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EXECUTIVE SUMMARY

Reelfoot Lake, Tennessee and Kentucky
Feasibility Report

The purpose of this report is to present the findings of a Feasibility Study of
water and related land resources problems in the Reelfoot Lake area. The Feasibility
Study was initiated in January 1995 following certification of the Reconnaissance
Report in December 1994. The Reconnaissance Report stated that Federal interest
existed and that feasible alternatives could be developed to address the planning
objectives for the study. The Feasibility Study consisted of a detailed analysis of
various alternative plans to select the most beneficial and cost effective solution to the
various problems identified in the area.

The study area is located east of the Mississippi River about 120 miles north
of Memphis, Tennessee and 6 miles east of Tiptonville, Tennessee, in Lake and
Obion Counties, Tennessee and Fulton County, Kentucky. Reelfoot Lake, formed by
the earthquakes of 1811-1812, covers approximately 15,500 acres at a pool elevation
of 282.2 NGVD in Tennessee and Kentucky. Reelfoot Lake is a nationally
significant and unique natural resource. It is the largest natural freshwater lake in
Tennessee and one of the largest in the country. The lake provides nesting and
feeding habitat for the Bald Eagle, a threatened species, while providing one of the
most highly productive fisheries in the area. Also, Reelfoot Lake is located within the
Mississippi Flyway and is widely used by waterfowl. The North American
Waterfowl Management Plan (NAWMP), an international treaty between the U.S.,
Canada, and Mexico, has identified the Lower Mississippi River Delta as a “priority
habitat range.” Reelfoot Lake was also identified as a “key area” for waterfowl in the
Lower Mississippi Valley Joint Venture, which is under the auspices of the NAWMP.

Flood control and drainage improvements in the basin have dramatically
impacted the quality of fish and wildlife habitat. Construction of the Mississippi
River levees in the 1930s stopped the almost annual recharge of the lake by overflow
from the Mississippi River. Construction of a spillway and Running Reelfoot Bayou
stabilized water level fluctuations of Reelfoot Lake and provided drainage for
surrounding areas. The resulting land clearing and conversion to agriculture practices
on lands surrounding the lake contributed to an unusually high rate of sediment
deposition in the lake, which is reducing the value of the lake’s aquatic habitat and
the lake’s value as a flood attenuation system.

The Feasibility Study examined the potential benefits and costs of various
features designed to restore and protect the environment (both terrestrial and aquatic)
in the Reelfoot Lake area. The selected features, which exhibit the highest levels of
environmental benefits, were combined into a recommended plan. The recommended
plan includes construction of an alternative spillway, bridge, inlet and outlet channels,
circulation channels within Reelfoot Lake, a sediment basin on Reelfoot Creek,
restoration of Shelby Lake and construction of waterfow! management units, and
improvements at Lake [som National Wildlife Refuge. The recommended plan also




includes implementation of a water level management plan for Reelfoot Lake which
is expected to improve aquatic habitat within the lake.

The draft Feasibility Report and DEIS recommended Plan 5b for
implementation. During the public review period, strong opposition to the Reelfoot
Lake water level management aspect of Plan 5b was presented. After supplemental
meetings and discussions, a revised recommended water level management plan for
Reelfoot Lake was developed. This plan addresses the major concerns of impacts to
farming and tourism while providing a stable lake level during times of fish
spawning. A comparison of the draft report recommendations (Plan Sb) and the
current recommendations are presented in the following table.

Draft Report Final Report
Features (Plan 5b) (Proposed Plan)
New spillway Included Included
Circulation Channels Included Included
Sediment Retention Basin Included Included
Shelby Lake and waterfowl] areas Included Included
Lake Isom improvements Included Included
Changes in water level management  Included (see Table Included (see Table 29 of
at Lake Isom NWR 29 of main report) main report)
Seasonal flowage easements in 104.7 acres 104.7 acres

vicinity of Lake Isom

Changes in water level management  Included (see Table Modified but included (see
of Reelfoot Lake 30 of mainreport)  Table 30 and the listing below
of proposed management)

Seasonal flowage easements around Included ' None

Reelfoot Lake in TN and KY

First Cost (1 Oct 98 P.L.) $30.0 million $27.8 million

Fully Funded Cost $35.3 million $32.6 million
OMRR&R $189,200 $189,200

Annual Costs (AAE) @ Current  $2.7 million $2.5 million

Interest Rate (7.125%)

Terrestrial Benefits 1,469 AHUV 1,469 AHUV

Aquatic Benefits 6,270 AHUV 4,414 AHUV

Waterfow! Benefits 13,397,000 WUD 6,272,000 WUD




The net environmental benefits of the recommended plan are reduced by
5 annual habitat unit values (AHUVs) and approximately 7,125,000 waterfowl
fays (WUDs) from Plan 5b. This reduction in benefits is primarily because the
g and summer high pool would not be raised to the level originally proposed.
ever, the recommended plan is a more implementable plan. The plan addresses
erns from farming interests by providing for jowering Reelfoot Lake to its
ner time elevation by March 15 instead of the current April 15 schedule so fields
rrepared earlier for spring planting. Also, the proposal for raising the Reelfoot
. an additional 0.3 feet is no longer included in the water level management plan.
serns about impacts of a drawdown are addressed by initially lowering the lake
wree feet as opposed to four. A three foot drawdown would be similar to that
ucted in 1985. Additional drawdowns are proposed to be phased in at levels up
ur feet depending on the performance of the previous drawdown. The revised
r level management plan which provides for a stable lake level from March 15 to
1 will benefit fish spawning. The proposed water level management plan for
foot Lake is as follows:

On a yearly basis:
November 15 - March 1: Allow Reelfoot Lake to fluctuate up to
elevation 283.2
March 1 - March 15: Lower Reelfoot Lake to elevation 282.7
March 15 - July 1: Hold Reelfoot Lake at elevation 282.7
July 1 - November 15: Allow Reelfoot Lake to fluctuate up to
elevation 282.7

Every 5 to 10 years:
June 1 - July 15: Lower Reelfoot Lake to the drawdown
elevation *

July 15 - November 15: Hold Reelfoot Lake at the drawdown
elevation *

November 16 - March 1: Allow Reelfoot Lake to refill up to
elevation 283.2

‘March 1: Manage Reelfoot Lake elevation
according to "yearly basis" schedule

listed above

N % TInitial drawdown of 3'. Future drawdowns of up to 4' as needed.

Full implementation of the recommended plan is expected to produce net
ronmental benefits of 1,469 terrestrial annual habitat unit values (AHUV’s),
4 aquatic AHUV's, and 6,272,000 waterfowl use days. The estimated first cost




(1 Octobef 1998 P.L.) of the recommended plan is $27,802,000 and the estimated
average annual cost is $2,466,100. The fully funded cost of the recommended plan is
currently estimated at $32,597,000.

Corps Civil Works Ecosystem Restoration Guidance, Chapter 4, Section VI,
ER 1105-2-100 dated 2 October 1997 identifies the restoration of ecosystems or parts
thereof, and their associated ecological resources as a priority project purpose.
Although it is not necessary for project authorization, priority is given to restoration
where a Corps project contributed to the degradation of the ecosystem. The fish and
wildlife habitat resources at Reelfoot Lake are nationally significant, and they have
greatly declined from modern historic conditions. Construction of Corps projects (the
Mississippi River levees and improvements to Running Reelfoot Bayou) contributed
in part to the degradation. The degraded resources will not be restored to a greater
level than modern historic conditions. Construction of the features identified, along
with implementation of the recommended water level management plan, is necessary
to prevent the continuing decline of these natural resources and to protect the public’s
investment in over 33,000 acres in the Reelfoot Lake area including two national
wildlife refuges, a state wildlife management area, and a state park. Construction of
these features would utilize the Corps interdisciplinary planning, engineering, design,
and construction expertise to restore and protect nationally significant fish and
wildlife habitat. :

The State of Tennessee, acting through the Tennessee Wildlife Resources
Agency, has indicated a willingness to participate on a cost shared basis in
implementation of the recommended plan. It has been concluded that the predicted
environmental benefits of the recommended plan outweigh the estimated costs and
therefore, the project is feasible and has Federal interest.
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Reelfoot Lake, Tennessee and Kentucky
Feasibility Report

INTRODUCTION

This report presents the results of the Reelfoot Lake, Tennessee and Kentucky,
Feasibility Study. This feasibility study has been conducted with the Tennessee Wildlife
Resources Agency (TWRA) participating as the local sponsor on a 50 percent cost
sharing basis. The feasibility study is based on the results of the Reelfoot Lake,
Tennessee and Kentucky, Reconnaissance Study which concluded that there was Federal
interest in proceeding to feasibility level studies and that feasible alternatives could be
developed to meet the planning objectives consistent with applicable laws and
regulations.

STUDY AUTHORITY

Recognizing the concerns of Federal and state agencies, local officials, and
individuals, the U.S. Senate and House of Representatives passed resolutions on August 2
and 8, 1984, respectively, requesting the Chief of Engineers “to review the report on the
Mississippi River and Tributaries project. . . and other pertinent reports with a view to
determining whether any modifications of the recommendations contained therein are
advisable, with particular reference to the need and feasibility of improvements in the
vicinity of Reelfoot Lake, Tennessee, in the interest of flood control, sediment control,
water quality, water supply, fish and wildlife preservation and enhancement, recreation,
regional development, and allied purposes”. Funds were provided to the U.S. Army
Corps of Engineers, Memphis District, in December 1985 to conduct the reconnaissance
portion of the investigation. The reconnaissance report was completed in May 1988 but
was not certified at that time.

Subsequent to the completion of the reconnaissance report in May 1988, revisions
occurred to the Corps of Engineers budget guidance, which elevated the restoration of
fish and wildlife habitat as a priority output of the Corps of Engineers. In particular,
Policy Guidance Letter No. 24, dated March 7, 1991, allowed the Corps of Engineers to
recommend fish and wildlife restoration activities “if justified and: (1) a Civil Works
project has contributed to the degradation . . . or (2) restoration can be most cost
effectively accomplished through modification of an existing Civil Works project...”. By
letter dated April 9, 1992, the state of Tennessee, ‘acting through the Tennessee Wildlife
Resources Agency, requested that the U.S. Army Corps of Engineers, Memphis District,
update the May 1988 reconnaissance report to include fish and wildlife habitat restoration
in addition to other Corps outputs.

Updating of the May 1988 reconnaissance report was initiated in November 1992
and completed in November 1993. The reconnaissance report was certified in December




1994. The reconnaissance report concluded that construction of previous Corps of
Engineers projects (the MlSSlSSlppl River Levees and improvements to Running Reelfoot
Bayou) had contributed in part to the degradation of nationally significant fish and
wildlife resources at Reelfoot Lake. The reconnaissance report identified a recommended
plan for restoration of the fish and wildlife resources and recommended proceeding into a
cost shared feasibility study for more in-depth evaluations of the benefits and costs of
implementing the recommended plan. Subsequent to completion of the reconnaissance
report and initiation of the feasibility study, the linkage of a Corps project to the
environmental degradation was no longer required for a determination of Federal interest.

PURPOSE AND SCOPE OF STUDY

The purpose of the feasibility study is to conduct a thorough investigation of the
problems and needs of the area, develop alternative plans to address these problems and
needs and to select the optimum plan based on the projected benefits. The feasibility
report serves to document the findings of the feasibility study. The results are based upon
the analysis of both data collected during the feasibility study and historical data
accumulated from previous studies and/or other sources. The geographic study area is
comprised of the Reelfoot Lake vicinity which, for this study, was interpreted as Reelfoot
Lake, the surrounding area, and the areas downstream which were once periodically
flooded by the Mississippi River before construction of the Mississippi River levees.
Technical designs for this study include biological, engineering, and economic
evaluations of various alternatives along with required real estate and planning
evaluations. A draft Environmental Impact Statement was also prepared to accompany
this study.

OTHER STUDIES AND PROJECTS IN THE AREA

Prior Studies and Reports

ngress, 2d Session. This document contains a
report dated April 16, 1946 which recommended draining impounded runoff and seepage
in the vicinity of Lake No. 9 by enlargement and realignment of the existing drain from
below French Point to Lake No. 9 and construction of a new ditch south of Black Bayou,
thence southeasterly along Black Bayou to Reelfoot Lake. This work was authorized by
the Flood Control Act of July 24, 1946.:

Senate Document No. 160, 83d angrggs,ig Session. This document contains

a report dated June 17, 1954 which recommended cleaning out and enlarging 16.5 miles
of the Bayou du Chien channel from southwest of Hickman, Kentucky, to Reelfoot Lake.
It also authorized the enlargement of Running Reelfoot Bayou from the spillway at
Reelfoot Lake to the upper end of work already authorized on this channel and

(8]




modification downétream to the Obion River. This work was authorized by the Flood
Control Act of September 3, 1954.

n th Con 2 ion. This document contains a

report dated November 30, 1959 which recommended that the improvements in the
Reelfoot Lake area be completed as authorized and sedimentation surveys be continued
on Reelfoot Lake. This work was authorized by the Flood Control Act of October 27,
1965.

House Document No. 414, 91% Congress, 2d Session. This document contains a

review report on the Western Tennessee Tributaries, Tennessee and Kentucky. Dated
April 15, 1969, it was prepared in response to a resolution adopted June 19, 1963 by the
committee on public works of the House of Representatives, United States Congress, to
determine whether any modifications were advisable at that time with respect to flood
control and drainage in Lake and Obion Counties, Tennessee, and Fulton County,
Kentucky. The plan of improvement recommended in the review report consisted of the
enlargement and realignment of Bayou du Chien from an existing gravity outlet in the
southwest corner of Hickman, Kentucky to a point just north of the Kentucky highway 94
crossing over Bayou du Chien. From here the plan called for a diversion channel to the
Lake No. 9 channel in the Fish Pond area, enlargement of the Lake No. 9 channel through
Lake No. 9 to a pumping station to be constructed just north of the Tennessee state line,
and approximately two miles of channel construction to facilitate drainage from the
northwest cormner of Lake County, Tennessee to the pumping station. The plan also
included an earthen plug in the Bayou du Chien channel immediately downstream of the
diversion channel. Resolutions adopted by the House and Senate Public Works
Committees in December 1970 approved the project for flood protection on the Western
Tennessee Tributaries, Tennessee and Kentucky, in accordance with the
recommendations of the Secretary of the Army and the Chief of Engineers in House
Document Number 91-414.

Reelf k n K k issan rt, May 1988.
This report presented the findings of a study of water and related land resources problems
in the Reelfoot Lake drainage basin. The study determined that the existing spillway
limits the availability of acceptable water level management options for Reelfoot Lake.
Additionally, the topography and land use of the basin has resulted in an unusually high
rate of sediment deposition in the lake. The results of the study concluded that increased
flooding, decreased lake depths and storage capacity, increased aquatic vegetation,
deteriorated water quality, undesirable changes in fish species composition and boating
access problems had occurred at Reelfoot Lake. The report presented three feasible
comprehensive plans of improvement to address problems and needs ‘of the area. The
report concluded that construction of an alternative spillway, vegetative clearing with
selective cleanout on Running Reelfoot Bayou, enlargement of the Bayou du Chien
channel from Hickman, Kentucky, to the Upper Blue Basin of the lake, and a pumping

__station on Harris Ditch at the mainline Mississippi River levee would provide flood

control benefits to offset most of the costs of the plans. At the time of submittal of the
report, the Department of the Army policy stated that projects which did not rely on high




priority outputs of flood contrel or commercial navigation for project justification would
not be budgeted for during times of large budget deficits. Consequently, the results of the
report were not certified at that time.

fi Water 1 nagement Final Environmental Impa

Statement (EIS). This U.S. Fish and Wildlife Service EIS, June 1989, examined six
water level management options at Reelfoot Lake including: (1) No action, (2) Dynamic
Water Level Fluctuation, (3) Major Drawdown, (4) State law, (5) Raise Permanent Pool
One Foot, and (6) Integrated program of Dynamic Water Level Fluctuation Combined
with Periodic Major Drawdowns (Preferred Alternative). The preferred alternative
recommended maintaining at least a 2 foot seasonal fluctuation between elevations 280.0
and 284.0 NGVD each year with periodic (every 5 to 10 years) drawdowns of 4 feet with
the present water control structure or up to 8 feet with a new water control structure.
Following a drawdown, the lake would gradually refill and be held at elevation 283.2
NGVD until June 1 of the following year. The report concluded that the preferred
alternative would have both short term and long term impacts (beneficial and adverse).
However, it provides the best long term water level management option for the lake. The
Federal Register filing date for this FEIS was July, 1989.

f int Venture Plan, North Ameri rfowl Plan. This plan was
prepared under the guidelines of the North American Waterfowl Management Plan to
protect and enhance wetland habitat critical to waterfowl populations. The plan
recommended the construction of a 1,200 acre sediment retention basin on Reelfoot
Creek, an alternative spillway at Reelfoot Lake, and combinations of dikes, weirs,
terraces, water control structures, wells, culverts, reforestation, and other facilities at
Long Point Expansion, West Bank, East Bank, Lake Isom, Lake No. 9, Shelby Lake, and
Fish Pond in the vicinity of Reelfoot Lake. It also recommended acquisition, protection
and restoration of 18,000 acres of wetlands. The plan proposed a joint venture with state
and Federal agencies to achieve protection and enhancement of the critical habitat. This
plan was jointly prepared by members of the Corps. Memphis District: FWS, Cookeville,
TN.; Kentucky Department of F. & W. Resources; and TWRA.

Existing Projects

A number of existing projects, including three constructed by the Corps of
Engineers, have played a significant role in the evolution of the environment of the basin
to its present condition.

, 1. Mississippi River Levees. One of the first projects to affect Reelfoot Lake was
the construction of the main line Mississippi River levees, by the Corps of Engineers, in
the early 1900’s. The main line Mississippi River levee was authorized by the Flood
Control Act of 15 May 1928 and subsequent amendments. The levee serves as the
drainage divide along the northern edge of the Reelfoot basin. The construction and
subsequent modification of Mississippi River levees has stopped the almost annual
overflow of the Mississippi River into Reelfoot Lake. The construction of the main line
levee from Hickman, KY to the area known as the Tiptonville Dome, near Tiptonville.




TN, was the first to influence the hydraulic regime of Reelfoot Lake. The construction of
this section of levee stopped the overflow from the Mississippi River which historically,
recharged and flushed the lake. The construction of this section of the mainline levee was
completed around 1930. The mainline levee was extended 16 miles between the
Tiptonville Dome and the Obion River between 1939 and 1940. The levee was then
extended 23 more miles between 1951 and 1960.

2. Qutlet Channel. Running Reelfoot Bayou, which is the outlet from Reelfoot
Lake, extends generally southward from the spillway approximately 16 miles to the
Obion River. Flood control improvements on Running Reelfoot Bayou, authorized by
the Flood Control Act of 24 July 1946 and 3 September 1954, as modified, were
completed by the Corps of Engineers in 1959. The project basically consisted of channel
enlargement for Running Reelfoot Bayou. Prior to the project, operation of the spillway
was limited by the flow that could be released into Running Reelfoot Bayou. Flooding in
the area south of Reelfoot Lake (i.e. Shelby Lake and Lake Isom) also occurred more
frequently due to limited channel capacity and backwater stages from the Obion River.

The completion of the enlargement of Running Reelfoot Bayou enabled water
elevations in Reelfoot Lake to be lowered more quickly than before the project. Reduced
flooding in the downstream areas caused a long term “drying effect” on the Shelby Lake
and Lake Isom areas. Due to increased flood control capabilities, seasonal flooding
around the perimeter of the lake was reduced resulting in an increase in clearing of
wetlands for farming activities. The habitat provided by these wetlands was lost. Of
greater importance to the lake, the loss of the wetlands resulted in the loss of the wetland
functions that helped to maintain Reelfoot Lake. These wetland functions include the
ability to store and gradually release flood waters and trap sediment.

3. Flood Control. The Western Tennessee Tributaries, Tennessee and Kentucky
project, formulated and designed by the Corps of Engineers in response to legislation
described under “Prior Studies and Reports”, included a double 6-foot by 9-foot gated
box culvert and a 500 cfs pumping station at the Mississippi River levee just north of
Lake No. 9, a diversion channel to divert upper Bayou du Chien to the pumping station,
additional channel work in the areas north and south of Lake No. 9 and water control
structures. A control structure on Bayou du Chien north of Reelfoot Lake would allow
normal low flows from upper Bayou du Chien to drain into the lake but would divert
flood flows to the Lake No. 9 gravity outlet and pumping station. Another control
structure would maintain the level of Lake No. 9. Partial improvement of the channel
north of Lake No. 9 and construction of a gravity outlet and pumping station near the
north end of Lake No. 9 in Kentucky were completed by the Corps of Engineers under
Section 201 of the Flood Control Act of 1965 with corresponding Senate and House
Resolutions in 1970.

In 1917, the State of Tennessee constructed a levee and an “overflow” spillway
along the south shore of Reelfoot Lake to control water levels. This was followed by
construction of a drainage canal (now Running Reelfoot Bayou) southward from the
spillway to the Obion River. In 1931, the Tenn Fish an ommission (now




TWRA) constructed a new concrete spillway. A steel radial gate was added to the
spillway in 1948.

Sediment retentic basins have been constructed upstream of Kirby Pocket and
Samburg, Tennessee by the Obion Forked Deer Basin Authority. An additional eight of
fifteen proposed sediment retention basins have been constructed east of Reelfoot Lake
through the cooperative efforts of the Natural Resources Conservation Service, TWRA,
and the Tennessee Department of Environment and Conservation.

Flood control has been a primary purpose of each of the above projects. The
present Reelfoot Lake spillway was constructed to increase the discharge capacity. The
radial arm gate increased the discharge capacity even more and the work on Running
Reelfoot Bayou provided the outlet channel to carry the increased discharge from the
spillway improvements. These improvements also provided increased water level
management capabilities to minimize the adverse impact of lake storage losses resulting
from sediment deposition.

PLAN FORMULATION

History of Reelfoot Lake

Reelfoot Lake was formed by the New Madrid earthquakes of 1811 and 1812 and
now covers approximately 15,500 acres at a pool elevation of 282.2 NGVD. The
intensity of the major quakes of the 1811-1812 series has been estimated to be among the
strongest to occur on the North American continent in historic times (Smith & Pitts,
1982). The lake formed by the earthquakes is the largest natural freshwater lake in the
state of Tennessee and one of the largest in the nation. It is located east of the
Mississippt River, approximately 120 miles north of Memphis, Tennessee and about 6
miles east of Tiptonville, Tennessee, in Lake and Obion Counties, Tennessee, and Fulton
County, Kentucky. The majority of the open water in the lake lies in the state of
Tennessee, however, the upper portion of the lake, marshland, and drainage basin lie in
the state of Kentucky. Figure 1 shows a general map of the Reelfoot Lake area.

