilmont Lake peninsula restoration feature will also provide a
unique opportunity to evaluate the stability of earthen structures protected only by vegetation.

Introduction of flow to Gremore Lake will alleviate winter dissolved oxygen depletion
problems in the lake, resulting in a significant gain in available overwintering habitat for the
local backwater fish community.

The habitat benefits that would be gained by the Upper Mississippi River System from

implementation of the recommended project justify expenditure of public funds for preparation
of plans and specifications and for construction. ‘
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RECOMMENDATION

I have weighed the accomplishments to be obtained from the Ambrough Slough project
against its cost and have considered the alternatives, impacts, and scope of the proposed project.
In my judgement, the cost the project is a justified expenditure of Federal funds. Those portions
of the project located on national wildlife refuge lands would be a 100-percent Federal cost
according to Section 906 (e) of Public Law. The total estimated cost of those features is
$2,396,200 (including sunk general design costs of $275,000).

The remainder of the project would be cost shared 65 percent Federal and 35 percent non-
Federal, with the Wisconsin Department of Natural Resources serving as the non-Federal
sponsor. The total estimated cost to be cost shared is $332,400 (including sunk general design
costs of $25,000). The Federal share of these costs would be $216,060, while the non-Federal,
share would be $116,340.

The total Federal project cost (including sunk general design costs of $291,250) will be
$2,612,260. Irecommend that the Ambrough Slough Project for habitat restoration and
enhancement in pool 10 of the Upper Mississippi River be approved for construction.

W dpihoin

nneth S. Kasprisin
olonel, Corps of Engineers
District Engineer
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FINDING OF NO SIGNIFICANT IMPACT

In accordance with the National Environmental Policy Act of 1969, the St. Paul District, Corps of Engineers
has assessed the environmental impacts of the following project.

AMBROUGH SLOUGH
HABITAT REHABILITATION AND ENHANCEMENT PROJECT
POOL 10, UPPER MISSISSIPPI RIVER
CRAWFORD COUNTY, WISCONSIN

The St. Paul District, Corps of Engineers in coordination with Federal and State resource management
agencies has developed a habitat rehabilitation and enhancement plan for the Ambrough Slough area of pool
10 of the Upper Mississippi River. The goals of the plan include; improving habitat conditions for
backwater fish species at four locations in the Ambrough Slough/Gremore Take complex, maintaining
and/or enhancing habitat for riverine species of fish and mussels in the Ambrough Slough complex,
maintaining and/or enhancing habitat for migratory water birds and maintaining and/or enhancing habitat for
migratory and resident vertebrates. To accomplish these goals, the following actions are proposed: 1)
construction of a partial closure in Black Slough to reduce inflows into the Ambrough Slough complex, 2)
construction of a closure across the channel between Big Missouri and Upper Doubles Lakes to reduce flows
into and through Upper Doubles Lake, 3) construction of an island peninsula near Tilmont Lake and
construction of a channel closure in Tilmont Lake, 4} dredging approximately 230,000 m’ of sediment from
three backwater lakes (Spring, Big Missouri and Upper Doubles) to increase habitat diversity and improve
conditions for backwater fish.species (dredged materials would be placed on upland placement sites
currently being cropped, access dredging through Ambrough Slough would be necessary to enter Big
Missouri and Spring Lakes), and 5) construction of a channel from Ambrough Slough to Gremore Lake to
introduce oxygenated flowing water into Gremore Lake,

The finding of no significant impact is based on the following factors: (1) the proposed project would have
substantial positive impacts on aquatic habitats and habitat diversity and interspersion, and minor positive
impacts on terrestrial habitat, wetlands and biological productivity; (2) minor adverse impacts on water
quality would occur during construction, however, these impacts would be partially mitigated or short-term
in nature; (3) the project would have minor adverse impacts on the social environment through increased
noise, reduced aesthetic values and reduced recreational opportunities during project construction; (4) the
project would have a minor long-term beneficial effect on recreation; (5} the project would have no
appreciable effects on cultural resources; and (6) coordination with the appropriate State and Federal
agencies would be maintained. The environmental effects of the proposed project are discussed in the
environmental assessment section (Section 9.0} of the Definite Project Report/Environmental Assessment.

The environmental review process indicates the proposed action does not constitute a major Federal action
significantly affecting the quality of the human environment. Therefore, an environmental impact statement

will not be prepared.
s denthar

Kenneth S. Kasprisin
{C010nei, Corps of Engineers
District Engineer

12-31-00
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