Prior to the formation of Reelfoot Lake, it is generally accepted that the area was
an extensive forested wetland. Notable characters such as David Crockett were attracted
to the Reelfoot Lake area. Some Confederate survivors of the Battle of Island Number 10
took cover in the swamps of Reelfoot Lake to avoid being captured during the Civil War
(Smith & Pitts, 1982). The Tennessee Division of Archaeology has recorded numerous
distinct sites. A number of these sites are eligible for listing in the National Register of
Historic Places (Johnson, et al. 1988).
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By the mid 1800’s, the Tiptonville area to the west of the lake had begun to
develop as a shipping and receiving point for river traffic and slowly expanded into an
agriculturally based community. Many large plantations were thriving on timber sales
and cotton production. With the agricultural and associated commercial development in
the area, the importance of Reelfoot Lake as a storage area for the attenuation of floods
became apparent. At the same time, Reelfoot Lake was gaining notoriety for its rich
natural resources. Commercial fishing and market hunting increased, contributing to the
area’s recognition by sportsmen. - :

Construction of the Mississippi River levees in the early 1900s impacted the
Reelfoot Lake basin significantly. The levees stopped the seasonal overflow of the
Mississippi River into Reelfoot Lake and the surrounding basin. With the construction of
the levees and the reduced flooding from the Mississippi River, an increase in the
conversion of land from forests to agricultural purposes occurred which included
extensive clearing of forested areas. This, in turn, resulted in a decline in fish and wildlife
habitat in the Reelfoot Lake basin.

~ As agricultural and recreation interest increased and the lake’s surrounding areas
began to develop, conflicts occurred. With the continued clearing of upland and
bottomland forests for crop production, the natural filling of the lake with sediment from
the incoming drainage was greatly accelerated, causing the rapid succession of open
water areas to densely vegetated wetlands and swamps. The sediment deposition in the
lake decreased the flood control storage capacity of the lake and thus caused increased
flooding.

National Significance

‘Reelfoot Lake and the surrounding wetlands are nationally significant for several
reasons. The first reason is the unique size and history of Reelfoot Lake. It is the largest
natural lake in the state of Tennessee and its unique history of formation by the
earthquakes of 1811 and 1812 are well known. All seasonally flooded bottomland
hardwood forests are nationally significant resources. Reelfoot Lake is also nationally
significant because of its location. It is located within the area known as the Mississippi
Flyway and provides valuable habitat for nationally significant migratory waterfowl
species. The third reason the lake is nationally significant is because it is the home of a
large number of wintering Bald Eagles. The Bald Eagle is a threatened species which,
by law, makes it a nationally significant resource. The Bald Eagles return each year to
winter at Reelfoot Lake because of the wetland habitat and the productive fishery that
exists at Reelfoot Lake. Reelfoot lake has also been listed as a Threatened National
Natural Landmark by the National Park Service, U. S. Department of the Interior (1988).
In addition, the Tennessee Water Quality Control Board recently approved Outstanding
National Resource Water status for Reelfoot Lake and associated wetlands. This new
status essentially assures that any project or activity that might adversely impact the lake
waters would fall under intense scrutiny. However, the features of this project are
designed to protect and improve water quality. .




Problems and Opportunitieé

The Feasibility Study was conducted in a manner that would utilize the data and
information that was gathered during the Reconnaissance Study along with significant
amounts of additional data and studies which were gathered/performed during the
Feasibility Study. Several meetings were held which involved the sponsor and other
interested groups and/or individuals to investigate their perceptions of the problems that are
occurring at Reelfoot Lake. In a general sense, the problems that have been identified
during the feasibility study closely resemble those that have been identified in prior studies.

Problems

Loss of Aquatic Habitat. The most critical problem that has been identified at
Reelfoot Lake is the loss of aquatic habitat. The loss of aquatic habitat within the lake is due
to two specific problems. These problems are 1) excessive amounts of aquatic vegetation
within the lake and 2) deposition of sediment which are occurring within the lake. The
increasing aquatic vegetation clearly results in a reduction of the open water habitat within
the lake. The deposition of sediment reduces the depth of the water which in turn reduces
the overall volume of aquatic habitat. The sediment deposition problems are particularly
critical within the upper basins of the lake.

The hypereutrophic condition that is occurring at Reelfoot Lake can be partly
identified by the excessive plant growth that is occurring throughout the lake. The various
species of aquatic plants that thrive seasonally within the lake are choking out the open
water aquatic habitat. The massive plant growth inhibits circulation of water between the
four main basins of the lake and reduces the fish habitat. The decaying plant material
contributes to an accumulation of excessive residual nutrients on the lake bottom. The
residual material accumulations combined with high sediment levels create a soft, fluffy
bottom on the lake which is not highly productive habitat for fish spawning.

Sediment deposition is slowly filling Reelfoot Lake. The sediment is primarily the
result of runoff from agricultural areas that flows into the lake. The swift flowing, sediment
laden runoff from Reelfoot Creek and other tributaries entering the lake drop their load of
sediment into the lake once the flow reaches the calm water of the main pools. As the
sediment is deposited, the lake becomes shallower which, in turn, encourages additional
aquatic plant growth. The additional residual material from this plant growth causes the
lake to fill faster. The sediment deposition problem is most prevalent in Buck Basin and
Upper Blue Basin however, deposition of sediment is occurring throughout the lake.

Declining Water Quality. Water quality in Reelfoot Lake is effected by several
factors. One of the major factors is the sediment laden runoff from agricultural fields that
surround the lake. This runoff contains high amounts of agriculture related nutrients such as
nitrogen and phosphorus which effect water quality parameters and also encourages plant
growth. Sampling and monitoring of water quality throughout the lake indicate that many
parameters such as dissolved oxygen level, temperature, biochemical oxygen demand,




ammonia, suspended solids, and pH level do not meet accepted criteria. More specific data
on the measurement of these criteria is included later in this report.

Loss of Waterfowl Habitat. The next major problem that has been identified at
Reelfoot Lake is the loss of waterfowl habitat. This loss of habitat includes both open water
habitat and forested wetland habitat. Historically, the lake was surrounded by vast swamps
and seasonally flooded hardwood forests. These areas provide excellent waterfowl habitat.
The loss of waterfowl habitat currently occurring is mainly due to the draining and clearing
of wetland areas for agricultural and timber harvesting purposes. These practices have
occurred throughout the Reelfoot Lake area.

Reelfoot Lake, along with the various wetlands that surround the lake, is an
important part of the Mississippi Flyway. This flyway extends south from the headwaters of
the Mississippi River through the midsection of the country to the Louisiana Gulf Coast.
Millions of migrating waterfowl follow this route each year during their annual migration.
Reelfoot Lake and the surrounding wetlands serve as a resting and feeding area for the
waterfow! on their journey. The huge loss of wetlands that has occurred in the Reelfoot
Lake area, along with many other areas in country, emphasizes the need to protect and
restore these remaining areas of wetland habitat. ’

Reduced Water Level Management Capability. The water level in Reelfoot Lake
is currently controlled by a spillway structure on Highway 22 east of Tiptonville, TN. The
existing spillway cannot be repaired to function in the manner that it was built to function.
The structure experiences underseepage, has structural cracks, and has exceeded its design
life. The structure does not have the outlet capacity to draw down the lake in an acceptable
time period. The spillway is a stop log structure which also has one rotating radial gate
(Tainter gate). Stop logs can be added in one foot increments to raise the water elevation.
The top of the stop logs are at elevation 282.2 NGVD. The radial gate can be opened to
allow additional flow through the structure when needed. However, because the spillway is
a stop log structure and the radial gate is in a state of disrepair, it lacks the capability to
either raise or lower the water elevation in the lake in an efficient and effective manner.
This lack of capability severely restricts the water level management capability for Reelfoot
Lake and essentially prevents the implementation of advanced water level management
techniques for the improvement of the aquatic environment.

Opportunities

Improved Recreational Opportunities. Reelfoot Lake and the surrounding area
are used extensively for numerous types of public recreational activities. These activities
vary from fishing and hunting, eagle and wildlife observation, camping, hiking and
various day-use activities. The Reelfoot Lake State Park, located on the southern shore
of the lake adjacent to the existing spillway site, is a popular site for public gatherings. As
the problems mentioned above continue to occur, the recreational opportunities will
slowly decline as the natural resources of the area diminish. The opportunity exists to
increase the current level of recreational activities by restoring the natural resources of
the area to a more historic level. In particular, fishing, a very popular recreational
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" activity at Reelfoot Lake, can be improved by addressing the problem of loss of aquatic
habitat. '

Existing Conditions

General Description of the Project Area. Reelfoot Lake is located within the
Mississippi Alluvial Plain in portions. of Lake and:Qbion counties in northwest Tennessee
and a section of Fulton County in southwest Kentucky. The lake is situated between the
Mississippi River to the west and north and loess bluffs and upland hills to the east. With a
surface area of approximately 15,500 acres at a pool elevation of 282.2 feet NGVD,
Reelfoot Lake is the largest natural lake in Tennessee. Approximately 10,200 acres of the
lake are open water and the remaining acreage is marsh and swamp. The lake can be
generally divided into three distinguishable basins - Blue Basin, Buck Basin, and Upper
Blue Basin. It has one incorporated area, Samburg, Tennessee - a very small community
with the following attributes: located, centrally, at the point of intersection of Bluff Road
and State Highway 22; less than 350 residential and non-residential structures; less than 500
residents; no industry, excluding tourism associated with the lake; and a primary source of
income for residents is the Reelfoot Lake economy and the Lake County state prison.

The Reelfoot Lake area contains approximately 31,256 acres of publicly owned land
and water. The Reelfoot State Park, Tennessee Department of Environment and
Conservation (formerly Tennessee Department of Health and Environment), owns and
manages 279 acres of land; and the Tennessee Wildlife Resources Agency (TWRA) owns
and manages the 18,700-acre Reelfoot Wildlife Management Area. The U.S. Fish and
Wildlife Service (USFWS) manages the 10,427-acre Reelfoot National Wildlife Refuge
(NWR); the USFWS leases 7,847 acres from the State of Tennessee for the Reelfoot NWR
and owns the remaining 2,580 acres (541 acres in Tennessee and 2,039 acres in Kentucky).
In addition, the USFWS owns and operates the 1,850-acre Lake Isom NWR which is
located approximately five miles south of Reelfoot Lake.

Climatology. A weather station at Reelfoot NWR, Samburg, Tennessee, has
collected sufficient climatological data for the calculation of normal (i.c., average value over
1951-1980 time period) average monthly temperatures and normal monthly precipitation
totals (NOAA 1989,1990). The two warmest months are usually July (79.9 degrees F) and
August (78.0 degrees F), and the coolest months are most often January (34.9 degrees F)
and February (38.8 degrees F). Typically, the wettest months at Reelfoot Lake are March
(5.05 inches) and May (4.89 inches); and the driest months are September (3.08 inches) and
October (2.55 inches). The Reelfoot Lake watershed receives an average of 49 inches of
precipitation annually (McIntyre et al. 1986).

Hydrologic Characteristics. Reelfoot Lake was subjected to flood waters from the
Mississippi River until a levee was constructed along the east bank of the river between
1910 and 1920, preventing surface inflow from the river. Prior to the construction of the
levee, flood waters from the river could induce lake levels as much as 10-12 feet above
normal. A highway (now Tennessee Hwy. 22) was constructed along the southern shore of
the lake between 1915 and 1919; this highway effectively restricted the natural drainage of
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the lake. During this same time period an 80-foot spillway was built at a controlling
elevation lower than the natural outlets. In 1929, the Tennessee Legislature authorized the
construction of the existing spillway. This spillway, completed in 1931, was built at an
elevation of 282.2 feet NGVD. The State of Tennessee granted responsibility of controlling
lake levels to the USFWS in 1941. The USFWS maintained water levels at Reelfoot Lake
as close to 282.2 feet NGVD as possible for several decades.

dKC VY dlf] ] CITIE [jal L al IMmpact HStateme

was issued by the U.S. Department of the Interior Fish and Wildlife Service in July 1989.
This EIS evaluated the water level management practices that have occurred at Reelfoot
Lake in the past and made recommendations conceming future practices. The USFWS
preferred alternative from the 1989 EIS was an “Integrated Program of Dynamic Water
Level Fluctuation Combined with Periodic Major Drawdown”. This management plan has
not been fully implemented. However, in 1991, an Interim Water Level Management Plan
was implemented and is the current practice at Reelfoot Lake. The interim plan allows for
the water level in the lake to fluctuate to elevation 283.2 during the non-growing season
(November 15 — April 15) and to approximately elevation 282.7 the remainder of the year
before opening the spillway gates. :

At the normal pool elevation of 282.2 feet NGVD, Reelfoot Lake has a surface area
of approximately 15,500 acres, an average depth of about 5.2 feet, and a volume of
approximately 80,300 acre-feet. The Reelfoot Lake watershed is approximately 240 square
miles. Reelfoot Creek and Indian Creek, originating in the uplands east of the lake, and
‘Bayou du Chien, which drains alluvial bottomlands to the north, are the major tributaries to
Reelfoot Lake. The lake outlet, Running Reelfoot Bayou, is located at the south end of the
lake. Outflow from the lake into the bayou is controlled by a flashboard gated spillway and
radial gate.

The three upper geohydraulic units in the Reelfoot Lake vicinity (in descending
order) consist of a water-table aquifer, about 100 to 200 feet of Mississippi River alluvium;
a confining unit, approximately 250 feet of fine sand and clay; and Memphis Sand,
approximately 600 feet of highly permeable sand (TWRA 1985, Johnson et al. 1988).
Precipitation is the principle source of recharge for the alluvial water-table aquifer. Other
sources of recharge for the alluvial aquifer are surface runoff and underflow from the
uplands east of the lake, seepage from the Mississippi River and its tributaries, and seepage
from Reelfoot Lake. (TWRA 1985, Johnson et al. 1988)

Water Quality. Reelfoot Lake has been identified as a hypereutrophic lake
(Johnson et al. 1988, USFWS 1989). Hypereutrophic lakes are in an advance stage of
eutrophication and are characterized by poor water quality and excessive plant growth. The
aging process at Reelfoot Lake has been greatly accelerated by human activities.
Agricultural and silvicultural activities have increased erosion on lands adjacent to the lake
and, thus, increased sediment deposition into the lake. Since most of this sediment is eroded
from agricultural fields, large amounts of agriculture-related nutrients, such as nitrogen and
phosphorus, enter the lake (USFWS 1989). According to Denton (1987), nonpoint pollution
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is severely impacting Reelfoot Lake; and the principal source of nonpoint pollution is
erosion from the uplands east of the lake.

Sedimentation studies (Tenn. Dept. of Health and Env. 1984, Denton 1986,
Meclntyre et al. 1986) were conducted at Reelfoot Lake to determine sedimentation rates,
identify and quantify sediment sources, and develop measures that could be implemented to
reduce sedimentation. Based.on sedimentation rates, it was projected that Blue Basin, Buck
Basin, and Upper Blue Basin would become too shallow (2-foot water depth) for most uses
in 210, 110, and 60 years, respectively. It was estimated that collectively 93.4% of the
sediment entering the lake was being transported by Reelfoot Creek (85.2%), Indian Creek
(6.5%), and Bayou du Chien (1.7%). However, sediment-retention basins have been
constructed on Indian Creek and a lake tributary that enters Buck Basin at Kirby Pocket
since these studies were conducted. Also, several watershed lakes have been constructed in
the uplands east of Reelfoot Lake.

Denton (1987) documented and interpreted the results of water quality monitoring in
the Reelfoot Lake area by the Tennessee Department of Health and Environment (now
Tennessee Department of Environment and Conservation) from 1976 through 1986. Data
were collected from sampling stations in Reelfoot Lake, Reelfoot Creek, Indian Creek, and
Running Reelfoot Bayou to measure numerous water quality parameters. A Water Quality
Index (WQI) was used to compare parameter measurements to water quality criteria (i.e.,
~ values assigned to parameters that represent levels needed to protect water quality), compare
parameter measurements among sampling stations, and establish water quality parameters of
concern. Only data collected from January 1984 through December 1986 were used in the
WQI since the purpose was to assess the current water quality status.

Two sampling stations were established in each of the three major basins of the lake
- Blue Basin, Buck Basin, and Upper Blue Basin. Although measurements of specific water
quality parameters varied among the six stations, The WQI evaluation indicated that water
quality was best in Blue Basin and poorest in Upper Blue Basin. Most of the Reelfoot Lake
parameters of concern were associated with eutrophication. These parameters included light
transmission (Secchi disk), chlorophyll "a", biochemical oxygen demand, low dissolved
oxygen, and high pH. High levels of nitrates and phosphorus, causative agents of
eutrophication, were also highly ranked parameters of concern in the lake.

Reelfoot Creek had the poorest water quality of the three lake tributaries sampled.
Mean values of four parameters (nitrate, phosphorus, suspended solids, and copper)
exceeded water quality criteria; and significant water quality criteria violations were
recorded for dissolved oxygen, pH, and fecal coliform bacteria. Significant levels of
mercury, zinc, and nickel were also recorded at the Reelfoot Creek sampling station. Fecal
coliform bacteria levels in Bayou du Chien consistently exceeded the criterion; and the
criteria for mercury, copper, and zinc were surpassed at this station. Water quality at the
Indian Creek sampling station was surprisingly good. Temperature and fecal coliform
bacteria exceeded the criteria in only one and two samples, respectively. Copper, zinc, and
mercury surpassed the criteria in 14% of the samples taken from Indian Creek; and
phosphorus and suspended solids exceeded the criteria in 13% of the samples.
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Since significant levels of mercury, zinc, nickel, and copper have been recorded;
there is reasonable concern for the implications associated with sediment exposure during a
drawdown. For this reason, the monitoring plan that will be completed prior to project
implementation will be fully coordinated with FWS, TWRA, TDEC, and EPA.

At the Running Reelfoot Bayou (lake outlet) station, fecal coliform bacteria and
chlorophyll "a" exceeded the criteria in 67% and 40% of the samples, respectively; and
nitrates and phosphorus exceeded the criteria in 50% of the samples. Dissolved oxygen,
temperature, biochemical oxygen demand, ammonia, and suspended solids did not meet
water quality criteria. Also, pH levels above and below the criterion value range were
observed at this station.

Geology and Topography. The Reelfoot Lake watershed is located within the
Mississippi Embayment section of the Gulf Coastal Plain. The Reelfoot Lake area is
characterized by several physiographic features - the lake itself; the Mississippi River
alluvial floodplain; Tiptonville Dome, an elliptical-shaped rise extending from Proctor City,
Tennessee, south to Tiptonville, Tennessee; a bluff line east of the lake that crosses the
watershed along a northeast-southwest axis; and uplands east of the bluffs.

The "basement" of the embayment is formed by Paleozoic rocks ranging in age from
Cambrian to Pennsylvanian. Upper Cretaceous deposits are located above the Paleozoic
rocks; these sediments (primarily marine origin) consist of sands, clays, chalks, and marls.
The Upper Cretaceous deposits are overlain by Tertiary Sediments. The Wilcox Group
(Fort Pillow Sand) and the Claiborne Group (Memphis Sand) are major Tertiary aquifers in
west Tennessee. The largest aquifer in west Tennessee, the Memphis Sand, is contained in
the Claiborne Group; the Memphis Sand comprises the lower and middle portions of the
Claiborne Group. The Jackson Formation is located just above the Memphis Sand. The
Jackson Formation is the oldest exposed formation in the Reelfoot Lake watershed, and it
can be seen along the base of the bluff line.

East of the bluff line, Pliocene terrace deposits of sand and gravel lie above the
Jackson Formation. These terrace materials were deposited by streams ancestral to the
Mississippi River. The Pliocene deposits have a maximum depth of 30 feet, thinning
eastward. A layer of loess covers the terrace deposits; the loess is about 80 feet thick along
the western edge of the uplands, thinning to the east.

Mississippi River alluvial deposits, Quaternary in age, overlay the Jackson
Formation west of the bluff line. These sediment deposits are from 100 to 200 feet thick and
consist of intermixed lenses and layers of silt, gravel, and clay. The Mississippt River
alluvium is an important source of ground water in the Reelfoot Lake area. '

Vegetation. Most of the historically vast forested wetlands of the Reelfoot Lake

drainage basin have been cleared and drained for agricultural purposes. Only small
remnants of bottomland hardwood forests and forested swamps exist immediately adjacent
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to Reelfoot Lake and Lake Isom, along some drainages, and within low-lying areas that are
unsuitable for farming and other development.

The vegetated wetlands associated with the Tennessee portion of the Reelfoot Lake
area, including Lake Isom NWR, were quantified using Tennessee Wetland Inventory maps
generated by the TWRA; and the wetlands within the Kentucky portion of Reelfoot Lake
were measured from National Wetland Inventory maps produced by the USFWS. The
wetland classification utilized by both- map types was based on Cowardin et al. (1979).
Study area wetlands were then placed into five general vegetative categories - bottomland
hardwood forest, forested swamp, scrub/shrub swamp, persistent marsh, and submersed
macrophytes. Although not identified on the wetland inventory maps, nonpersistent
marshes exist in the Reelfoot Lake area (Henson 1990d) and were included as a sixth
vegetative category.

Bottomland hardwood forests are forested wetlands characterized by broad-leaved
deciduous trees that are 20 feet tall or taller. Common tree species include green ash
(Fraxinus pennsylvanica), American elm (Ulmus americana), hackberry (Celtis
occidentalis), eastern cottonwood (Populus deltoides), sycamore (Platanus occidentalis),
sweetgum (Liquidambar styraciflua), red maple (Acer rubrum), silver maple (4.
saccharinum), pecan (Carya illinoensis), and various oaks (Quercus spp.). The Reelfoot
Lake area contains approximately 13,139 acres of bottomland hardwood forest. These
forests grow in temporarily, seasonally, senupermanently, and perrnanently flooded sites;
and sites that are intermittently exposed. : : e

Baldcypress (Taxodium distichum) trees, at least 20 feet tall, dominate the forested
swamps in the Reelfoot Lake area. Approximately 7,750 acres of forested swamps exist
within the study area, and the water regimes of these swamps range from seasonal to
permanently flooded. Permanently inundated baldcypress trees occur in portions of all three
basins of the lake. The trunks of most of the permanently inundated trees have developed
swollen buttresses; and these trees, with the exception of those growing in very shallow
water, exhibit varying levels of decadence due to water stress (Henson 1990a).

Scrub/shrub swamps are dominated by woody vegetation less than 20 feet in height;
these swamps contain true shrubs, young trees, and shrubs or trees that are small or stunted
due to environmental conditions. Water regimes of scrub/shrub swamps in the study area
vary from temporarily to permanently flooded. Major shrub and tree species found in these
swamps include buttonbush (Cephalanthus occidentalis), swamp rose (Rosa palustris), red
and silver maple, baldcypress and black willow (Salix nigra). There are about 326 acres of
scrub/shrub swamp in the study area.

Persistent marshes at Reelfoot Lake occur on sites wnth water regimes ranging from
temporarily to permanently flooded; and they are characterized by rooted, emergent
vegetation (i.e., erect herbaceous hydrophytes, excluding mosses and lichens) that usually
remains standing at least until the start of the next growing season. Rose mallows (Hibicus
lasiocarpos and H. militaris), southemn smartweed (Polygonum densiflorum), swamp
smartweed (P. hydropiperoides), common cattail (Typha latifolia), groundnut (4pios
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americana), swamp loosestrife (Decondon verticillatus), primrose willow (Ludwigia
leptocarpa), water-willow (Justicia americana), and giant cutgrass (Zizaniopsis miliacea)
are among the plants common to these marshes (Henson 1990a). The Reelfoot Lake area
contains approximately 2,700 acres of persistent marsh.

Nonpersistent marshes are dominated by emergent vegetation that falls below the
surface of the water or to the surface of the substrate at the conclusion of the growing
season. According to Henson (1990d), typical plant species that-occur in the nonpersistent
marshes of Reelfoot Lake include American lotus (Nelumbo lutea), spatterdock (Nuphor
luteum), white water lily (Nymphaea odorata), water smartweed (P. amphibium), southern
smartweed, swamp smartweed, and pickerel weed (Pontedera condata). An estimated 536
acres of nonpersistent marsh was identified at Reelfoot Lake in 1986 (Henson 1990d).

~ Submersed macrophytes are vascular plants that grow primarily on or below the
surface of the water for the majority of the growing season during most years. Henson
(1990c) lists coontail (Ceratophyllum demersum) and curlyleaf pondweed (Pofamogeton
crispus) as abundant, and small pondweed (P. pusillus) and fanwart (Cabomba caroliniana)
as common submersed macrophytes in the lake. Only 188 acres of submersed macrophytes
were delineated on the wetland maps; however, it is important to note that submersed
macrophyte zones can very drastically in size from year to year. In fact, curlyleaf pondweed
entirely covered Buck and Upper Blue basin in the spring of 1993.

In addition to the aforementioned vegetative groups, small free-floating macrophytes
are prevalent in the study area. Mosquito fern (4zolla caroliniana), smaller duckweed
(Lemna minor), giant duckweed (Spirodelia polyrhiza), columbia watermeal (Wolffia
columbia), and papillary watermeal (W. papulifera) are abundant in many nonpersistent
marshes, swamps, and ditches (Henson 1990d). A thick cover of floating macrophytes often
obscures submersed macrophytes, particularly in very shallow areas (Henson 1990c).

Vast shallow-water areas created by sedimentation, nutrient-rich agricultural runoff,
and stable water levels have provided conditions at Reelfoot Lake that are conducive to
abundant aquatic plant growth (Tenn. Dept. of Health and Envir. 1984, TWRA 1985,
Johnson et al. 1988, USFWS 1989). Encroachment of emergent aquatic plants into former
open-water areas and expansion of woody vegetation into shallower regions provide
evidence that ecological succession is rapidly occurring at the lake (USFWS 1989). Henson
(1990b) studied vegetational succession at Reelfoot Lake; the following paragraph briefly
summarizes some of his findings.

Since the early 1960's, extensive monotypic marshes of giant
cutgrass have been replaced to a large extent by marsh-swamp transitional
species of herbs, vines, shrubs, and immature trees. Southern smartweed
competes with giant cutgrass and other persistent emergent species along
shallow margins of marsh-swamp transitional zones and low-lying areas of
persistent marsh. Southern smartweed also slowly induces edge
encroachment into open water by trapping organic and inorganic material.
Former giant cutgrass marshes have succeeded to marsh-swamp vegetation
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with little expansion of this grass into new areas; therefore, persistent
marshes have declined drastically in recent years. Sediment deposition will
continue to promote the invasion of aggressive competitor species, such as
southern smartweed, into shallow areas of giant cutgrass marsh, converting
these areas to nonpersistent marsh. These areas of nonpersistent marsh will
gradually succeed to scrub/shrub swamps; and, in turn, these scrub/shrub
swamps will slowly convert to forested swamps.

Although aquatic plants in Reelfoot Lake provide protective cover for young fish
and furnish great amounts of food for fish and waterfow] (Johnson et al. 1988), excessive
aquatic plant growth has been a problem in the lake for many years (Baine and Yonts 1937,
Gersbacher and Norton 1939, Baker 1940, Steenis and Cottam 1945). Overly abundant
aquatic vegetation impacts dissolved oxygen concentrations (Baine and Yonts 1937,
Gersbacher and Norton 1937), inhibits water circulation (Johnson et al. 1988), and
contributes to the accumulation of excessive residual nutrients (USFWS 1989). In addition,
aquatic vegetation encroaches into open water areas; and heavy aquatic plant growth
interferes with boating, fishing, and other water-related recreational activities.

Steenis and Cottam (1945) conducted experimental cuttings of aquatic pest plants at
the lake in search of a method(s) by which to control obnoxious vegetation and encourage
growth of plant species more palatable to waterfowl. They concluded that Hochney
underwater cutters could be used to at least partially control giant cutgrass, spatterdock, and
American lotus. However, they warned that control of one obnoxious species may result in
the emergence of another aquatic pest plant that was formerly suppressed.

Burbank (1963) identified giant cutgrass, spatterdock, and American lotus as the
primary aquatic pest plants in Reelfoot Lake. He reported that attempts to control giant
cutgrass prior to 1948 with an underwater cutter and by buming were terminated.
Underwater mowing was discontinued because stumps frequently damaged the cutters, and
burning was halted because complete root kills were never obtained. Burbank (1963) also
evaluated the herbicidal treatment program at Reelfoot Lake that began in 1948. He
concluded that herbicides had been helpful in controlling lotus; and although cutgrass
acreage had been reduced very little over the 14 years of herbicide treatments, he implied
that herbicides may have possibly prevented the spread of this species into new areas.
Spatterdock had not been targeted for control and had only recently been considered a pest
species. Unfortunately, spatterdock invaded areas where cutgrass had been eliminated or
reduced. Some experimental herbicide applications were made on spatterdock but were
ineffective.

Curlyleaf pondweed, an exotic species, was first discovered in Reelfoot Lake in
1959 (Cypert 1967). According to Cypert (1967), this plant spread rapidly after introduction
and occupied approximately 2,000 acres of the lake by 1967. Experiments by the Reelfoot
NWR and the Tennessee Game and Fish Commission (now TWRA) in 1964 revealed that
Diquat herbicide would kill curlyleaf pondweed. However, it was thought that herbicidal
control of this plant would probably have to be limited to small areas, such as boat trails,
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since the wide distribution and aggressiveness of curlyleaf pondweed made eradication or
control of this plant with herbicides appear impractical. (Cypert 1967)

The TWRA introduced 30,000 white amur (Ctenopharyngodon idella), an exotic
fish, into Reelfoot Lake in 1983 in an attempt to control submersed vegetation (Johnson et
al. 1988). All submersed macrophytes declined drastically at all arcas sampled within two
years after stocking (Sliger and Henson 1987). Sliger and Henson (1987) reported that
curlyleaf pondweed and coontail were dominant at all sample sites before the white amur
introduction, but these plants were no longer pests two years after white amur introduction.
However, curlyleaf pondweed and coontail increased during 1987, prompting white amur
restocking (Henson and Sliger 1993). The TWRA released an additional 79,402 fish from
1988 through 1991. Submersed macrophytes recolonized most of the previously cleared
areas by 1990, and populations in some zones approached or surpassed levels that existed
prior to white amur introduction in 1983. (Henson and Sliger 1993).

Coontail, and southern smartweed have been major aquatic pests in Reelfoot Lake
during recent years (Dr. Wesley Henson, U. Tenn. at Martin, pers. comm.). Coontail is
presently the most prolific aquatic pest plant in the lake. The vegetation problem is most
severe in Buck Basin and Upper Blue Basin. Although the amount of area infested with
vegetation varies annually, Buck and Upper Blue basins were completely choked with
coontail during the spring of 1993 (Paul Brown, Reelfoot WMA, pers. comm.). Coontail
normally reaches maximum biomass during the principle fishing period (March-June) at the
lake; this often makes large areas of the lake inaccessible to fishermen. During late
June/early July coontail quickly replaces curlyleaf pondweed and becomes the dominant
aquatic plant during summer and fall. Coontail often becomes widespread, but does not
become as densely matted as curlyleaf. At present, southern smartweed is not a problem in
the lake because a severe freeze in 1989 killed most of the plants growing in shallow water
areas; however, populations of southern smartweed are beginning to reestablish in these
areas (Dr. Henson, pers. comm.).

According to Dr. Henson (pers. comm.), two other aquatic plants, water pennywort
(Alternanthera philoxeroides) and Eurasian watermilfoil (Myriophyllum spicatum), could
become pests in the future, Water pennywort has been increasing in abundance since 1986
and will probably become a pest in shallow areas of the lake. Eurasian watermilfoil is
present in the watershed lakes east of Reelfoot Lake and could very possibly invade the lake
itself.

Dr. William C. Zattau, Chief, Aquatic Plant Control Operations Support Center,
Corps of Engineers (COE), Jacksonville, Florida, visited Reelfoot Lake at the request of the
Memphis District, COE, to examine and evaluate the aquatic plant problem. In his site-
investigation report (see Appendix A), Dr. Zattau recommends an integrated approach to
controlling aquatic vegetation in the lake that would include water-level manipulation,
mechanical control, and the use of systemic herbicides.

Fish and Wildlife. Reelfoot Lake is one of the most productive commercial and
sport fishing lakes in Tennessee (USDI 1989); its reputation as an outstanding fishing lake
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began in the early 1890's (Johnson et al. 1988). Although fishes in the lake are presently
abundant and diverse, the percent composition (biomass) of game fish has declined over the
years while the percent composition of non-game fish has increased (Johnson et al. 1988).

The TWRA has attributed this decline in the sport fishery chiefly to habitat
deterioration caused by sedimentation (organic and inorganic) and stable lake levels.
Sedimentation and stable water levels have provided conditions favorable for abundant
aquatic plant growth. The excessive plant growth has created massive accumulations of
organic sediment in many portions of the lake. Low dissolved oxygen levels associated with
this organic substrate limit or prevent production of benthic invertebrates, an important link
in the fish food chain. Furthermore, the soft organic substrate is unsuitable as spawning
habitat for game species such as largemouth bass (Micropterus salmoides), crappie
(Pomoxis ssp.), and bluegill (Lepomis macrochirus) that require a solid bottom for
successful spawning. Overabundant vegetation in the lake reduces the amount of suitable
habitat for sport fish and impacts the foraging capability of game fish since it furnishes
dense protective cover for prey fish.

Eleven game fish species, 11 non-game fish species, and 13 prey fish species were
collected by the TWRA during 1991 surveys (Broadbent 1991). Sport fish collected
included white crappie (P. annularis), black crappie (P. nigromaculatus), bluegill,
largemouth bass, and yellow bass (Morone mississippiensis). Gizzard shad (Dorosoma
cepedianum), brook silverside (Labidesthes sicculus), and golden shiner (Notemigonus
crysoleucas) were among the most abundant prey species collected. Common non-game
fish included freshwater drum (Aplodinotus grunniens), common carp (Cyprinus carpio),
and channel catfish (Ictalurus punctatus).

Crappie and bluegill are the most sought after game fish in the lake; sport fishing
accounts for approximately 322,806 recreational man-days annually. Crappie and catfish
are the most important commercial fishes in Reelfoot Lake; collectively, they represent
about 99% (219,234 Ibs.) of the total commercial harvest.

The lake, its associated wetlands, and adjacent cleared lands also provide habitat for
numerous wildlife species. Forty-seven species of mammals inhabit the Reelfoot Lake area
(USFWS 1989). Important game mammals include white-tailed deer (Odocoileus
virginianus), gray (Sciurus carolinensis) and fox (S. niger) squirrels, swamp (Sylvilagus
aquaticus) and eastern cottontail (S. floridanus) rabbits, Virginia opossum (Didelphis
virginiana), and raccoon (Procyon lotor). Mink (Mustela vison), muskrat (Ondatra
zibethicus), beaver (Castor canadensis), river otter (Lutra canadensis), raccoon, opossum,
woodchuck (Marmota monax), long-tailed weasel (Mustela frenata), striped skunk
(Mephitis mephitis), red (Vulpes fulva) and gray (Urocyon cinereoargenteus) foxes, bobcat
(Lynx rufus), and coyote (Canis latrans) comprise the study area's furbearers. Non-game
mammals consist of three shrew and one mole species, nine bat species, and 16 non-game
rodent species.

Nearly 250 species of resident and migratory bird species inhabit the study area
(USFWS 1989). The Reelfoot Lake area provides important habitat for migratory and
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resident waterfowl. From 1982 through 1998, peak winter populations of ducks and geese
~ have averaged approxnnately 132,700 and 72,600, respectively. FWS and TWRA managers
feel that the upswing in geese populations is typical of the area and flyway increases
because geese are foraging on agricultural land, However, duck populations are steadily
declining for Reelfoot Lake and Lake Isom. The higher average number is attributed to the
acquisition and management of Black Slough WMA and private water management efforts
near the lake. The mallard (Anas americana) is the most common dabbling duck inhabiting
the study area, followed by the American widgeon (Anas americana) and gadwall (4nas
strepera). The ruddy duck (Oxyura jamaicensis rubida) and ring-necked duck (4ythya
collaris) are the most common diving ducks. Other ducks found within the area include the
black duck (4nas rubripes), American green-winged teal (4nas crecca carolinensis), blue-
winged teal (4nas discors), wood duck (4ix sponsa), and northern shoveler (4nas chpeata).
The Canada goose (Branta canadensis) is by far the most common goose at Reelfoot Lake.
Other study area game birds include the wild turkey (Meleagris gallopavo), northern
bobwhite (Colinus virginianus), and mourning dove (Zenaida macroura).

Shorebirds, gulls, terns, marsh and wading birds, and almost 150 species of
songbirds occur in the study area. The American kestrel (Falco sparverius); red-tailed
(Buteo jamaicensis), red-shouldered (B. lineatus), and broad-winged (B. platypterus) hawks;
barred (Strix baria), common screech (Otus asio), and great homed (Bubo virginianus)
owls; osprey (Pandion haliaetus); and bald eagle (Haliaeetus leucocephalus), a federally
listed threatened species, are among the raptors that inhabit the Reelfoot Lake area. In fact,
Reelfoot Lake winters one of the largest concentrations of bald eagles east of the Mississippi
River.

In addition, many reptilian and amphibian species inhabit the Reelfoot Lake area
(USFWS 1989). The reptiles are represented by 11 turtle species, six lizard species, and 24
snake species. Study area amphibians consist of 15 species of salamanders and 13 species
of toads and frogs.

Endangered and Threatened Specles The only federally listed endangered
species occurring in the study area is an avian species, the interior least tern (Sterna
antillarum axthalassos). Interior least terns nest and feed primarily on the Mississippi
River, but these terns occasionally feed in the open water areas of the lake. Reelfoot Lake
supports one of the largest concentrations of wintering bald eagles (threatened) in the eastern
United States; a peak population of 200 or more eagles is reached annually from late
January through February. Bald eagles historically nested at Reelfoot Lake, but no
confirmed reports of successful nests were recorded from 1962 through 1987 (Johnson et al.
1988). In an effort to reestablish a nesting population of bald eagles in the Reelfoot Lake
area, a eagle hacking program was. initiated in 1981 by the TWRA and the Tennessee
Omithological Society (Robert Hatcher, TWRA, pers. comm.). According to Robert
Hatcher (pers. comm.), the program was terminated in 1988 after the goal of 43 successfully
hacked edgles had been met. Successful nesting has been observed in the study area every
year since 1988 (Robert Hatcher, pers. comm.).
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The USFWS is also reviewing the status of several species in the Reelfoot Lake area
to determine their candidacy for future listing as endangered species (USFWS 1989; Jodi
Jenkins, USFWS, pers. comm.). These status review species consist of two mammalian
species, eastern woodrat (Neotoma floridana) and Rafinesque's big-eared bat (Plecotus
rafinesquii); two avian species, Bachman's sparrow (dimophila aestivalis) and Bewick's
wren (Thryomanes bewickii), one reptilian species, alligator snapping turtle (Macrolemys
temminckii); and two plant species, smooth leafcup (Polymnia laevigata) and lake cress
(Armoracia lacustris).

In addition to the species listed or under status review by the USFWS, numerous
plant and animal species are considered by the states of Tennessee and Kentucky to be
endangered, threatened, or in need of management.

Recreation. Outdoor recreation, both consumptive and non-consumptive, is a vital
component of the local economy. An estimated $3,832,062 are expended annually on study
area recreational activities. See Economic Appendix for the complete recreational use
analysis.

Consumptive recreation accounts for approximately 72% (343,555 man-days) of the
total annual recreational use. In fact, fishing is by far the single most popular recreational
activity in the study area; about 322,806 man-days are annually spent fishing. Although the
percentage of total recreational time expended hunting is much less than that expended
fishing, hunting is considered an important outdoor sport in the study area since it accounts
for about 20,749 recreational man-days annually.

Non-consumptive outdoor activities comprise approximately 28% (136,645 man-
days) of the annual recreational use. The most popular non-consumptive recreational
activities are eagle observation tours, sightseeing, general wildlife observation, and
camping, respectively.

Significant Habitat. Significant habitat in the vicinity of Reelfoot Lake consists of
the following:

Natural aquatic habitat

Endangered species habitat

Habitat for species managed by international treaties (i.e. waterfowl)
Wetlands

Bottomland Hardwoods

Nk

The current 15,500 acres of surface water at Reelfoot Lake provides the largest natural
freshwater lake in Tennessee and one of the largest in the nation. The lake and its
surrounding area provide natural aquatic habit, wetlands and bottomland hardwoods which
are utilized by 11 game fish species, 11 non-game fish species, 13 prey fish species, 47
species of mammals, 41 reptile species, 28 amphibian species, 150 species of songbirds, and
numerous species of migratory birds, game birds and raptors. The lake and its ecosystem
also provide nesting and feeding areas for the bald eagle, a federally listed threatened
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species. In fact, the lake winters one of the largest concentrations of bald eagles east of he
Mississippi River. The least tern has also been known to utilize the area.

Due to shallow lake depths in many areas and numerous tree stumps throughout the
lake, the lake does not lend itself to some recreational activities such as water skiing,
swimming and similar activities. However, the lake does lend itself to other forms of
consumptive and non-consumptive recreation such as fishing and eagle watching.

Natural aquatic habitat is a significant resource because it is essential for many
forms of life. It has an unusually high productivity and diversity. It is the only lake in the
country with sport fishery production sufficient to allow the commercial harvest of crappie,
a sport fish. Because of its location along the Mississippi Flyway, Reelfoot Lake is utilized
by millions of waterfow! during the annual migration. Reelfoot Lake has been identified as
critical waterfowl] habitat in the North American Waterfowl Management Plan.

The projects previously mentioned, as well as other factors, have contributed to the
lonz term degradation of Reelfoot Lake and its ecosystem. The open water area, in Reelfoot
Lake, has decreased 27% in the past seventy years and the bottomland hardwood acreage
has decreased 92% since 1910 in Lake County alone. It is important to note that all of the
Reelfoot Lake area, except for the Tiptonville Dome, was subjected to periodic flooding
before the construction of the Mississippi River levees. This drastic reduction in periodic
flooding and bottomland hardwood acreage has significantly reduced the waterfowl habitat
within the Reelfoot Lake area.

Future Without Project Conditions

The long term effects of siltation, high turbidity, ponding, poor water quality, and
loss of species diversity are still being experienced. Pollution in the form of agricultural-
and construction-related erosion; pesticide run-off; sewage and other industrial discharge;
and ditching and filling for agricultural, residential, and industrial encroachment will
continue to take their toll.

General degradation of the existing environment will result in lowered biological
productivity, decreased biodiversity, and overall losses to most plant and animal
populations. Most fish and wildlife species will decrease proportionally to the loss in
quality and quantity of their respective habitat. Fish populations will decline with the
encroachment of marsh and scrub/shrub swamp. Raccoons and other furbearers such as
minks, beavers, and muskrats will also decline. o

The Tennessee Department of Health and Environment published a report in 1986
entitled Sedimentation In Reelfoot Lake. According to this report, Blue Basin will become
too shallow for most uses in 210 years and Grassy Bend will become unusable in about 110
years. Upper Blue Basin will become too shallow in about 60 years. Buck Basin, with a
deposition rate of 1.1 cm/year, will also become unusable in 110 years.




Specific future-without-project conditions are addressed in the following paragraphs
according to resource category.

Hydrologic Characteristics. The existing spillway at Reelfoot Lake is over 60
years old and has outlived its design life. Seepage undemeath the structure is significant and
the stability of the foundation of the spillway is therefore questionable. Operation of the
radial gate is minimized as a safety precaution because of the deteriorated structural
condition of the gate and supports. A continued decline in the effectiveness and efficiency
of the structure and an eventual complete loss of operability of the radial gate is expected.

At some future date, as the amount of seepage under the structure continues to
accelerate, it will not be possible to maintain the current pool elevations now achieved under
the Interim Water Level Management Plan. Complete failure of the existing spillway
structure and a substantial loss of the lake volume is possible. However, because of the
value of the unique environmental resources at Reelfoot Lake, it is expected that some
interim maintenance would be performed on the spillway in order to at least maintain the
current pool elevations. An estimate f a minimal maintenance activity to the structure
would be to stabilize the structure and maintain the pool elevation by placing crushed rock
on each side of the spillway up to the crest elevation. This would effectively create an
overflow weir structure. This type of maintenance activity would allow the pool elevation
to be maintained at the same elevations as the existing condition (282.2 NGVD). The radial
arm gate, however, would not be operable. This would result in a loss of some flood control
capability in the structure. Also, no drawdown capability would exist under this scenario.

Eventually, the spillway structure will have to be replaced in order to maintain the
current water level and flood control capabilities. Since it is not possible to predict the exact
time at which the spillway must be replaced and because the structure has already outlived
its design life, the position has been taken, for analysis of the future without project
condition, that the spillway will be replaced by others during the base year of the analysis
period. The cost for replacement of the outlet structure by others is estimated to be 75% of
the estimated cost of the proposed alternative spillway feature described later in this report.
The 75% estimate is based on replacing the existing structure with one of equal capability.
This implies that the future without project hydrologic conditions will be the same as the
existing condition (interim water level management plan) for maximum pool elevations.
Note that this is strictly an estimate used for the evaluation of benefits and costs of the
project.

Water Quality. Future water quality will be affected by such factors as
encroachment and expansion of residential, industrial, and agricultural activities; drainage
modifications; and the presence or absence of erosion control. These activities will increase
the amounts of sediment, pesticides, nutrients, and industrial and residential discharges that
actually enter the tributaries.

- Another serious aspect of the non-point source pollution problem is the threat of
pesticide accumulation in the environment. Runoff from farmland may contain significant
quantities of these chemicals in solution and in association with soil particles. Even




relatively low concentrations of these chemicals may pose a serious threat, due to the
process of bioaccumulation. Aquatic organisms accumulate pesticides, thus increasing their
concentrations. As these organisms are consumed by other organisms, the levels of
concentration multiply; therefore, low initial concentrations in the environment may lead to
extremely high concentrations in higher organisms.

Vegetation. The severe impact of erosion, sediment drop, and the resultant
conversion of wetland "type" from open water to marsh and scrub/shrub swamp has already
been discussed in the Existing Conditions section of this report. Because each wetland type
possesses similar, identical, and different "functional values", it is important to note that all
types of wetlands fulfill certain needs and requirements in a given area. For example, all
wetland types provide for groundwater recharge, water purification, and flood retention;
these functional values are identical. They diverge in that some provide excellent habitat for
certain species, such as: reptiles and amphibians in marshes; wood ducks in forested
swamps. It is extremely important, however, that there be a balanced distribution of the
quantity of each wetland type for each basin or area. There cannot be too many of one or
more types, and not enough of the others.

Fish and Wildlife. Further degradation of the aquétic ecosystem of Reelfoot Lake

can be expected in the future. Continued Table 1
clearing for agricultural purposes, even Average 5-Year Peak Waterfow]
w1th_ the Conseryatlon Reserve Progr am Populations at the Reelfoot Area
and improved soil management practices, Period Ducks Goose
will result in continued silting and high 1957- 61 324,600 71,300
turbidity levels. This will obviously 1967 - 71 161,600 28,500
. X 1977 -81 735,000 68,500
degrade water quality and result in a loss 198586 126,500 &.400
of productivity. Standing crops of fish 1987 - 51 127,800 68,700
1992-96 132,500 72,600

will be reduced as the water quality and
habitat is further degraded. A shift in *Population figures are for both Reelfoot and Lake Isom NWR's.
species composition and loss of species diversity are also probable.

Loss and/or conversion of wetland types obviously means a loss of waterfowl
habitat. Wetland loss eliminates those areas needed for resting, nesting, and feeding sites.
Aerial waterfowl surveys have been conducted in the Reelfoot area by TWRA and USFWS
personnel since the 1950's. Five-year average duck populations for the period 1957 - 1996
are shown in Table 1.

Analysis of Features

Many potential features have been considered during the Reconnaissance and
Feasibility Studies to address the problems and opportunities that have been identified at
Reelfoot Lake. The formulation and evaluation of these features was performed by a multi-
disciplinary planning team in conjunction with the cost sharing sponsor for the Feasibility
Study. Many features that were evaluated during the Reconnaissance Study showed little, if
any, potential for implementation. In general, these features were not revisited during the
Feasibility Study. Instead, the multi-disciplinary planning team concentrated on evaluation
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and optimization of the features which potentially exhibited high levels of benefits,
addressed the problems and opportunities identified, appeared to be implementable, and
carried the cost sharing sponsor’s support towards implementation of the project. Based on
these constraints, an array of features was formulated, of which, each feature addresses one
or more of the problems and opportunities identified in the study. The proposed features
include the following:

Problem 1: Loss of Aquatic Habitat.

Use of herbicides to control aquatic vegetation. The use of herbicides to control
aquatic vegetation to address the problem of loss of aquatic habitat was evaluated. This

method of vegetation control has been used in the past at Reelfoot Lake however, it has not
been effective on a long term basis. The major problem causing species of plants within the
lake (Curlyleaf Pondweed, Coontail, Water Willow, and Southern Smartweed) are seasonal
and cyclic in nature. That is, one species may flourish early in year, die out, and then be
replaced by another species later in the year. This cyclic nature limits the effectiveness of
herbicides to the particular species in bloom at the time of spraying the herbicide. The
annual recurrence of the aquatic plants along with the large number of acres covered by
plant mass makes this alternative impractical for implementation.

Use of dredge to remove aquatic vegetation. The use of a dredge to remove
aquatic vegetation has been evaluated during the feasibility study. This method is currently

used in some areas of Reelfoot Lake to maintain open water around boat ramps and within
circulation channels. A small dredge known as a “cookie cutter dredge” is used. This type
dredge is small enough to be maneuvered in tight areas and transported easily. This dredge,
however, is limited in capacity and effectiveness.

Most of the bottom surface of Reelfoot Lake is covered with tree stumps from the
original forests that existed before Reelfoot Lake was created. The existence of these
stumps limits the use of a small dredge in most areas due to the damage inflicted on the
equipment when striking a stump. A dredge can only be used effectively for removing
aquatic vegetation in areas that have been cleared of stumps. For this reason, the
implementation of this proposed feature for Reelfoot Lake is not considered feasible for
anything other than the current small scale usage in isolated areas that is currently occurring.

Implementation of water level management practices. Water level management

is the practice of fluctuating the pool elevations within a lake on a seasonal basis to control
vegetation along the water’s edge. This is accomplished by the drying action that occurs
along the shoreline when the water elevation is lowered. As mentioned previously, in the
existing conditions section, the water level in Reelfoot Lake is currently being fluctuated on
a seasonal basis. Since 1991, the lake levels may fluctuate up to 282.7 NGVD during the
summer months and 283.2 NGVD during the winter months. However, the U.S. Fish and
Wildlife Service cannot hold the lake at higher levels because the top of the existing
spillway stop logs is at elevation 282.2. The increased lake level allows for additional year-
round aquatic habitat and a significant increase in waterfowl habitat during the winter
months.




The increased lake level at Reelfoot Lake since 1991 appears to be successful in
increasing aquatic habitat, however, it does not fully address the problem of aquatic
vegetation in the lake. During the feasibility study, the management practice evaluated for
reducing the aquatic vegetation is a periodic drawdown of the water elevation. This
drawdown as evaluated in the feasibility study would occur at least once every 10 years but
no more often than once every S years. Different drawdown elevations were evaluated and
benefits and costs computed for each.

The idea of a periodic drawdown is to expose a portion: of the lake bottom to the
atmosphere for a period of approximately 3 months. This is expected to alleviate the aquatic
vegetation within the exposed areas and also consolidate the soft, sediment laden bottom of
the lake within the exposed areas. The lake would then be refilled and an increase in open
water habitat within the lake would be realized. Due to the potential benefits of
implementation of water level management, it has been evaluated in further detail. Specific
benefits of different level of implementation are included in later sections of this report.

imen in _on 1f r Reelfoot Lake is slowly being
filled by sediment flowing into the lake. The sediment comes from uplands and agricultural
areas which surround the lake. It has been determined that Reelfoot Creek is the largest
single contributor of sediment to the lake. As the sediment is deposited within the lake, the
depth is reduced and aquatic habitat is lost. This inflow of nutrients and the reduced water
depth encourages increased amounts of aquatic vegetation. Water quality is also reduced
due to the reduced depth in the lake and higher turbidity levels. The proposal was made
during the Reconnaissance Study to construct a sediment basin on Reelfoot Creek and this
proposal has been further evaluated during the Feasibility Study. Due to the potential
benefits of a sediment basin, the analysis of this feature will be carried forward.

4 Walnut Log sediment control. This proposed feature consists of diverting
drainage from a roadside ditch into a nearby wildlife management area (WMA) to prevent

sediment from entering Bayou du Chien and eventually, Reelfoot Lake. An additional
measure to prevent sediment deposition into the lake would be to construct sediment basins
in the hills east of Walnut Log.

Cleanout of the ditch is anticipated to continue as needed and the diversion of flow
into the WMA could be accomplished with minimal effort using a backhoe. Control of
sediment in the hills may best be achieved through a small sediment basin or other measures
constructed by others. Therefore, no further consideration was given to this feature.

ing in critical ition ar This feature provides for the removal of
sediment from areas expected to be filled by deposition in the next 25 to 50 years. These
areas considered for dredging are critical for maintaining flow between basins, for flood
control storage and access to the lake. Existing depths in these critical deposition areas are
less than 3 feet at a normal pool elevation of 282.2 NGVD.

Potential negative impacts of this feature include water quality problems due to the
dredging operation and disposal of the dredged material. Additionally, the tremendous
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number of stumps on the lake bottom makes this proposal cost prohibitive. Prevention of
additional sediment from entering the lake is a more practical solution. Therefore, this
feature was eliminated from further consideration. The circulation channels and sediment
basin listed under "Problem 2: Declining Water Quality" better address the problems for
which the dredging in critical deposition areas was formulated to address.

Reelfoot Creek and Indian Creek diversion channel. This proposed feature

includes a diversion channel which would divert sediment laden flood discharges from
Reelfoot Creek and Indian Creek around the lake but would allow continued discharge into
the lake during non-flood periods. The diversion channel would begin just downstream of
the Tennessee Highway 22 crossing over Reelfoot Creek, parallel the bluff line east of
Reelfoot Lake to Tennessee Highway 21, then follow existing field drains to join Running
Reelfoot Bayou about 6,000 feet downstream of the existing spillway.

The preliminary analysis indicates that this feature would be effective in diverting
sediment loaded flood flows away from the lake. However, negative impacts would also
occur. Sediment deposition and flooding in Running Reelfoot Bayou are expected. Also,
water quality has been improved in the discharge from Indian Creek due to the construction
of a sediment basin by the Natural Resources Conservation Service. The removal of this
relatively clean inflow from Reelfoot Lake could have adverse effects on water quality.
Therefore, because of the anticipated adverse impacts, the proposed diversion channel is not
evaluated in further detail.

Problem 2: Declining Water Quality.

Construct circulation channels. Circulation channels are proposed as a feature to
connect the three major basins of the lake (Blue, Buck, and Upper Blue Basin) to each other

and the altemative spillway. These channels would provide improved water circulation
between major pools during normal stages and minimize isolation of major pools in
extremely low stages. The total length of channel considered in this feature is approximately
13 miles at bottom elevation of approximately 274.0 NGVD. Preliminary evaluation of this
feature indicates cost effective benefits and therefore it is carried forward for additional
evaluation.

Glady Hollow Diversion. Glady Hollow Ditch currently flows out of the hills
southeast of the Blue Basin. The stream then crosses to the north of Highway 21 and flows
alongside Highway 21 to where it enters Blue Basin at the existing spillway. It is proposed
to reroute Glady Hollow Ditch into an existing ditch which flows south of Shelby Lake into
Running Reelfoot Bayou and thereby divert the flow from Reelfoot Lake. The purpose of
the Proposed diversion was to prevent sediment from Glady Hollow Ditch from entering
Blue Basin and thereby improve water quality in the lake.

According to a 1986 report by the Tennessee Department of Health and

- Environment entitled Summary of Sedimentation Studies at Reelfoot Lake, 1982 — 1986,

Glady Hollow Ditch delivers 12,342 tons of sediment per year into Reelfoot Lake at the
existing spillway. However, at the present time, it appears that most of the sediment ““drops
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out” somewhere between Glady Hollow and the state park campground. Due to the
extensive costs (based on quantity estimates), apparent lack of need, and a lack of potential
benefits, this diversion was not pursued.

Reelfoot Creek Reservoirs. This feature proposes to construct reservoirs that
would be used to control the erosion from the Reelfoot Creek drainage basin while also
providing flood control and water supply capabilities. This feature calls for two reservoirs;
one on North Reelfoot Creek and one on South Reelfoot Creek. These reservoirs would be
located upstream of the confluence of the two branches of Reelfoot Creek. The proposed
reservoir on North Reelfoot Creek would have a maximum pool of 2,000 acres and a
permanent pool of 800 acres. The reservoir proposed on South Reelfoot Creek would have
a maximum pool of 1,800 acres and a permanent pool of 1,100 acres.

It is estimated that these two basins, if constructed, would capture 70 percent of the
sediment runoff from the Reelfoot Creek drainage basin. There is concern, however, that
the clean water would pick up additional sediment as it flows through the lower portions of
the basin. In addition to their sediment retention capabilities, the reservoirs would also have
limited water supply and flood control capabilities. However, the large acreage required for
the permanent and maximum pools and the high construction, operation and maintenance
costs for the dams and outlet structures make this a very expensive alternative. Based on the
high cost and large real estate requirement, this feature was not carried on for further study.
Instead, a more efficient and less costly feature was formulated and evaluated.

Walnut Log sediment control. This feature, as discussed in the previous section
for the problem of loss of aquatic habitat, would also serve the purpose of improving water
quality. This is due to the fact that sediment deposition reduces the depth of the water and
increases turbidity. However, as noted earlier, the sediment deposition problem in this area
appears to minimal and therefore, no further consideration was given to this feature.

imen in 1 reek. This feature was also discussed in
the previous section. If constructed, this feature would improve water quality by helping to
maintain the depth of water in the lake and reducing turbidity due to sediment laden runoff
entering the lake. Unlike the Reelfoot Creek Reservoirs feature discussed earlier, this
feature would not maintain a permanent pool. This structure would simply detain water for
a period of time and allow the sediments to fall out before the water flows into the lake.
This appears to be a much more cost efficient way of improving the water quality of the
runoff entering the lake from Reelfoot Creek and is carried forward for additional
evaluation.

Reelfoot Creek and Indian Creek diversion channel. This feature was also -
discussed previously as a potential feature for addressing the loss of aquatic habitat problem.
However, instead of capturing the sediment to reduce turbidity and improve water quality
similar to previous features, this feature would simply divert the sediment laden flows
around the lake. While this feature would effectively reduce inflow of sediment laden water
into the lake, the anticipated adverse effects are also present and therefore this feature was
not evaluated in further detail.




This feature was considered on the
basis of providing an additional source of fresh water into Reelfoot Lake in an attempt to
compensate for the existing poor water quality. Four different alternative sources of water
were considered for this feature.

a. Mississippi River — A key feature of using the Mississippi River as an
alternative water supply would be the enlargement of the Bayou du
Chien channel form Hickman, Kentucky to the Upper Blue Basin on
Reelfoot Lake. A pumping station would also be located just west of
Hickman at the Mississippi River levee. The design considered would
convey 33,000 acre-feet of supplemental water to the lake in 45 days.
This feature, though potentially feasible, was eliminated from further
‘consideration due to high cost and water quality problems.

b. Groundwater — A second alternative water supply feature considered is
groundwater. This design would also be sufficient to supply 33,000
acre-feet of supplemental water in 45 days. The source of the
supplemental water would be a series of approximately seventy 18-inch
diameter wells and pumps placed adjacent to Buck and Blue Basins.
Because of potential water quality problems (high iron content) and high
pumping costs, this feature was eliminated from further consideration.

c. Reelfoot Creek Reservoirs — This alternative water supply feature is
based on the previously proposed feature for North and South Fork
Reelfoot Creek reservoirs. If this feature were built, the design and
operation of the reservoirs could be such that some of the capacity of the
structures would be retained for water supply without adversely affecting
the flood control and sediment control capabilities of the reservoirs. An
evaluation of the capacity of the reservoirs as previously described
indicates that the water supply capabilities of the reservoirs are only
sufficient to refill Reelfoot Lake from a normal pool deficit of about 1
foot. Because this feature does not appear to be fully effective and the
construction costs would be very high, it was eliminated from further
evaluation. ‘

d. Upper Bayou du Chien — The upper Bayou du Chien channel was
considered as an alternative source of water supply for Reelfoot Lake.
However, based on information gathered in other Corps studies, the
upper Bayou du Chien channel has insufficient base flow during the late
summer and fall months to be considered a viable source of water.
Therefore, this alternative was dropped from consideration in the early
stages of the study.
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Problem 3: Loss of Waterfowl Habitat.

ntation nagemen i The normal pool elevation
at Reelfoot Lake was held constantly near elevation 282.2 NGVD until 1991. The existing
condition water level management plan (also known as the Interim Plan) was implemented
in 1991 as part of the Record of Decision for the 1989 Reelfoot Lake Water Level
Management FEIS prepared by the U.S. Fish and Wildlife Service. This plan fluctuates the
water elevation up to 283.2 NGVD in the fall and winter and up to 282.7 in the spring and
summer. This fluctuation has improved the waterfow] habitat at Reelfoot Lake by providing
shallow flooding of large areas during the proper season for waterfow! use. The predicted
future without project condition is that this water level management effort will continue.

~ Additional water level management activities have been proposed at Reelfoot Lake
to increase habitat. A proposal to seasonally increase the elevation of the lake beyond the
current 283.2 winter elevation has been evaluated. Because of the potential benefits of this
feature, it will be carried forward for further evaluation.

~ Shelby Lake r i 1 man nt uni Shelby Lake is an area
just south of Highway 21 and east of Running Reelfoot Bayou. This location was once the

site of a significant oxbow shaped lake known as Shelby Lake. Due mainly to agricultural
practices, the lake has slowly been filled and drained. Only willows remain of what was
once a lake. A proposed feature has been considered to excavate the lake to return it to a
more natural state and also construct seasonally flooded waterfow] reservoirs around the
perimeter of the lake. Along with this, areas of seasonally flooded hardwood habitat would
be restored to provide ideal waterfow] habitat. This feature shows significant potential for
waterfowl habitat restoration benefits and is supported by the sponsor. For these reasons, it
will be carried forward for additional evaluation.

Lake Isom restoration. Lake Isom is a Federal Wildlife Refuge located
approximately 5 miles south of the existing spillway at Reelfoot Lake adjacent to Running
Reelfoot Bayou. A proposed feature is to increase the water level management capabilities
at Lake Isom to allow for seasonal fluctuations of the water level. This fluctuation would
provide increased waterfowl habitat during the winter months. In order to provide the
required water level management, the existing levee would need to be raised approximately
2 feet and the water control structure will need to be replaced with a structure capable of
raising the water elevation. This feature shows high potential for restoration of waterfowl
habitat and therefore will be carried forward for additional evaluation.

Waterfowl uni If eek sediment basin. A sediment detention basin
on Reelfoot Creek has been proposed previously to address the problems of loss of aquatic
habitat and declining water quality. This structure, if constructed, can also address the
problem of reduced waterfow! habitat. Low level levees could be constructed within the
sediment basin which would be seasonally flooded to provide shallow water habitat for
waterfowl. This could easily be accomplished with simple stoplog structures. Due to the
potential benefits of this feature, it will be carried forward for additional evaluation.
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Problem 4: Reduced Water Level Management Capability.

Construct alternative spillway. The construction of an alternative spillway would

provide a safe and more versatile structure for water level control at Reelfoot Lake in the
interest of fish and wildlife habitat restoration, flood control, and allied purposes. The
current spillway is not able to effectively manage water levels at Reelfoot Lake. A new
spillway with a broader range of water management capabilities is needed to provide
seasonal water level fluctuation of the lake. It is particularly-needed in order to implement
an efficient and effective water level management program as described previously in
response to the problem of loss of aquatic habitat. Due to the need and potential benefits of
an alternative spillway, it has been carried forward for additional evaluation.

Construct circulation channels. Circulation channels are a feature that has been
proposed earlier to address the problem of declining water quality. This feature is also

critical to address the water level management problem. In order to provide efficient
movement of water between the separate basins in Reelfoot Lake, clear channels of
adequate depth are required. These are particularly critical if a periodic drawdown of the
lake is implemented. This feature will be carried forward for additional evaluation because
of the requirement to have these channels to implement some water level management
activities. :

Opportunity 1: Protect and Restore Nationally Significant Resources.

As discussed previously, Reelfoot Lake and the surrounding area provide habitat for
several nationally significant species including migratory waterfowl and the Bald Eagle.
The seasonally flooded bottomland hardwood forests in the Reelfoot Lake area are
nationally significant habitat. The features discussed previously and carried on for
additional evaluation will help to protect and in some cases restore nationally significant
habitat. These evaluations will help to show the level of benefits that can be accomplished
by implementation of the proposed features and the positive effect on the nationally
significant resources at Reelfoot Lake.

In particular, the “Implementation of water level management practices” feature
could create a significant increase in seasonally flooded habitat for waterfowl if the feature
includes raising the water elevation in the lake. The “Sediment basin on Reelfoot Creek”
feature can be designed so as to create significant waterfowl habitat within the basin. The
Shelby Lake and Lake Isom features would also provide nationally significant waterfow]
habitat. The alternative spillway feature will provide increased habitat by allowing the
implementation of the proposed water level management practices.
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Opportunity 2: Improve Recreational Opportunities.

Increase sport fishing opportunities. Reelfoot Lake has been a key destination for

sport fishermen for many, many years. The abundance of several sport species including the
crappie, bream, catfish and largemouth bass have made the lake well known. Sport fish
populations, however, have slowly declined due to loss of aquatic habitat. The loss of
habitat is due to the problems previously mentioned including increased aquatic vegetation
and sediment deposition within the lake. Construction of the proposed alternative spillway
along with implementation of the proposed water level management practices and
construction of the proposed sediment basin on Reelfoot Creek should provide significant
improvements to the aquatic habitat and therefore improve the sport fishing activities on
Reelfoot Lake.

Increase waterfowl hunting opportunities. Reelfoot Lake is also well known for
the waterfowl hunting opportunities that exist at and around the lake. The lake’s location

within the Mississippi Flyway makes it a resting place for millions of waterfow] during their
annual migration. Just as the proposed features will improve aquatic habitat, they will also
significantly increase waterfow] habitat towards a more historic condition. The increased
habitat is expected to improve waterfowl hunting opportunities within the Reelfoot Lake
area.

Increase other outdoor recreation. Many non-consumptive recreational activities
occur at Reelfoot Lake. These activities include eagle observation tours, sightseeing,

general wildlife observation, camping, picnicing and hiking. Implementation of the
proposed features will restore, preserve and extend the life of Reelfoot Lake. As such, all
recreational opportunities mentioned above will be realized by implementation of the
project.

Opportunity '3: Increase Business Opportunities.

Increase commercial fishing opportunities. An opportunity exists to improve
commercial fishing at Reelfoot Lake. The commercial fishing industry is dependent on two
species — Crappie and Catfish. Reelfoot Lake is the only lake in the state of Tennessee
where Crappie is allowed to be taken for commercial fishing. This is due to the abundance
of the species in the lake, however the abundance of the species is slowly declining. This is
primarily due to the reasons mentioned previously of loss of aquatic habitat.
Implementation of the features proposed to restore habitat will benefit the commercial
fishing industry at Reelfoot Lake.

Increase visitation to Reelfoot Lake. The opportunity exists to improve visitation
by the public to the Reelfoot Lake area. This opportunity is due to the recreational
opportunities that will be increased by implementation of the proposed features. Both
consumptive and non-consumptive recreational activities are expected to benefit from the
proposed project.

(V)
(8]




TABLE 2

Summary of Preliminary Analysis of Features

Feature

Problem 1: Loss of Aquatic Habitat
a. Use of herbicides to control vegetation
b. Use of dredge to remove vegetation
c. Implementation of water level management practices
d. Construct sediment basin on Reelfoot Creek
e. Walnut Log sediment control
f. Dredging in critical deposition areas
g. Reelfoot & Indian Creek Diversion Channel

Problem 2: Declining Water Quality

a. Construct dredged circulation channels

b. Glady Hollow Diversion

¢. Reelfoot Creek reservoirs

d. Walnut Log sediment control

e. Construct sediment basin on Reelfoot Creek

f. Reelfoot & Indian Creek Diversion Channel
g. Alternative water supply to Reelfoot Lake

Problem 3: Loss of Waterfowl Habitat

a. Implementation of water level management practices
b. Shelby Lake restoration/waterfowl management units
¢. Lake Isom restoration

d. Waterfow] units at Reelfoot Creek sediment basin

Problem 4: Reduced Water Level Management Capability
a. Construct alternative spillway
b. Construct dredged circulation channels

Opportunity 1: Protect and Restore Nationally Significant Resources.

Opportunity 2: Improve Recreational Opportunities
a. Increase sport fishing opportunities ,
b. Increase waterfow! hunting opportunities
¢. Increase other outdoor recreation

Opportunity 3: Increase Business Opportunities
a. Increase commercial fishing opportunities
b. Increase visitation to Reelfoot Lake

Action

No Further Evaluation
No Further Evaluation
Carry Forward

Carry Forward
No Further Evaluation

No Further Evaluation
No Further Evaluation

Carry Forward
No Further Evaluation

No Further Evaluation
No Further Evaluation
Carry Forward
No Further Evaluation
No Further Evaluation

Carry Forward

Carry Forward
Carry Forward

Carry Forward

Carry Forward
Carry Forward

Carry Forward

Carry Forward
Carry Forward
Carry Forward

Carry Forward
Carry Forward




Environmental Effects of Features

After the preliminary evaluation of features, those which exhibited potentially high
levels of benefits, addressed the problems and opportunities identified, appeared to be
implementable, and have the sponsor’s support were carried forward for additional
evaluation. This additional evaluation will optimize and size the features and provide the
basis for formulation of alternative plans. Preliminary engineering designs were performed
on each feature in order to determine the estimated benefits and costs of the feature. Tables
are included with the description of each feature that present the estimated costs and benefits
of the feature. Both first costs (construction, real estate, etc.) and average annual costs were
calculated for each feature. The average annual cost calculated are the economic costs of
the feature which are net costs considering both the first costs and future costs forgone. The
economic appendix, appendix D, provides detailed information about the cost calculations.

Implementation of Water Level Management Practi Water level
management is expected to have positive impacts on several of the problems identified.
Implementation of the proper water level management will help control the amount of
aquatic vegetation within the lake and thereby address the problem of loss of aquatic habitat.
Water level management can also impact the problem of loss of waterfowl habitat by
providing additional acres of habitat through fluctuation of water elevations during the
appropriate seasons of the year. Implementation of water level management will also
indirectly impact all opportunities identified in the study by restoring and increasing aquatic
and waterfow] habitat in and around Reelfoot Lake.

' Twenty-seven different water level management scenarios were initially considered
during the study, however most have been eliminated due to a variety of reasons. The
Biological and Environmental Appendix lists all alternative management scenarios that were
considered and the reasons for or against implementation. One preliminary alternative
suggested returning the lake to uncontrolled, natural water fluctuations. While this may
appear ideal in some respects, damages to private and public property could be extreme
during periods of high water. For this reason, this alternative was not considered further.
The following three water level management alternatives have been selected for detailed
evaluation.

Alternative 1 — No Action, With this alternative, water level management would
continue as described in the existing conditions. The U.S. Fish and Wildlife Service
obtained permission in 1991 to operate lake levels under what is known as the “Interim Plan
of Operation” as described in the July 1989 “Reelfoot Lake Water Level Management Final
Environmental Impact Statement”. Under the Interim Plan, water levels may fluctuate
annually up to 282.7° m.s.1. during the period of April 16 — November 14 and fluctuate up to
283.2 m.s.l. during the period of November 15 — April 15. This procedure would continue
as the No Action alternative.

Alternative 2 — Dynamic Water Level Fluctuation with Major Periodic Drawdown.
This alternative is described in the 1989 Environmental Impact Statement prepared by the
U.S. Fish and Wildlife Service as “Alternative 6 (Preferred Alternative)”. Under this water
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level management scenario, the level of Reelfoot Lake would be managed more
dynamically than in the past, depending on the natural moisture regime in particular years.
The intent would be to manage for a more natural water level regime typical of alluvial
lakes. Management would strive for at least a two-foot fluctuation each year. Lake levels
would be allowed to fluctuate to at least 283.0’ m.s.1. before considering opening any gates
of the spillway. Manipulation of the spillway gates could occur between 283.0° - 283.5’
m.s.l. depending upon climatic events and runoff in the watershed, seepage impacts of the
Mississippi River, and other factors affecting lake hydrology or management needs based on
biological indicators of the lake’s ecosystem. Additional spillway gates would be opened
when the lake level reaches approximately 283.5” m.s.l, except with the occurrence of
unusual storm events when opening additional gates at lower elevations would be prudent.
As the lake level recedes from elevations above 283.5° m.s.l., the gates would be closed
between the same 0.5’ intervals until the lake is stabilized at 283.0 m.s.1.

Fluctuations of the lake level of 1 to 2 feet below elevation 282.2 m.s]l. will
generally occur dependent upon climatic conditions. However, periodic gate manipulation
or artificial lowering of the lake level to approximately 280.0’ m.s.l. may be used to
accomplish specific practices to improve fisheries and wildlife habitat, control vegetation, or
other management needs. Under this operating procedure, the lake could reach levels as
high as 284.0’ m.s.l. or as low as 280.0’ m.s.l. in any given year. High water levels would
generally occur in winter and spring; low water levels would generally occur in the summer
and early fall. However, unusual climatic events such as natural flooding or drought
conditions would occasionally exaggerate the water level extremes or modify their seasonal
occurrence. The gate manipulation procedures of this alternative would be modified to
accommodate required changes based on experience or biological indicators.

A major periodic drawdown would involve lowering the lake level four feet (from
282.2’ m.s.L. to 278.2’ m.s.l.) with a new water control structure. The drawdown would start
on June 1 and be completed by July 15 or earlier if possible. A minimum of 120 days would
be allowed for drying and aeration of the exposed lake bottom. The water control structure
would be closed in mid-November. Refilling of the lake would be dependent upon ground
water recharge and rainfall. The lake would be refilled to 283.3” m.s.l. and held at that level
until June 1 of the following year. Under average climatic conditions, the lake would refill
to this elevation by mid to late winter. The major periodic drawdown would be repeated as
needed every 5 to 10 years. Specific decisions concerning timing and need of subsequent
drawdowns would be made on the basis of monitoring physical and biological conditions
resulting from the first or previous drawdown. Dredging of existing circulation channels
will be required to facilitate the four foot drawdown. Recreation and commercial fishing
benefits are shown based on expected increases due to improved water quality and increased
aquatic habitat. '

Construction of the proposed Alternative Spillway feature is required in order to
implement this water level management plan, however the costs for that feature are
calculated separately. Costs for implementing this alternative water level management
practice will include appropriate real estate interests in property between elevation 283.2
m.s.l. (existing condition) and elevation 284.0 m.s.l. around Reelfoot Lake. Real estate
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interests for this alternative are estimated to include approximately 6,088 acres of
agricultural land, woodlands and wetlands and 6 residential structures. Of the 6,088 acres
estimated, approximately 755 acres are currently privately owned with the remainder being
publicly owned by the state and Federal governments. The real estate plan, appendix C,
provides a detailed breakdown of estimated real estate costs. The following table shows the
estimated costs and benefits for implementation of this water level management plan.

Table 3 _
Alternative 2 Water Level Management Practice
Dynamic Water Level Fluctuation w/Major Periodic Drawdown

Benefit and Cost Summary
(1 October 1998 P.L.)
Cost Account Item Cost
01 Lands and Damages $ 2,270,000

Total First Cost: $ 2,270,000
Average Annual Cost: $ 236,400

r nual 1
Fish & Wildlife Restoration, terrestrial: 240 AHUV
Aquatic Habitat Restoration: 4,946 AHUV
Annual Waterfow] Use Days: 7,125,000
Recreation and Commercial Fishing: $ 542,300
Alternative 3 — Interim Plan with Major Periodic Drawdown. This alternative is a

combination of Alternative 1 — No Action, as described above, with a major periodic
drawdown as described in Alternative 2 above. Lake water levels would be allowed to
fluctuate up to 282.7° m.s.l. during the period of April 16 — November 14 and up to 283.2°
m.s.l. during the period of November 15 — April 15, the same as the existing condition. A
major drawdown to elevation 278.2’ m.s.l. would occur every 5 to 10 years as necessary.
The drying and refilling times would be as described previously.

Construction of the proposed Alternative Spillway feature is required in order to
implement this water level management plan, however the costs for that feature are
calculated separately. No additional real estate costs are expected for implementation of this
water level management alternative.
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Table4 e e
Alternative 3 Water Level Management Practice
Interim Plan w/Major Periodic Drawdown

Benefit and Cost Summary
_ (1 October 1998 P.L.)
Cost Account Item Cost
Total First Cost: $ 0
Total Average Annual Cost: $ 0
Average Annual Benefits
Aquatic Habitat Restoration: 3,090 AHUV
Recreation and Commercial Fishing: $ 326,500

Construct Alternative Spillway. The alternative spillway feature is proposed to
replace the existing outlet structure on Running Reelfoot Bayou built in 1931. As
mentioned previously, the existing structure has outlived its design life and is showing signs
of deterioration. The radial gate on the structure is rarely used because of structural
deterioration. Severe seepage is occurring beneath the structure and the future stability of
the structure is unknown.

A new outlet structure is required to implement water level management of the lake
as described above. The existing structure does not have the outlet capacity to lower the
lake in the required time period, in that the design of the existing structure does not lend
itself to a drawdown activity. The existing structure is designed as an overflow weir,
therefore, the deteriorated radial gate would have to be used to implement a drawdown.
This would not meet the time limitations described and would reduce the overall benefits of
amajor drawdown.

The alternative spillway feature was designed based on several criteria determined
by the study team. They are as follows: ’

a. The structure must have the flexibility for implementation of various
water level management schemes including periodic major drawdown of
the lake within the prescribed time periods.

b. The structure must provide flood control equal to the existing structure.

c. Impacts to existing wetlands, parks, and roads must be minimized.

Based on these criteria, the study team formulated alternatives for the construction of
the alternative spillway. Seven alternative sites, as shown on Plate 1 were evaluated for the
new spillway structure. A comparison matrix, Plate 2, along with other considerations
shown on Plate 3, was prepared to help in the evaluation of alternative spillway sites. After
extensive review and comparison of the alternatives, Alternative Site 6 was selected as the
optimum location for the proposed spillway structure.
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Plate 2
Comparison Matrix for New Spillway Site Selection Criteria

Criteria

Alt. 1
Existing
Site

Alt.2

Recon
Site

Alt.3
East Site

At Camp

Alt. 4
Center
of
Curve

Alt. S
Just West
of
Existing

Alt. 6
Far
West

Alt. 7
East of
Recon

Minimize
Negative
Environmental
Impacts

0

Safe Road
Alignment
and Grade

Mimimize
Construction
Costs

Minimize Cost to
Maintain Existing
Water Management
Capability During
Construction

Minimize Cost
to Maintain
Road Service
During
Construction

Minimize Real
Estate Costs

Minimize Negative
Impacts to
State Park

+ Advantage of Site
0 No Advantage or Disadvantage of Site

Disadvantage of Site
- Major Disadvantage of Site




Plate 3

Evaluation of New Spillway Site Alternatives

Alternative

Alternative Site 1:

Eliminated — Cost of construction, complete removal of

Existing Site sill of old structure and fish weirs. Inlet through State
Park and difficulty maintaining water level
management during construction.

Alternative Site 2: Eliminated — Unsafe road alignment
Recon Study Site

Alternative Site 3: Eliminated — cost of relocation of trailers and impacts
Eastern Site at Private to business could range from $500,000 to $ 2,000,000.
Campground

Alternative Site 4: Eliminated — Opposed by local sponsor due to potential
Center of Curve with Road environmental impacts
Relocation

Alternative Site 5: Eliminated — High costs of maintaining road service

Just West of Existing Spillway

during construction and the inlet through the State
Park.

Alternative Site 6: No major drawbacks.
Far West Site
Alternative Site 7: Eliminated — Opposed by State Park, could have

East of Recon Site in State
Campground

negative impacts on campground

40




Along with the alternative spillway, a new inlet channel, outlet channel and bridge
will be required. The study team determined that separation of the bridge and spillway will
be beneficial to the project. If the bridge and spillway were combined, similar to the
existing structure, the spillway would be required to support highway traffic. This would
require that the deck structure on the spillway be a minimum of 48’ wide (2 — 12’ lanes and
2 — 12’ shoulders). This would greatly increase the depth of the proposed structure and
possibly foundation requirements over the design based on separate structures. Separation
of the structures also eliminates any potential future problems concerning maintenance
responsibilities between state highway and environmental agencies.

Optimization of the alternative spillway design was performed based on the flow
capacities required for the proposed major periodic drawdown of the lake. Designs were
considered which incorporated 4, 6, and 8 gated structures. Each gate is a 20’wide vertical
lift gate. This type of design allows for flow under the gates that will be beneficial to fish
passage through the structure. It was determined through hydraulic analysis, that the
proposed 6 gate structure has the capacity to lower the lake to elevation 278.2 m.s.l. in the
45 day time period taking normal precipitation levels into account. Outlet flow rates will be
limited to the existing capacity of Running Reelfoot Bayou, therefore no downstream
flooding is expected due to the periodic drawdown of the lake.

Plate 4 shows the proposed layout of the 6 gate alternative spillway, the inlet and
outlet channels, and the new bridge.

Table 5
Alternative Spillway
Benefit and Cost Summary
(1 October 1998 P.L.) :
Cost Account Item Cost
01 Lands and Damages h) 545,000
02  Relocations $ 1,825,000
06 Spillway and QOutlet Channel $ 5,713,000
30 Planning, Engineering and Design $ 1,141,000
31 Supervision and Administration $ 485,000
Total First Cost: $§ 9,709,000
Annual Operation and Maintenance $ 18,300
Average Annual Cost: §$ 834,100
Average Annual Benefits
Fish & Wildlife Restoration, terrestrial: 50 AHUV
Cost Savings and Land Value Enhancement: S 923,000
nstru iment Basin on_Reelfi reek, Sediment deposition has been

identified as one of the major problems at Reelfoot Lake. It has been determined that
approximately 50% of the sediment deposited in the lake is transported by Reelfoot Creek.
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During the Reelfoot Lake, Tennessee and Kentucky, Reconnaissance Study an evaluation
was performed which indicated that the construction of a single, large sediment basin on the
lower portion of Reelfoot Creek would be beneficial in addressing the problem of sediment
deposition in the lake. During the feasibility study, an in-depth sediment study was
performed which documents the expected benefits and costs of the construction of a
sediment retention basin on Reelfoot Creek.

The sediment basin proposed in the Reconnaissance Study consisted of an earthen
levee approximately 16,800 feet in length. This basin would encompass approximately
2,570 acres at the design water elevation of 305.0. During the feasibility study, the size of
the proposed sediment detention basin was optimized to provide the most cost efficient
structure. Four alternative size basins (including the Reconnaissance design) were
evaluated. Plate 5 shows the four alternative levee locations. The design water elevation of
305.0 was maintained for all alternatives. Parametric cost estimates were prepared for the
four alternatives along with estimates of benefits for the different size structures. Benefits
were estimated for the quantity of silt and sand captured annually, annual habitat unit values
(AHUV’s), and waterfow] use days (WUD’s). After evaluation of the preliminary costs and
benefits, Alternative #1 was selected as the optimum design based on the estimated cost per
unit of the various benefits.

After the completion of the optimization process, a complete sediment evaluation
was performed in accordance with the selected alternative. The following costs and benefits
were calculated for the construction of a sediment retention basin on Reelfoot Creek.

Table 6
Sediment Basin on Reelfoot Creek
Benefit and Cost Summary
(1 October 1998 P.L.)
01 Lands and Damages $ 5,334,000
02 Relocations $ 212,000
06 Sediment Retention Basin =~ $ 4,487,000
18 Cultural Resource Preservation $ 150,000
30 Planning, Engineering and Design 3 926,000
31 Supervision and Administration $ 139,000
Total First Cost: $ 11,248,000
Annual Operation and Maintenance $ 102,200
Total Average Annual Cost: $§ 1,000,600
Average Annual Benefits

Fish & Wildlife Restoration, terrestrial: 324 AHUV

Aquatic Habitat Restoration: 1,186 AHUV

Annual Waterfowl Use Days: 1,590,800

Recreation and Commercial Fishing: $ 135,500

Row Crop Production: $ 82.400
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© The construction of a sediment retention basin on Reelfoot Creek will address
several of the problems identified in the study including ‘Loss of Aquatic Habitat’,
‘Declining Water Quality’, and ‘Loss of Waterfowl Habitat’. It will also either directly or
indirectly address all opportunities listed in the previous section of this report.

Construct Circulation Channels. The circulation channels feature was proposed
during the Reconnaissance Study. The purpose of the channels is to provide for better
circulation of water between the major basins within the lake. The studies indicate that
improved water circulation will improve the problem of ‘Declining Water Quality’.
Construction of these channels will also provide greater water level management capability
within the lake and this feature is considered essential to implementing periodic drawdowns
of the lake. This feature will also allow easier boating access to some areas of the lake and
therefore will address several of the opportunities identified in this study.

The initial design of this feature during the Reconnaissance Study included
approximately 13 miles of channels in the lake. These channels were proposed to have a
maximum bottom elevation of 274.0 m.s.l. This feature was optimized during the
feasibility study. Three different bottom elevations for the channels were considered which
included 274.0, 276.0 and 278.0. After evaluating construction quantities, impacts on water
level management, impacts on existing wetlands, and discussions with the sponsor, it was
determined that circulation channels with bottom elevation of 278.0 will address the
problems identified in the study.

By increasing the maximum depth of the proposed circulation channels to 278.0, the
excavation quantities are reduced to approximately 27,500 cubic yards from approximately
595,000 cubic yards for the 274.0 elevation channels and 254,000 cubic yards for the 276.0
elevation channels. The total length of circulation channels at elevation 278.0 is
approximately 3.2 miles compared to approximately 15 miles for the channels at elevation
274.0 and 13 miles for channels at elevation 276.0. Potential negative impacts to the
environment from excavation within wetlands and disposal of excavated material are greatly
reduced. Circulation channels with a bottom elevation of 278.0 will adequately address the
requirements of a major periodic drawdown as described in this report.

The proposed circulation channels are shown on Plate 6. Two boat access channels
are included in the proposed feature. These channels are required for access to the lake
during major periodic drawdowns for water quality sampling and monitoring. The locations
of the proposed channels follow existing channels and ditches within the lake. This design
will also help to minimize negative impacts and reduce construction costs.
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Table 7
Circulation Channels

Benefit and Cost Summary
(1 October 1998 P.L.)
Cost Account Item Cost
01 Lands and Damages $ 16,000
06 Circulation Channels $ 249,000
30 Planning, Engineering and Design $ 238,000
31 Supervision and Administration $ 36,000
Total First Cost: $ 539,000
Annual Operation and Maintenance $ 1,700
Total Average Annual Cost: $ 48,800
Average Annual Benefits
Aquatic Habitat Restoration: 130 AHUV
Recreation and Commercial Fishing: $ 38,400
h k rati n n ni Prior to the

construction of the Mississippi River levees, the Reelfoot Lake spillway, and Highway 21,
Shelby Lake was a natural oxbow lake surrounded by cypress trees and replenished
regularly by flood waters from Reelfoot Lake and the Mississippi River. Since the
construction of these items, the site has slowly silted in and has been cleared for agricultural
use. A small remnant of the original lake is still too wet for agriculture and has now grown
up in willows. This is all that is left of the original natural lake. Plate 7 is a copy of the
1934 U.S.G.S. quad map which clearly shows Shelby Lake just south of Highway 21.

Plates 8 and 9 show the proposed Shelby Lake feature as it has been formulated.
The purpose of this feature is to restore the area to the historical wetland condition and to
provide waterfow! and wetland habitat. The design of this feature includes shallow
excavation of Shelby Lake (0 to 6 feet) and construction of low level terraces for seasonal
impoundment of water. The restored Shelby Lake would cover approximately 170 acres at
the normal pool elevation of 280.0 m.s.l.. The six seasonally flooded waterfow] areas would
cover approximately 483 acres and approximately 312 acres of forest hardwood habitat is
included in the feature to provide diversity and cover. Restoration of this area is expected to
produce high levels of migratory waterfowl benefits sumlar to other waterfowl management
units already in use in the Reelfoot Lake area.
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" The benefits and costs estimated for the Shelby Lake Restoration/Waterfow]
Management Units feature is shown below.

Table 8
Shelby Lake Restoration/Waterfowl Management Units
Benefit and Cost Summary
(1 October 1998 P.L.) .
Cost Account Item Cost
01 Lands and Damages $ 2,263,000
02 Relocations $ 8,000
06 Waterfow! Management Area/Tree Planting $ 1,906,000
18 Cultural Resource Preservation $ 150,000
30 Planning, Engineering and Design - $ 530,000
31 Supervision and Administration $ 106,000
Total First Cost: $ 4,963,000
Annual Operation and Maintenance $ 40,700
Total Average Annual Cost: $§ 443,300
Average Annual Benefits

Fish & Wildlife Restoration, terrestrial: 676 AHUV

Aquatic Habitat Restoration: 28 AHUV

Annual Waterfowl Use Days: 2,455,000

Recreation and Commercial Fishing: $ 100,000

Row Crop Production: $ 38,400

Lake Isom Restoration. The Lake Isom feature is located just south of Shelby
Lake and Reelfoot Lake along Running Reelfoot Bayou, the main outlet from Reelfoot
Lake. Lake Isom is a Federal Wildlife Refuge which is owned and operated by the U.S.
Fish and Wildlife Service. This feature has been formulated to address the problem of loss
of waterfowl habitat in the Reelfoot Lake area.

Similar to Shelby Lake, Lake Isom was also recharged frequently by flood waters
from Reelfoot Lake and the Mississippi River before the construction of the Mississippi
River levees, the Reelfoot Lake spillway and Highway 21. It once existed as a natural
wetland complex which provided excellent aquatic and waterfowl habitat. Along with the
changes in hydrologic conditions due to the levees and construction around Reelfoot Lake,
Lake Isom has also experienced a long term drying effect partly due to alterations in
Running Reelfoot Bayou. The bayou was channelized in 1959 and the flowline of the
bayou is currently approximately 15 feet lower than the normal water level of Lake Isom.

The proposed feature at Lake Isom is to provide the capability of increased water
level management within the lake. The management capability will include the potential for
raising the water level in the lake by up to 2 feet. The higher water levels would generally
be during the winter months for increased waterfowl habitat. Also, more capability for
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fluctuation of the water levels throughout the year would be possible if the plan is
implemented. The plan call for annual water level fluctuations between elevation 279.0 and
elevation 282.0. The increased annual fluctuation is expected to help control the amount of
aquatic vegetation within the lake and therefore improve waterfowl and aquatic habitat. '

In order to implement this feature, the elevation of the existing levee at Lake Isom
must be raised by 2 feet. A new outlet structure that has the capability to raise the water
level to elevation 282.0 will also be required. Six pumps will be constructed to augment
natural water supply to Lake Isom for raising the water elevation, particularly during dry
years. A borrow area has been selected within the boundaries of Lake Isom as a source of
material for raising the elevation of the levee. The selected site will be excavated in a
manner to provide aquatic and waterfow! habitat. The following table shows the expected
benefits from implementing the Lake Isom feature.

Table 9
Lake Isom Restoration
Benefit and Cost Summary
(1 October 1998 P.L.)
Cost Account Item Cost
01 Lands and Damages ' $ 110,000
06 Lake Isom Improvements $ 813,000
30 Planning, Engineering and Design $ 376,000
31 Supervision and Administration $ 44,000
Total First Cost: $ 1,343,000
Annual Operation and Maintenance $ 26,300
Total Average Annual Cost: $ 139,300
Average Annual Benefits
Fish & Wildlife Restoration, terrestrial: 179 AHUV
Aquatic Habitat Restoration: 110 AHUV
Annual Waterfowl Use Days: 2,226,200

Recreation and Commercial Fishing: $ 22,300




Formulation of Alternative Plans

After the cost and benefit evaluation for the selected features was performed, the
features were grouped together into alternative plans for further evaluation. This grouping
allows for a cost effectiveness evaluation of the alternative features for selection of the
recommended plan. The features included for the formulation of alternative plans include:

¢ Implementation of Water Level Management Practices
e Alternative 1 — No Action '
e Alternative 2 — Dynamic Water Level Fluctuation with Major Periodic

Drawdown
e Alternative 3 — Interim Plan (existing) with Major Periodic Drawdown
Alternative Spillway

Dredged Circulation Channels

Sediment Basin on Reelfoot Creek

Shelby Lake Restoration/Waterfowl Management Units
Lake Isom Restoration

The Alternative Spillway feature must be constructed in order to implement the
Water Level Management Practices Alternative 2 and Altemative 3 features. Because of
this, these features are considered to be dependent features and were not evaluated
independently. A total of 14 alternative plans (including the no-action plan) were
formulated from the features. The plans, costs, benefits, and effects are as follows:

No-Action Plan, This plan is based on the future without project conditions
described previously in this report. No Corps of Engineers project would be implemented
under this alternative. Environmental resources will continue to degrade and Reelfoot Lake
will continue to fill with sediment. The Environmental Appendix and Draft E.IS. document
the expected loss of environmental habitat for the future without project condition. The
existing outlet structure will continue to deteriorate and at some time will require
replacement. Intermediate steps, such as stabilizing the structure with rock, could be taken
to maintain the water level in the lake. A temporary fix of this nature would cause the
existing structure to function as a weir and limit the usefulness of the structure.

Eventually, the existing outlet structure must be replaced in order to maintain its
function. It is anticipated that the size and location of a replacement structure will be similar
to the proposed alternative spillway feature previously discussed in this report whether
constructed by the Corps or by some other entity. Therefore, the cost estimate for this
structure was used as a basis for the economic analysis of the future without project
condition.

Alternative Plan 1a. Alternative plan la consists of the Alternative Spillway and
Water Level Management Practices Alternative 1. This plan will provide for the
replacement of the existing deteriorated control structure and water level management equal
to the existing condition. Implementation of this plan would ensure that Reelfoot Lake
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continues to exist in a condition equal to the exiting condition without the fear of failure of
the existing spillway and bridge structure. This plan will ensure the continuation of existing
recreation and commercial fishing activities as well as flood control protection presently
provided by Reelfoot Lake.

Table 10
Alternative Plan 1a
Benefit and Cost Summary
~ (1 October 1998 P.L.)

Total First Cost: $ 9,709,000
Average Annual Cost: $ 834,100
Average Annual Benefits:

Cost per Benefit
Fish & Wildlife Restoration, Terrestrial: 50 AHUV _ $ 16,682

Economic Benefits: $ 923,000

Alternative Plan 2a. Alternative plan 2a consists of the Alternative Spillway,
Water Level Management Practices Alternative 1, and Circulation Channels. This plan will
provide the same benefits as Alternative Plan 1a but will also provide additional water
quality benefits within the lake from the addition of the circulation channels. Some
additional recreation benefits may be realized due to easier access to the various basins
within the lake. The estimated average annual costs and benefits of this plan are listed
below.

- Table 11
Alternative Plan 2a
Benefit and Cost Summary

(1 October 1998 P.L.)
Total First Cost: . ' ©$ 10,248,000
Average Annual Cost: $ 882,900

Average Annual Benefits:
e Cost per Benefit

Fish & Wildlife Restoration, Terrestrial: 50 AHUV $ 17,658
-~ Aquatic Habitat Restoration: 130 AHUV $ 6,791

Economic Benefits: $ 961,400

Alternative Plan 2b, Alternative plan 2b consists of the Alternative Spillway,
Water Level Management Practices Alternative 2, and Circulation Channels. This plan will
provide the same benefits as Alternative Plan 2a but will also provide substantial waterfowl
and aquatic benefits due to the seasonal fluctuation and periodic major drawdowns included
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in the Water Level Management Practices Alternative 2. Implementation of this plan will
require significant real estate acquisitions due to raising the water level within the lake.
Potential negative impacts are due to the effect of a periodic drawdown of the lake on the
local economy. ’

Table 12
Alternative Plan 2b
Benefit and Cost Summary
(1 October 1998 P.L.)
et Cont v e e 3 15.518,000
Average Annual Cost: ' $ 1,119,300
Average Annual Benefits:
Cost per Benefit
Fish & Wildlife Restoration, Terrestrial: 290 AHUV $ 3,860
Aquatic Habitat Restoration: 4,946 AHUV $ 226
Annual Waterfowl Use Days: 7,125,000 $ 0.16
Economic Benefits: $ 1,465,300
Alternative Plan 2¢. Alternative plan 2c consists of the Alternative spillway, Water

Level Management Practices Alternative 3, and the Circulation Channels features.
Alternative plan 2c will provide the same benefits as plan 2a plus the additional aquatic
benefits provided by the periodic drawdown described previously. Plan 2c¢ does not require

" the real estate interests needed for implementation of higher water levels within the lake.

This plan, however, does not provide the large number of waterfowl benefits estimated for
plan 2b due to the increased water levels within Reelfoot Lake.

Table 13
Alternative Plan 2¢
Benefit and Cost Summary
(1 October 1998 P.L.)

Total First Cost: ' . $ 10,248,000
Average Annual Cost: ) 882,900
Average Annual Benefits:

Cost per Benefit
Fish & Wildlife Restoration, Terrestrial: 50 AHUV S 17,658
Aquatic Habitat Restoration: 3,090 AHUV $ 286

‘ Economic Benefits: v $ 1,249,500




Alternative Plan 3a. This altemative plan consists of the Alternative Spillway
feature, the Circulation Channels, Water Level Management Practices Alternative 1, and the
Reelfoot Creck Sediment Detention Basin. The inclusion of the sediment detention basin
will have a significant impact on the amount of sediment being deposited in Reelfoot Lake
from Reelfoot Creek. Other benefits will be similar to Alternative Plan 2a. The estimated
costs and benefits of plan 3a are listed below. . .

Table 14
Alternative Plan 3a
Benefit and Cost Summary
: (1 October 1998 P.L.)

Total First Cost: $ 21,496,000
Average Annual Cost: $ 1,883,500
Average Annual Benefits:

Cost per Benefit
Fish & Wildlife Restoration, Terrestrial: 374 AHUV $ 5,036
Aquatic Habitat Restoration: , 1,316 AHUV $ 1,431
Annual Waterfowl Use Days: 1,590,800 $ 1.18

Economic Benefits: $ 1,179,300

Alternative Plan 3b, Alternative Plan 3b consists of the Alternative Spillway,
Circulation Channels, Water Level management Practices Alternative 2, and the Sediment
Detention Basin features. This plan provides the maximum level of benefits for this
combination of features due to the inclusion of the seasonal water level fluctuations and the
periodic major drawdown of Reelfoot Lake. The implementation of this combination of
features would provide significant benefits to the lake.

Table 15
Alternative Plan 3b
Benefit and Cost Summary
(1 October 1998 P.L.)

Total First Cost: $ 23,766,000
Average Annual Cost: $ 2,119,900
Average Annual Benefits:

o . .Cost per Benefit
Fish & Wildlife Restoration, Terrestrial: 614 AHUV $ 3,453
Aquatic Habitat Restoration: 6,132 AHUV $ 346
Annual Waterfowl Use Days: 8,715,800 $ 0.24

Economic Benefits: $ 1,683,200
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Alternative Plan 3¢, Alternative Plan 3c is similar to Alternative Plan 3b except
that the seasonal water level fluctuation of the lake is not included. This plan consists of the
Alternative Spillway, the Circulation Channels, Water Level Management Plan Alternative
3, and the Reelfoot Creek Sediment Detention Basin. The estimated costs and benefits are
listed below.

Table 16
Alternative Plan 3¢
Benefit and Cost Summary
(1 October 1998 P.L.)

Total First Cost: ‘ $ 21,496,000
Average Annual Cost: $ 1,883,500
Average Annual Benefits:

Cost per Benefit
Fish & Wildlife Restoration, Terrestrial: 374 AHUV $ 5,036
Aquatic Habitat Restoration: 4,276 AHUV $ 440
Annual Waterfowl Use Days: 1,590,800 $ 1.18
Economic Benefits: $ 1,467,400
Alternative Plans 4a. 4b, and 4¢. Alternative Plans 4a, 4b, and 4c are similar to

Altemative Plans 3a, 3b, and 3c except for the inclusion of the Shelby Lake
Restoration/Waterfowl Management Units feature in each of the three plans. The inclusion
of this feature is expected to generate both aquatic and waterfowl benefits for the Reelfoot
Lake area. Real estate acquisition would be necessary to implement the Shelby Lake
feature, however the expected benefits are significant. The construction of this feature will
help to return this wetland area to a more historic condition.

Table 17
Alternative Plan 4a
Benefit and Cost Summary
(1 October 1998 P.L.)

Total First Cost: o $ 26,459,000
Average Annual Cost: , T $ 2,326,800
Average Annual Benefits:

Cost per Benefit
Fish & Wildlife Restoration, Terrestrial: 1,050 AHUV $ 2,216
Aquatic Habitat Restoration: 1,344 AHUV - 8 1,731
Annual Waterfowl Use Days: 4,045,800 $ 0.58

Economic Benefits: $ 1,317,700
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Table 18

Alternative Plan 4b
Benefit and Cost Summary
(1 October 1998 P.L.)

Total First Cost: $ 28,729,000
Average Annual Cost: $ 2,563,200
Average Annual Benefits:

Cost per Benefit
Fish & Wildlife Restoration, Terrestrial: 1,290 AHUV $ 1,987
Aquatic Habitat Restoration: 6,160 AHUV $ 416
Annual Waterfowl Use Days: 11,170,800 $ 0.23
Economic Benefits: $ 1,821,600
Table 19
Alternative Plan 4¢
Benefit and Cost Summary

(1 October 1998 P.L.)

Total First Cost: $ 26,459,000
Average Annual Cost: $ 2,326,800
Average Annual Benefits:

Cost per Benefit
Fish & Wildlife Restoration, Terrestrial: 1,050 AHUV h) 2,216
Aquatic Habitat Restoration: 4,304 AHUV $ 541
Annual Waterfowl Use Days: 4,045,800 $ 0.58
Economic Benefits: $ 1,605,800
Alternative Plans 5a, 5b, and Sc. These alternative plans are similar to Alternative

Plans 4a, 4b, and 4c except for the inclusion of the Lake Isom Restoration feature. Lake
Isom is currently a waterfowl refuge operated by the U.S. Fish and Wildlife Service.
Implementation of the proposed feature is expected is generate a high level of waterfowl
benefits which will help to restore this area closer to the historical wetla~d condition. The
cost estimate for Lake Isom includes a small amount of real estate in:erests due to the
proposed increase of the water level of the lake. The estimated costs and benefits of these
proposed alternative plans are as follows.
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Table 20

Economic Benefits: $1.628,100

Alternative Plan 5a
Benefit and Cost Summary
(1 October 1998 P.L.)

Total First Cost: $ 27,802,000
Average Annual Cost: $ 2,466,100
Average Annual Benefits:

Cost per Benefit
Fish & Wildlife Restoration, Terrestrial: 1,229 AHUV $ 2,007
Aquatic Habitat Restoration: 1,454 AHUV $ 1,696
Annual Waterfowl Use Days: 6,272,000 $ 0.39
Economic Benefits: $ 1,340,000
Table 21
Alternative Plan Sb
Benefit and Cost Summary

(1 October 1998 P.L.)

Total First Cost: $ 30,072,000
Average Annual Cost: $ 2,702,500
Average Annual Benefits:

Cost per Benefit
Fish & Wildlife Restoration, Terrestrial: 1,469 AHUV $ 1,840
Aquatic Habitat Restoration: 6,270 AHUV $ 431
Annual Waterfowl Use Days: 13,397,000 $ 0.20
Economic Benefits: $ 1,843,900
Table 22
Alternative Plan Sc¢
Benefit and Cost Summary

(1 October 1998 P.L.)

Total First Cost: ' $ 27,802,000
Average Annual Cost: $ 2,466,100
Average Annual Benefits:

Cost per Benefit
Fish & Wildlife Restoration, Terrestrial: 1,229 AHUV $ 2,007
- Aquatic Habitat Restoration: 4414 AHUV $ 559
Annual Waterfow! Use Days: 6,272,000 $ 0.39
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Comparison of Alternative Plans

After completion of the formulation of the alternative plans and estimation of the
benefits and costs of each plan, a comparison was performed to evaluate the various plans.
Initial screening of all alternatives was performed by evaluating various criteria including
acceptability, completeness, efficiency, effectiveness, and partnership context. The
comparison includes the cost per benefit evaluation for each category of benefit for each
plan. The benefit categories include fish and wildlife terrestrial habitat restoration, aquatic
habitat restoration, waterfowl habitat restoration and recreation and commercial fishing
benefits. The terrestrial and aquatic habitat benefits are measured in annual habitat unit
values (AHUV). This is a measure of the improvement of the environment due to the
proposed changes. Waterfowl habitat restoration is measure in waterfowl use days
(WUD’s). This is a prediction of the number of waterfowl] that will use an area due to
improved environment. Recreation and commercial fishing benefits are measured in dollars
based on environmental and economic evaluations of the effected habitat areas.

Costs were calculated for all proposed features and alternative plans. Both expected
first costs and average annual equivalent costs were calculated. The average annual
equivalent cost includes not only the annualized first cost, but also considers other economic
factors such as future expenses forgone and the predicted impacts on the economy. Cost per
benefit comparisons were performed using the expected annual benefits of each alternative
plan and the average annual plan cost. Appendix D, the economic appendix, provides a
complete breakdown of the annualized costs for the alternative plans. Table 24 provides a
summary of the benefits and costs used for the comparison of the alternative plans. Charts 1
through 3 provide a comparison of the alternative plans based on the efficiency of the
outputs.

In addition to comparing the costs and benefits of the alternative plans, each plan
was evaluated for its effectiveness in addressing the problems and opportunities identified
previously in this study. Table 25 provides the results of this evaluation. Ranking of the
alternative plans, as shown in Table 23 was performed based on benefit category and cost.
This table clearly indicates that the plans which include water level management Alt. 2 (5b,
4b, 3b, 2b) generally have the highest overall benefits.

Table 23

Ranking of Alternative Plans by Benefits and Cost
1 2 3 4 5 6 7 8 9 10 11t 12 13
Highest Benefits Lowest Benefits
Terrestrial AHUV [ 5b | 4b | 5¢ | 5a | 4c [ 4a | 3b | 3c | 3a 2b | 2¢ | 2a | la
Aquatic AHUV | 5b | 4b | 3b | 2b | 5¢ 4c | 3¢ | 2¢ | Sa ! 4a | 3a | 2a | la
Waterfowl Use Days | 50 | 4b | 3b | 2b | 5c | 5a | 4c 4a | 3¢ . a | 2c | 2a | la
Economic Benefits | 5b | 4b | 3b | Sc | 4c | 3c | 2b | Sa 4a ¢ | 3a | 2a | la

Highest Average Annual Cost Lowest
Cost Sbl4b15c[5a|4c\4a[3b[3c|3a\2h{2c|2a]la;J
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Cost Comparison for Terrestrial AHUV

12 2a 2b 2c 3a 3b 3c 4a 4b 4c 5a 5b 5c’

Alternative Plans

Figure 2

Annual Cost per AHUV

$6,000 -

$5,000 -

$4,000 -

n f \"

2a 2b 2¢ 3a 3 3c 4a 4b 4 5a 5b 5S¢
Alternative Plans

Figure 3

62




$1.20 4

$1.00

$0.80 -

Annual Cost Per WUD
Loid
[
o
o

$_ o 5 ‘ 3
1a 2a 2b 2c 3a 3b 3c 4a 4b 4c S5a 5b 5¢

Alternative Plans

Figure 4

Annual Benefits

Economic Benefits

$2,000,000 -
$1,800,000 -
$1,600,000 A
$1,400,000 -
$1,200,000 -
$1,000,000 -
$800,000 -
$600,000 -
$400,000 -
$200,000 -
$- I

12 2a 2b 2c 3a 3b 3c 4a 4b 4c 5a 5b 5c

Alternative Plans

Figure 5

83




Ranking was also performed on the basis of cost per unit benefit for the various
environmental benefits for the 13 alternative plans. This ranking indicates the plans that are
most efficient per category of benefit, however this ranking is not fully indicative of the
effectiveness of the plan in addressing the problems and opportunities identified in this
study.

Table 25
Ranking of Alternative Plans by Cost per Unit Benefit

1 2 3 4 5 6 7 8 9 .10 11 12 13

Lowest Cost/Benefit Highest Cost/Benefit

Terrestrial AHUV [ 5b | 4b | 5¢c | 5a | 4c | 4a | 3b | 2b | 3c | 3a | la | 2a | 2¢

Aquatic AHUV [ 2b | 2c [ 3b | 4b [ 5b [ 3c | 4c | 5c | 3a | 5a | 4a | 2a

Waterfowl UseDays | 2b | 5b | 4b [ 3b | 5¢c | 5a | 4c | 4a | 3c | 3a

In summary, the alternative plans which provide the highest levels of environmental
and economic benefits are the plans which include the water level management practices
alternative 2. These plans also, in general, have the highest costs. The plans which show
the least cost per environmental benefit are also, in general, the plans which include the
water level management practices alternative 2. This is due to the high levels of benefits
expected from the seasonal increase of the water level and the periodic drawdown of the
lake as previously described in this report.

Alternative plan 5b provides the highest level of benefits in all environmental and
economic benefit categories evaluated in this study. Next, plans 4b, 3b, 5¢, and 2b,
respectively, provide the highest levels of benefits considering all benefit categories, as
shown in Table 23. Efficiency of the alternative plans varies according to the benefit
category being examined as shown in Table 25 above. Plans 2b, 5b, 2¢, and 4b provide
the most efficient output of benefits in at least one of the benefit categories. However,
only plans 5b and 4b effectively address all of the problems and opportunities identified.
Plan 5b is similar to plan 4b except that it includes the Lake Isom Restoration feature.
This feature significantly increases both terrestrial and aquatic habitat benefits along with
waterfowl habitat benefits. Because of the relatively low cost of the Lake Isom
Restoration feature, plan Sb provides lower cost per unit benefits than plan 4b in all but
one of the benefit categories evaluated as shown in Tables 24 and 26. Therefore, plan Sb
was found to be both more efficient and more effective than plan 4b.
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TABLE 26
REELFOOT LAKE FEASIBILITY STUDY

SYSTEM OF ACCOUNTS
WITHOUT
ACCOUNT PROJECT PLAN 1A PLAN 2A PLAN 2B
A. PLAN DESCRIPTION NONE Alternative Alternative Alternative
Spillway and Spillway, Spillway,
existing water Circulation Circulation
level Channels, existing | Channels,
management water level dynamic water
plan management plan level fluctuation
with drawdown
B. SIGNIFICANT IMPACTS
1. National Economic
Development

a. First Cost (1 Oct 98 P.L.) - $9,709,000 $10,248,000 $12,518,000

b. OMRR&R -- $18,300 $20,000 $20,000

c. Annual Costs (AAE) @ e $834,100 $ 882,900 $ 1,119,300

Current interest Rate
(7.125%)
d. Annual Benefits (AAE) @ -~- $923,000 $ 961,400 $ 1,465,300
Current Interest Rate
(7.125%)
2. Environmental Quality
a. Biological Resources
1. Wildlife Habitat
a. Terrestrial Continued + 50 AHUV + 50 AHUV + 290 AHUV
Decrease
b. Aquatic Continued No Change + 130 AHUV + 4,946 AHUV
Decrease
c. Waterfow! Continued No Change No Change +7,125,000
Decrease wuD
2. Aquatic Resources Continued Continued Increase 'Sr:g:ufx:ant
Decrease Decrease crease
3. Threatened or Continued Continued improve Improve
Endangered Species Decline Decline
4. Fisheries Further Continued improve Significant
Degradation Degradation Improvement

b. Air Quality No Change No Change No Change No Change
Expected Expected Expected Expected

c. Water Quality Further Continued improve Improve
Degradation Degradation

d. Wooded Land Loss of Loss of Loss of Increase in
bottomland bottomland bottomland bottomiand
hardwoods hardwoods and hardwoods and hardwoods and
and forested forested forested swamps. forested
swamps. swamps. swamps.

e. Agricultural Land No Change No Change No Change Acquisition of

farmiand
Expected Expected Expected .
required.

f. Wetlands Loss of Loss of Loss of Improved
bottomland bottomtand bottomland wetlands.
hardwoods hardwoods and hardwoods and
and forested forested forested swamps.
swamps. swamps. B

g. Historic Properties No change No impacts No impacts No impacts
expected. expected. expected. expected.
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TABLE 26
REELFOOT LAKE FEASIBILITY STUDY

SYSTEM OF ACCOUNTS
WITHOUT
ACCOUNT PROJECT PLAN 1A PLAN 2A PLAN 2B
3. Regional Economic
Development

a. Net income (AAE) @ N/A $ 88,900 $ 78,500 $ 346,000
current interest rate
(7.125%)

b. Employment Slight Temporary Temporary Temporary

Decrease increase in increase in increase in
construction construction construction
employment. employment. employment.

¢. Regional Growth Slight No substantial No substantial increase

Decrease effect. effect.
d. Local Government No Effect No substantial No substantial No substantial
Finance effect. effect. effect.
4. Other Social Effects
a. Noise No Effect Temporary Temporary Temporary
increase during increase during increase during
construction. construction. construction.

b. Esthetics No Effect No Effect No Effect Reduced during
periodic
drawdown

¢. Health, Safety, and Potential Increased Increased Effect Increased Effect
Security of Life life/safety Effect from from new bridge from new bridge

effect from new bridge
failure of
structure

d. Public Facilities and Decrease fncrease Increase Increase
Services

e. Displacement of People No Effect Possible Possible Passible

f. Community Cohesion No Effect No Effect No Effect No Effect

g. Community Growth No Effect No Effect No Effect No Effect

h. Emergency Preparedness No Effect No Effect No Effect No Effect

C. PLAN EVALUATION
1. Relationship to Planning

Objectives

a. Fish and Wildlife Habitat Reduction in + 50 AHUV + 180 AHUV + 5,236 AHUV
Restoration fish and

wildlife
habitat

b. Waterfowl Habitat Reduction in No Effect No Effect +7,125,000
Restoration waterfowl WwubD

habitat
2. Net Beneficial and Adverse

Effects (AAE)

a. Tangible Benefits @ - $ 323,000 $ 961,400 $ 1,465,300
current interest rate ‘
{7.125%) 3

b. Tangible Costs @ current - $ 834,100 $ 882,900 $ 1,119,300
interest rate (7.125%) ] o

¢. Net Benefits $ 88,900 $ 78,500 $ 346,000
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TABLE 26 (Cont'd)
REELFOOT LAKE FEASIBILITY STUDY

SYSTEM OF ACCOUNTS
ACCOUNT PLAN 2C PLAN 3A PLAN 3B PLAN 3C
A. PLAN DESCRIPTION Alternative Alternative Alternative Alternative
Spillway, Spillway, Spillway, Spillway,
Circulation Circulation Circulation Circulation
Channels, Channels, Channels, Channels,
periodic sediment sediment basin, sediment basin,
drawdown basin, existing dynamic water periodic
water level level fluctuation drawdown
management with drawdown
B. SIGNIFICANT IMPACTS
1. National Economic

Davelopment

a. First Cost {1 Oct 98 P.L.} $10,248,000 $ 21,496,000 $ 23,766,000 $ 21,496,000

b. OMRR&R $20,000 $122,200 $122,200 $122,200

¢. Annual Costs (AAE) @ '$ 882,900 $ 1,883,500 $ 2,119,900 $ 1,883,500

Current Interest Rate
(7.125%)
d. Annual Benefits (AAE) @ $ 1,249,500 $ 1,179,300 $ 1,683,200 $ 1,467,400
Current Interest Rate
{7.125%])
2. Environmental Quality
a. Biological Resources
1. Wildlife Habitat
a. Terrestrial + 50 AHUV + 374 AHUV + 614 AHUV +374 AHLUV
b. Aquatic +3,090 +1,316 + 6,132 AHUV +4,276 AHUV
AHUV AHUV
c. Waterfow! No Change +1,590,800 +8,715,800 +1,590,800
wuD wuUD wWuD
2. Aquatic Resources Increase Increase Significant Increase
Increase
3. Threatened or improve Improve Improve Improve
Endangered Species
4. Fisheries Improvement Increase Significant Significant
Improvement Improvement

b. Air Quaiity No Change No Change No Change No Change
expected expected expected expected

¢. Water Quality Increase Significant Significant Significant

Improvement Improvement Improvement

d. Wooded Land Loss of Increase in increase in Increase in
bottomland bottomland bottomland bottomland
hardwoods hardwoods hardwoods and hardwoods and
and forested and forested forested swamps. forested
swamps. swamps. swamps.

. No Change Acquisition of Acquisition of Acquisition of

e. Agricultural Land Expected farmland farmiand required. farmland

required. required.

f. Wetlands Loss of Increase in Increase in Increase in
bottomland bottomiand bottomland bottomland
hardwoods hardwoods hardwoods and hardwoods and
and forested and forested forested swamps. forested
swamps. swamps. swamps.

g. Historic Properties No impacts No impacts No impacts No impacts

| expected. expected. expected. : expected.
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TABLE 26 (Cont'd)
REELFOOT LAKE FEASIBILITY STUDY

SYSTEM OF ACCOUNTS

ACCOUNT PLAN 2C PLAN 3A PLAN 3B PLAN 3C
3. Regional Economic
Development
a. Net Income (AAE) @ $ 366,600 $ (704,200) $ {436,700} $ (416,100)
current interest rate
(7.125%)

b. Employment Temporary Temporary Temporary Temporary
increase in increase in increase in increase in
construction construction construction construction
employment. employment. employment. employment.

c. Regional Growth Increase Increase Increase Increase

d. Local Government

No substantial

No substantial

No substantial

No substantial

Finance effect. effect. effect. effect.
4. Other Social Effects

a. Noise Temporary Temporary Temporary Temporary
increase increase increase during increase during
during during construction. construction.
construction. construction. :

b. Esthetics Reduced No Effect Reduced during Reduced during
during periodic periodic periodic
drawdown drawdown drawdown

c. Health, Safety, and Increased Increased Increased Effect Increased Effect

Security of Life Effect from Effect from from new bridge from new bridge
new bridge new bridge

d. Public Facilities and Increase Increase Increase Increase

Services

e. Displacement of People Possible Possible Possible Possible

f. Community Cohesion No Effect No Effect No Effect No Effect

g. Community Growth No Effect No Effect No Effect No Effect

h. Emergency Preparedness No Effect No Effect No Effect No Effect

C. PLAN EVALUATION
1.. Relationship to Planning
Objectives
a. Fish and Wildlife Habitat Increase increase by Increase by 6,746 | Increase by
Restoration 3,140 AHUV 1,690 AHUV AHUV 4,650 AHUV
b. Waterfowl Habitat No Effect Increase by Increase by Increase by
Restoration 1,590,800 8,715,800 WUD 1,590,800 WUD
wuD
2. Net Beneficial and Adverse -
Effects (AAE)}
a. Tangible Benefits @ $ 1,249,500 $ 1,179,300 $ 1,683,200 $ 1,467,400
current interest rate
(7.125%)
b. Tangible Costs @ current $ 882,900 $ 1,883,500 $ 2,119,900 $ 1,883,500
interest rate (7.125%)
c. Net Benefits $ 366,600 $ (704,200) $ (436,700) ${416,100)
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REELFOOT LAKE FEASIBILITY STUDY

TABLE 26 (Cont’d)

SYSTEM OF ACCOUNTS

ACCOUNT PLAN 4A PLAN 4B PLAN 4C
A. PLAN DESCRIPTION Alternative Spillway, | Alternative Spillway, | Alternative Spillway,
Circulation Circulation Circulation

Channels, sediment
basin, Shelby Lake,
existing water level

Channels, sediment
basin, Shelby Lake,
dynamic water level

Channels, sediment
basin, Shelby Lake,
periodic drawdown

Current Interest Rate
{7.125%)

management fluctuation with
drawdown
B. SIGNIFICANT IMPACTS
1. National Economic

Development
a. First Cost {1 Oct 98 P.L.) $ 26,459,000 $ 28,729,000 $ 26,459,000
b. OMRR&R $ 162,900 $ 162,900 $ 162,800
c. Annual Costs (AAE) @ $ 2,326,800 $ 2,663,200 $ 2,326,800

Current Interest Rate

{7.125%)
d. Annual Benefits (AAE) @ $ 1,317,700 $ 1,821,600 $ 1,605,800

2. Environmental Quality

a. Biological Resources

1. Wildlife Habitat
a. Terrestrial

Increase 1,050

Increase 1,290

Increase 1,050

hardwoods and
forested swamps.

hardwoods and i
forested swamps.

AHUV AHUV AHUV
b. Aquatic Increase 1,344 Increase 6,160 Increase 4,304
AHUV AHUV AHUV
c. Waterfowl Increase 4,045,800 Increase Increase 4,045,800
wWubD 11,170,800 WUD WUD
2. Aquatic Resources Increase Significant Increase Significant Increase
3. Threatened or improve Improve Improve
Endangered Species
4. Fisheries Increase Significant Significant
improvement improvement
b. Air Quality No Change No Change No Change
expected expected | expected
c. Water Quality Significant Significant © Significant
Improvement improvement ! lmprovement
d. Wooded Land Increase in Increase in Increase in
bottomiand bottomland | bottomland

hardwoods and

! forested swamps.

e. Agricultural Land

Acquisition of
farmland required.

Acquisition of
farmland required.

Acquisition of
farmland required.

f. Wetlands

Increase in
bottomland
hardwoods and
forested swamps.

increase in
bottomiand
hardwoods and
forested swamps.

increase in

;. bottomland
i hardwoods and
i forested swamps.

1‘ a. Net Income (AAE) @
; current interest rate
(7.125%)
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. ) . No impacts No impacts No impacts
9. Historic Properties expected. expected. expected.
3. Regional Economic
Development o e
$ (1,009,100} | $ {741,600) $ {721,000)




ACCOUNT

TABLE 26 (Cont’d)
REELFOOT LAKE FEASIBILITY STUDY
SYSTEM OF ACCOUNTS

PLAN 4A

PLAN 4B

PLAN 4C

b. Employment

Temporary increase
in construction
employment.

Temporary increase
in construction
employment.

Temporary increase
in construction
employment.

¢. Regional Growth

increase

Increase

Increase

d. Local Government
Finance

No substantial
effect.

No substantial
effect.

No substantial
effect.

4. Other Soclal Effects

M a. Noise Temporary increase Temporary increase Temporary increase
during construction. during construction. during construction.
b. Esthetics No Effect Reduced during Reduced during

periodic drawdown

periodic drawdown

c. Health, Safety, and
Security of Life

Increased Effect
from new bridge

increased Effect
from new bridge

Increased Effect
from new bridge

d. Public Facilities and increase increase Increase
Services

e. Displacement of People Possible Possible Possible

f. Community Cohesion No Effect No Effect No Effect

g. Community Growth No Effect No Effect No Effect

h. Emergency Preparedness No Effect No Effect No Effect

C. PLAN EVALUATION

Obijectives

1. Relationship to Planning

a. Fish and Wildlife Habitat

Increase by 2,394

increase by 7,450

|

Increase by 5,354

Restoration AHUV AHUV AHUV
b. Waterfowl Habitat Increase by Increase by Increase by
Restoration 4,045,800 WUD 11,170,800 WUD 4,045,800 WUD

Effects (AAE)

2. Net Beneficial and Adverse

|

— T T T T 1 1TT17TT |

!
a. Tangible Benefits @ $ 1,317,700 $ 1,821,600 $ 1,605,800 \
current interest rate |

(7.125%) :

! —

b. Tangible Costs @ current $ 2,326,800 $ 2,563,200 $ 2,326,800 l
interest rate (7.125%) ".

é ¢. Net Benefits $ (1,009,100} $ (741,600) $ (721,000) |
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TABLE 26 (Cont’d)
REELFOOT LAKE FEASIBILITY STUDY
SYSTEM OF ACCOUNTS

ACCOUNT PLAN SA PLAN 5B PLAN 5C
A. PLAN DESCRIPTION Alternative Spillway, | Alternative Spillway, | Alternative Spillway,
Circulation Circulation Circulation

Channels, sediment
basin, Shelby Lake,
Lake Isom, existing

Channels, sediment
basin, Shelby Lake,
Lake Isom, dynamic

Channels, sediment
basin, Shelby Lake,
Lake Isom, periodic

water level water level drawdown
management fluctuation with
drawdown
B. SIGNIFICANT IMPACTS
1. National Economic

Development

a. First Cost (1 Oct 98 P.L.) $ 27,802,000 $ 30,072,000 $ 27,802,000

b. OMRR&R $ 189,200 $ 189,200 $ 189,200

¢. Annual Costs (AAE) @
Current Interest Rate
(7.125%)

$ 2,466,100

$ 2,702,500

$ 2,466,100

d. Annual Benefits (AAE) @
Current Interest Rate
{7.125%)

$ 1,340,000

$ 1,843,900

$ 1,628,100

2. Environmental Quality

a. Biological Resources

1. Wildlife Habitat
a. Terrestrial

Increase 1,229

Increase 1,469

Increase 1,229

AHUV AHUV AHUV
b. Aquatic Increase 1,454 Increase 6,270 Increase 4,414
AHUV AHUV AHUV
¢. Waterfowl Increase 6,272,000 increase Increase 6,272,000
wuD 13,397,000 WUD wuD
2. Aquatic Resources Increase Significant Increase Significant Increase
3. Threatened or Improv Improve Improve
Endangered Species prove
4. Fisheries Increase Significant Significant
Impraovement Improvement
b. Air Quality No Change No Change No Change
expected expected expected
c. Water Quality Significant Significant Significant
Improvement Improvement Improvement
Increase in increase in Increase in
d. Wooded Land bottomland bottomiand bottomiand

hardwoods and
forested swamps.

hardwoods and
forested swamps.

hardwoods and
forested swamps.

e. Agricuitural Land

Acquisition of
farmiand required.

Acquisition of
farmiand required.

Acquisition of
farmland required.

f. Wetlands

Increase in
bottomiand
hardwoods and
forested swamps.

Increase in
bottomiand
hardwoods and
forested swamps.

Increase in
battomland
hardwoods and
forested swamps.

) . . No impacts No impacts No impacts
9. Historic Properties expected. expected. expected.
3. Regional Economic
Development ;
a. Net Income (AAE) @ $ (858,600) | $ (838.000)

current interest rate
{7.125%)

$ (1,126,100}
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REELFOOT LAKE FEASIBILITY STUDY

ACCOUNT

TABLE 26 (Cont’d)

SYSTEM OF ACCOUNTS

PLAN 5A

PLAN 5B

PLAN 5C

b. Employment

Temporary increase
in construction
employment.

Temporary increase
in construction
employment.

Temporary increase
in construction
employment.

c. Regional Growth

Increase

Increase

Increase

d. Local Government
Finance

No substantial
effect.

No substantial
effect.

No substantial
effect.

4, Other Social Effects

a. Noise Temporary increase Temporary increase Temporary increase
during construction. during construction. during construction.
b. Esthetics No Effect Reduced during Reduced during

periodic drawdown

periodic drawdown

" ¢. Health, Safety, and
Security of Life

Increased Effect
from new bridge

Increased Effect
from new bridge

increased Effect
from new bridge

d. Public Facilities and Increase Increase Increase
Services
- e. Displacement of People Possible Possible Possible
f. Community Cohesion No Effect No Effect No Effect
g. Community Growth No Effect No Effect No Effect
h. Emergency Preparedness No Effect No Effect No Effect

C. PLAN EVALUATION

1. Relationship to Planning
Objectives

a. Fish and Wildlife Habitat
Restoration

Increase by 2,683
AHUV

Increase by 7,739
AHUV

Increase by 5,643
AHUV

b. Waterfowl Habitat
Restoration

Increase by
6,272,000 WUD

Increase by
13,397,000 WUD

Increase by
6,272,000 WUD

2. Net Beneficial and Adverse
Effects (AAE)

a. Tangible Benefits @ $ 1,340,000 $ 1,843,900 $ 1,628,100
current interest rate
(7.125%)

b. Tangible Costs @ current $ 2,466,100 $ 2,702,500 $ 2,466,100
interest rate (7.125%)

c. Net Benefits $ (1,126,100} $ (858,600) $ (838,000) !




Table 27
Alternative Plans Comparison Matrix
Problem 1: | Problem 2: | Problem 3: | Problem4: | Opportunity 1: | Opportunity 2: | Opportunity 3:
Loss of Declining Loss of Reduced Protect and Improve Increase
Plan Aquatic Water Waterfowl | Water Level Restore Recreational Business
Habitat Quality Habitat | Management Nationally Opportunities Opportunities
Capability Significant
Resources

FWOP | NO NO NO NO NO NO NO
la YES NO NO NO NO NO NO
2a YES YES NO NO NO NO NO
2b YES YES YES YES NO YES YES
2c YES YES NO YES NO NO NO
3a YES YES YES NO NO NO NO
3b YES YES YES YES NO YES YES
3c YES YES YES YES NO NO NO
4a YES YES YES NO YES NO NO
4b YES YES YES YES YES YES YES
4c YES YES YES YES YES NO NO
Sa YES YES YES YES YES NO NO
5b YES YES YES YES YES YES YES
5¢c YES YES YES YES YES NO NO

Selection of Initially Recommended Plan

Selection of the initially recommended plan was based on the analysis of the
alternative plans to determine which plan most effectively and efficiently addressed the
problems and opportunities identified in the study (Table 27). The primary benefits
considered in selecting the initially recommended plan were the net environmental benefits
generated by implementation of the various features included in the plans. The economic
benefits calculated are secondary to the environmental outputs, in that, the primary purpose
of the project is environmental restoration. For that reason, the benefit to cost ratio
calculated for the economic benefits was not used as a primary determining factor for
selecting the recommended plan. Another important factor considered in the initial selection
was real estate requirements. All alternative plans which include seasonally raising the
water elevation in Reelfoot Lake required acquisition of real estate interests in both
Tennessee and Kentucky. Other features evaluated including the Alternative Spiliway,
Reelfoot Creek Sediment Basin and Shelby Lake Restoration require acquisition of
significant real estate interests.



After a complete evaluation of the completeness, effectiveness, and efficiency of the
alternative plans along with the evaluation of the environmental and economic impacts, both
positive and negative, plan 5b was initially selected as the best plan. This plan provides the
highest levels of environmental benefits which would help restore, enhance and preserve the
Nationally Significant environment in the Reelfoot Lake area. Negative environmental
impacts of this plan, expected from construction activities, were minimal and greatly offset
by the positive environmental effects of the project.

Refinement of Recommended Plan

During the public review of the draft feasibility report and draft environmental
impact statement (DEIS), strong opposition to the water level management aspects of the
initially recommended plan were presented. " Through additional coordination with the
various local, state, and Federal interests, the plan proposed in the draft feasibility report and
DEIS was refined. The refined recommended plan addresses the primary concerns
expressed (concerns about water level management of Reelfoot Lake) while providing
environmental benefits. The initially recommended plan had a higher cost (due to the
requirement for flowage easements around Reelfoot Lake in both Tennessee and Kentucky)
and greater aquatic and waterfow] benefits. However, the initially recommended plan was
deemed unimplementable due to the nature and extent of opposition to the proposed water
level management of Reelfoot Lake. While the refined recommended plan has a reduced
cost and reduced environmental benefits, it provides additional benefits to agriculture
through lowering the lake in the spring to elevation 282.7 by March 15. The refined plan
addresses the wide range of concerns to a drawdown of Reelfoot Lake by phasing in the
drawdown. Initially, a three foot drawdown will be conducted. This would lower the lake
to a level similar to that experienced in 1985. Likewise, the lake level has historically
dropped by three feet. Following the initial drawdown, additional drawdowns will be
scheduled on an as needed basis every five to ten years and may be extended up to a 4 foot
drawdown.

Table 28 presents a comparison of the initially recommended plan from the draft
feasibility report and DEIS and the current, refined recommended plan. Both plans call for
construction of five features previously presented: (1) Alternative spillway and associated
bridge, inlet and outlet channel, and closure of the existing spillway; (2) Circulation
channels within Reelfoot Lake; (3) A sediment retention basin on Reelfoot Creek; )]
Construction of Shelby Lake and waterfowl management areas around Shelby Lake; and (5)
Improvements at the Lake Isom National Wildlife Refuge (NWR), including raising the
carthen dam embankment and emergency spillway and replacing the existing outlet
structure. Likewise, both plans include changes in water level management at the Lake
Isom NWR. The current and proposed water level management of Lake Isom is outlined in
Table 29. Differences in the two plans include the benefits realized, the costs involved, and
the proposed water level management changes for Reelfoot Lake. Table 30 presents a
comparison of the existing operation schedule for water level management of Reelfoot
Lake. the draft recommended operation schedule, and the final recommended operation
schedule for water level management of Reelfoot Lake.
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Table 28

Comparison of Initial and Refined Recommended Plans

Initial Plan Refined Plan

Features (Draft Report) (Current)
New spillway Included Included
Circulation Channels Included Included
Sediment Retention Basin Included Included
Shelby Lake and waterfowl Included Included
areas
Lake Isom improvements Included Included
Changes in water level Included (see Table 29) Included (see Table 29)
management at Lake Isom
NWR
Seasonal flowage easements 104.7 acres 104.7 acres
in vicinity of Lake Isom
Changes in water level Included (see Table 30) Included (see Table 30)
management of Reelfoot
Lake
Seasonal flowage easements Included None
around Reelfoot Lake in TN
and KY
First Cost (1 Oct 98 P.L.) $30.0 million $27.8 million
Fully Funded Cost $35.3 million $32.6 million
OMRR&R $189,200 $189,200
Annual Costs (AAE) @ $2.7 million $2.5 million
Current Interest Rate
(7.125%)
Terrestrial Benefits 1,469 AHUV 1,469 AHUV
Aquatic Benefits 6,270 AHUV 4,414 AHUV
Waterfowl Benefits 13,397,000 WUD 6,272,000 WUD
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Table 29
Lake Isom Water Level Management

Proposed Yearly Schedule

Existing Yearly Schedule (Initially and Refined)
Oct15-Nov 1 Oct15-Nov 1
Raise Lake Isom from elevation Raise Lake Isom from elevation
279.0to 280.5 279.0to 282.0
Nov1-Marl Nov 1-Marl
Maintain elevation 280.5 Maintain elevation 282.0
Mar 1 - Mar 15 Mar 1 - Mar 15
Lower Lake Isom from elevation Lower Lake Isom from elevation
280.5 10 279.0 282.0t0 279.0
Mar 15-0Oct 15 Mar 15-0Oct 15
Maintain elevation 279.0 Maintain elevation 279.0
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Table 30
Reelfoot Lake

Water Level Management

Existing Operation Draft Recommended Final Recommended
Schedule Operation Schedule Operation Schedule
Yearly: Yearly: Yearly:

Nov 15- Apr 15 Nov 15 - Apr 15 Nov 15-Marl
Fluctuate up Fluctuate Fluctuate up
to elevation between to elevation
283.2 elevations - 2832

282.2 and
283.5

Apr 16 - Nov 14 Apr 16 - Nov 14 Mar 1 -Mar 15
Fluctuate up Fluctuate Lower lake to
to elevation between elevation
282.7 elevations 282.7

282.2 and
283.0
Mar 15-Jull
Hold lake at
elevation
282.7
Jul1-Nov 15
Fluctuate up
to elevation
282.7

Every 5 to 10 years:

Every 5 to 10 years:

Lower lake to Lower lake to
elevation 278.2 from drawdown elevation
Junl-Jul 15 fromJunt-Jul 15
Hold lake at Hold lake at

elevation 278.2 from
Jul15-Nov 15

drawdown elevation
from Jul 15-Nov 15

Refill lake to Refill lake up to
elevation 283.3 from elevation 283.2 from
Nov 16 -Jun 1 Nov 16 - Mar 1
Drop back to yearly Drop back to yearly

schedule on Jun 2

schedule on Mar 1

Initial drawdown of 3'.
Future drawdowns at up to 4'
as needed
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Partnering Opportunities

Future Operation and Maintenance (O & M) responsibilities in most cases will rest
with the official project sponsor, TWRA with the exception of the Lake Isom
improvements. However, due to the close interrelationship between TWRA, USFWS,
NRCS, COE, TDOT, and TDEC; shared responsibilities must be described in detail as the
PCA, operating manuals, and specific management plans are developed. The two features
that will require complex interagency agreements are the alternative spillway (with inlet and
outlet channels) and the sediment basin. In addition to the PCA and other documents
described above; O & M responsibilities must be clearly addressed in the TWRA Fifty Year
Management Plan and their annual management plans, the refuge management plans
(FWS), and the state park plan of operation. Also, the lease agreement between the USFWS
and the TWRA will expire in the year 2016 and all parties agree that the lease must be
amended to include the new spillway and the new sediment basin.

FINANCIAL ANALYSIS

The State of Tennessee, acting through the Tennessee Wildlife Resources
Agency, is willing and financially capable to share in the construction and operation and
maintenance of the project according to the terms of the draft Project Cooperation
Agreement. A letter of intent from the non-Federal sponsor is included after the
"Recommendations” section of this report. '

LOCAL COOPERATION AND COST SHARING

In accordance with the Water Resources Development Act of 1996 (WRDA
1996), ecosystem restoration projects are cost shared 65 percent Federal and 35 percent
non-Federal. Included in the 35 percent non-Federal cost are all lands, easements, rights
of way, relocations, and dredged material disposal areas (LERRDs). No minimum cash
requirement from the non-Federal cost sharing partner is required. However, if the
LERRDs do not equal 35 percent of the total project costs, the non-Federal cost sharing
partner is required to pay an amount in cash that will bring the non-Federal contributions
to 35 percent of the total project costs. Upon completion of construction, the non-Federal
cost sharing partner assumes 100 percent of the costs associated with operation and
maintenance, repair, replacement, and rehabilitation (OMRR&R) of the project.

Cultural resources mitigation costs are a 100 percent Federal cost up to an amount
equal to one percent of the total project cost. If cultural resources mitigation costs are
estimated to exceed one percent of the total project cost, that amount above one percent
of total project costs must be approved by Congress and is cost shared with the non-




Federal cost sharing partner at the rate of the remainder of the project (35 percent non-
Federal).

Improvements on Federal refuges, such as those presented in this report for the
Lake Isom National Wildlife Refuge, have a 100 percent Federal first cost. In the event
that improvements were to result in operation and maintenance (O&M) costs beyond that
currently experienced, then such incremental increase would be at 75% Federal cost /
25% non-Federal cost. In this case, there is no -such incremental increase because the
improvements will necessitate no O&M over that currently borne by the U.S. Fish and
Wildlife Service.

The non-Federal local cooperation requirements are further outlined as follows:

(1) Provide 35 percent of the separable project costs allocated to
environmental restoration as further specified below:

(a) Enter into an agreement which provides, prior to execution of a
project cooperation agreement, 25 percent of project design costs;

(b) Provide, during construction, any additional funds needed to cover
the non-federal share of project design costs;

(c) Provide all lands, easements, and rights-of-way, including suitable
borrow and dredged or excavated material disposal areas, and perform or assure the
performance of all relocations determined by the Government to be necessary for the
construction, operation, and maintenance of the project;

(d) Provide or pay to the Government the cost of providing all retaining
dikes, wasteweirs, bulkheads, and embankments, including all monitoring features
and stilling basins, that may be required at any dredged or excavated material disposal
areas required for the construction, operation, and maintenance of the project; and

(e) Provide, during construction, any additional funds as necessary to
make its total contribution equal to 35 percent of the separable project costs allocated
to environmental restoration.

(2) For so long as the project remains authorized, operate, maintain, repair,
replace, and rehabilitate the completed project, or functional portion of the project, at
no cost to the Government, in accordance with applicable Federal and State laws and
any specific directions prescribed by the Government.

(3) Give the Government a right to enter, at reasonable times and in a
reasonable manner, upon land which the local sponsor owns or controls for access to
the project for the purpose of inspection, and, if necessary, for the purpose of
completing, operating, maintaining, repairing, replacing, or rehabilitating the project.
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(4) Assume responsibility for operating, maintaining, replacing, repairing,
and rehabilitating (OMRR&R) the project or completed functional portions of the
project, including mitigation features without cost to the Government, in a manner
compatible with the project's authorized purpose and in accordance with applicable
Federal and State laws and specific directions prescribed by the Government in the
OMRR&R manual and any subsequent amendments thereto.

(5) Comply with Section 221 of Public Law 91-611, Flood Control Act of
1970, as amended, and Section 103 of the Water Resources Development Act of
1986, Public Law 99-662, as amended, which provides that the Secretary of the Army
shall not commence the construction of any water resources project or separable
element thereof, until the non-Federal sponsor has entered into a written agreement to
furnish its required cooperation for the project or separable element.

(6) Hold and save the Government free from all damages arising from the
construction or operation and maintenance of the Project and any Project-related
 betterments, except for damages due to the fault or negligence of the Government or
the Government's contractors. The phrase "operations and maintenance" includes
repair, replacement and rehabilitation.

(7) Keep and maintain books, records, documents, and other evidence
pertaining to costs and expenses incurred pursuant to the project to the extent and in
such detail as will properly reflect total project costs.

(8) Perform, or cause to be performed, any investigations for hazardous
substances that are determined necessary to identify the existence and extent of any
hazardous substances regulated under the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), 42 U.S.C. 9601-9675, that may exist in,
on, or under lands, easements or rights-of-way necessary for the construction,
operation, and maintenance of the project; except that the non-Federal sponsor shall
not perform such investigations on lands, easements, or rights-of-way that the
Government determines to be subject to the navigation servitude without prior
specific written direction by the Government.

(9) Assume complete financial responsibility for all necessary cleanup and
response costs of any CERCLA regulated materials located in, on, or under lands,
casements, or rights-of-way that the Government determines necessary for the
‘construction, operation, or maintenance of the project.

(10) To the maximum extent practicable, operate, maintain, repair, replace,
and rehabilitate the project in a manner that will not cause liability to arise under
CERCLA.

(11) Prevent future encroachments on project lands, easements, and N
rights-of-way which might interfere with the proper functioning of the project.
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(12) Comply with the applicable provisions of the Uniform Relocation
Assistance and Real Property Acquisition Policies Act of 1970, Public law 91-646, as
amended by title IV of the Surface Transportation and Uniform Relocation Assistance
Act of 1987 (Public Law 100-17), and the Uniform Regulations contained in 49 CFR
part 24, in acquiring lands, easements, and rights-of-way, and performing relocations
for construction, operation, and maintenance of the project, and inform all affected
persons of applicable benefits, policies, and procedures in connection with said act.

(13) Comply with all applicable Federal and State laws and regulations,
including Section 601 of the Civil Rights Act of 1964, Public Law 88-352, and
Department of Defense Directive 5500.11 issued pursuant thereto, as well as Army
Regulation 600-7, entitled "Nondiscrimination on the Basis of Handicap in Programs
and Activities Assisted or Conducted by the Department of the Army".

(14) Provide 35 percent of that portion of total cultural resource preservation
mitigation and data recovery costs attributable to environmental restoration that are in
excess of one percent of the total amount authorized to be appropriated for
environmental restoration.

(15) Do not use Federal funds to meet the non-Federal sponsor's share of total
project costs unless the Federal granting agency verifies in writing that the
expenditure of such funds is authorized.

Nothing herein shall constitute, or be deemed to constitute, an obligation of
future appropriations by the General Assembly of the State of Tennessee when such
obligation would be inconsistent with the State's constitutional or statutory limitations.

Cost Apportionment

A summary of fully funded non-Federal and Federal costs, by year, is presented in
Tables 31 through 35. Table 31presents the cost summary for full implementation of the
recommended plan. The total fully funded cost for construction is estimated to be
$32,597,000. Non-Federal costs are estimated to be $10,744,000, including $260,000 for
Planning, Engineering and Design (PED) and $10,484,000 for lands, easements, rights of
way, relocations, and dredged material disposal areas (LERR&Ds). Federal costs are
estimated to be $21,853,000 of which $1,434,000 is for LERR&Ds (due to the cost of
LERR&Ds exceeding the non-Federal share of Project costs), $357,000 is for cultural
resources mitigation, and $20,062,000 is for PED and construction costs. The non-
Federal cost sharing partner (State of Tennessee) will be required to assume the total
annual operation, maintenance, repair, replacement, and rehabilitation costs (estimated at
$162,900) for all features except for the improvements at Lake Isom National Wildlife
Refuge, which will be borne by the U.S. Fish and Wildlife Service.

Implementaﬁon of this project is currently estimated to be completed in phases.

Tables 32 through 34 break out the associated cost sharing taking into account the phased
implementation. The first phase consists of the alternative spillway and circulation
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channels (Table 32). Phase two is the sediment retention basin on Reelfoot Creek (Table
33). Phase three consists of construction of Shelby Lake and the waterfowl management
units around Shelby Lake (Table 34). Implementation of the improvements at Lake Isom
National Wildlife Refuge (NWR) are listed in Table 35. Improvements on Federal
refuges, such as those presented in this report for the Lake Isom National Wildlife
Refuge, have a 100 percent Federal first cost. In the event that improvements were to
result in operation and maintenance (O&M) costs beyond that currently experienced, then
such incremental increase would be at 75% Federal cost / 25% non-Federal cost. In this
case, there is no such incremental increase because the improvements will necessitate no
O&M over that currently borne by the U.S. Fish and Wildlife Service.

CONCLUSIONS

This Feasibility Report is a summary of the results of the study performed by the
Memphis District, U.S. Army Corps of Engineers for the Reelfoot Lake, Tennessee and
Kentucky project. The documentation in the report includes data, analyses, and
engineering designs produced by the multi-disciplinary study team to address the
problems and opportunities identified in the Reelfoot Lake study area. The studies and
evaluations were performed in coordination with the sponsor and other State and Federal
agencies in accord with current guidance for environmental restoration projects.

The findings of this study, along with those of the previously certified
Reconnaissance Report, clearly indicate that the ecosystem complex that existed at and
around Reelfoot Lake has changed significantly since the construction of the Mississippi
River levees by the Corps of Engineers. The construction of these levees, while
enormously benefiting the public in many ways, has effected the natural hydraulic regime
of the lake. Seasonal flooding on the Mississippi River, which occurred frequently, no
longer reaches Reelfoot Lake. This change has cut off Reelfoot Lake’s natural source for
periodic recharge and replenishment.

Implementation of the recommended plan will improve both terrestrial and
aquatic habitat in and around Reelfoot Lake, provide additional habitat for waterfowl, and
create economic benefits in the Reelfoot Lake area. This project will help to return the
lake to a more natural and historic condition. Possibly, the most important factor,
however, is that this project will help to preserve and protect this nationally significant
environmental resource for future generations.
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RECOMMENDATIONS

I recommend that the selected plan for environmental restoration at Reelfoot
Lake, Tennessee and Kentucky, described herein, be authorized for implementation as a
Federal project, with such modifications thereof as in the discretion of the Commander,
HQUSACE may be advisable, in accordance with cost-sharing and financing
arrangements satisfactory to the President and the Congress. Included in the selected
plan is an operation schedule for water level management of Reelfoot Lake presented in
Table 30 under the column "final recommended operation schedule”. The plan's first cost
(1 October 1998 P.L.) is presently estimated to be $27,802,000, and the annual operation,
maintenance, and replacement costs are estimated to be $189,200. The fully funded cost,
and a breakout of Federal and non-Federal costs are presented in Table 31. This
recommendation is made with the provision that, the exact amount of non-Federal
contributions shall be in accordance with the current cost sharing policies for
environmental restoration projects. Furthermore, prior to implementation, the non-
Federal sponsor shall agree to perform the required items of cooperation outlined under
the heading "Local Cooperation and Cost Sharing". '

These recommendations contained herein reflect the information available at this
time and current Departmental policies governing formulation of individual projects.
They do not reflect program and budgeting priorities inherent in the formulation of a
national Civil Works construction program nor the perspective of higher review levels
within the Executive Branch. Consequently, the recommendations may be modified
before they are transmitted to the Congress as proposals for implementation funding.
However, prior to transmittal to the Congress, the sponsor, the States, interested Federal
agencies, and other parties will be advised of any modifications and will be afforded an
opportunity to comment further.

Wl

Daniel W. Krueger
" Colonel, Corps of Engineers
District Engineer
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Non-Federal Sponsor's
Letter of Intent




TENNESSEE WILDLIFE RESOURCES AGENCY

ELLINGTON AGRICULTURAL CENTER

P. 0. BOX 40747 VN

NASHVILLE, TENNESSEE 37204

(615)781-8610 FAX: (615)781-6654

e 7l =l Ol e

~September 30, 1999

Coloncl Daniel W. Krueger

District Engineer

U. S. Army Engineer District, Memphis

167 North Main Street, B-202
Memphis, TN 38103-18%4

Dear Colonei Krueger:

The State of Tennessee, acting through the Tennessee Wildlife Resources Agency (TWRA), will
act as the non-Federal sponsor of the Reelfoot Lake, Tennessee & Kentucky Project, and will be capable
of meeting the cost-sharing obligations required, if appropriate legislative appropriations are made,
proper approvals the Tennessee Wildlife Resources Commission (TWRC) are forthcoming, and any other
governmental constraints are overcome. We are prepared to negotiate and sign a PED cost sharing
agreement for the preparation of designs, plans and specifications for the first item of construction (a new
spillway, inlet and outlet channel, and closure of the existing spillway at Reclfoot Lake).

With regard to our financial capability, the State of Tennessee would be the cost sharing partner
~ for a project at Reelfoot Lake, and would provide a significant portion of the estimated $10.744 million
non-Federal share of project costs. All State of Tennessee funding for this project would be subject to
the availability of funds, and o the appropriate and necessary approval(s) of the governing bodies.
Potential funding sources may include any or all of the following:

1. The $6 million annual wetland acquisition fund, provided there are willing sellers of land
required for the project, and subject to TWRC approval;

2. Use of state highway funds;
3. General appropriations, pending approval by the Tennessee General Assembly
4. TWRA funds, pending TWRC approval.

The funds if available and approved should be more than sufficient to fund the non-Federal
‘obligations presented in Table 1 (provided by the Memphis District Corps of Engineers and taken from
the Feasibility Report).

The State of Tennessee

AN ECUAL OPPORTUNITY EMPLOYER
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Colonel Daniel W. Krueger September 30, 1999
Page 2

Table 1
Summary of Non-Federal Construction Costs
Reelfoot Lake, TN & KY Project
(Fully Funded Costs, Including Estimates for Inflation)
Costs in Thousands of Dollars

Fiscal Year Cash Required LERRD Total
2000 $260 | $0 $260
2001 30 $1,766 $1,766
2002 $0 $3,144 $3,144
2003 $0 $5,222 $5,222
2004 $0 $352 $352
Total $260 $10,484 $10,744

The TWRA understands its obligation to operate and maintain this project after its completion.
The TWRA anticipates operating and maintaining the project using TWRA personnel and equipment.
Revenues to meet this obligation should come from the Wetlands Acquisition fund and general operating
funds, again subject to governmental constraints and approval. An estimate of the project’s operation,
maintenance, and replacement costs has been furnished by the Memphis District (Table 2). Itis
understood that these costs are based on October 1998 price levels and that they will escalate over the
life of the projest due to inflation. The annual operation and maintenance costs will be covered by the
above annual revenues.

Table 2
Operation, Maintenance, and Replacement Costs
Reelfoot Lake; TN & KY Project
(October 1998 Price Levels)
Costs in Thousands of Dollars

Item Average Annusl! Cost

Spillway 18.3
Sediment Basin 1022
Circulation Channels 1.7
Shelby Lake Feature 40.7




Colonel Daniel W. Krueger September 30, 1999 P
Page 3 :

In agrecing to move forward with this project, we are re-affirming our support for the completion
of the full project. However, we also need to stress that TWRC suppont for the project is subject to a
timely drawdown of Reelfoot Lake.

If you have any questions, please don’t hesitate to contact Greg Wathen, Special Assistant to the
Director, at (615)781-6610.
Sincerely,

Tennessee Wildlife Resources Agency

Gary T. Myers
Exccutive Director

GTM/ve:




FINAL ENVIRONMENTAL IMPACT STATEMENT

The responsible lead agency is the Memphis Dlstnct Corps of Engmeers The project sponsor is the

Tennessee Wlldhfe Resources Agency (TWRA).
ABSTRACT:

The Reelfoot Lake project area is located in northwestern Tennessee and southwestern Kentucky and
-includes significant portions of Lake and Obion counties in Tennessee and a small portion of Fulton
County, Kentucky. The Memphis District, the U. S. Fish and Wildlife Service, the Tennessee
Department of Environment and Conservation, and the Natural Resources Conservation Service, as
cooperating agencies, have investigated fish and wildlife resources, recreation, and environmental
protection/restoration measures that could potentially be implemented within the project area.
Thirteen alternative plans were investigated in detail and are presented as the final array of
 alternatives. The water level management alternatives (except the No Action alternative) will provide
terrestrial and aquatic restoration benefits associated with the dynamic water level fluctuation and
a major periodic drawdown. In addition, the proposed features (Alternate Spillway, Sediment Dam,
Lake Isom and Shelby Lake Restoration, the Waterfowl Management Area) will reduce sediment
inflow, restore wetlands, and provide additional waterfowl habitat. Direct construction impacts to
woodlands and wetlands will be minor (approximately 40 acres)-and-will be more than offset by
habitat gained by each feature. This final environmental impact statement evaluates the effects each
plan has on the study areas significant resources. The recommended plan provides water level
. management, a petiodic drawdown, a sediment dam, new spillway, circulation channels, Lake Isom
and Shelby Lake Restoration, and waterfowl management areas. The estlmated first cost (1 October
1998 P.L.) of the recommended plan is $27,802, 000

NOTE: Informatlon, displays, maps, etc., dxscussed in the Mam Report and appendxces are
incorporated by reference in the Final Environmental Impact Statement.
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SUMMARY

‘Major Conclusions and Findings

The study area is located east of the Mississippi River about 120 miles north of Memphis,
Tennessee and 6 miles east of Tiptonville, Tennessee, in Lake and Obion Counties, Tennessee and
Fulton County, Kentucky. Reelfoot Lake, formed by the earthquakes of 1811-1812, covers
approximately 15,500 acres at the normal pool elevation of 282.2 NGVD in Tennessee and
Kentucky. Reelfoot Lake is a nationally significant and unique natural resource. It is the largest
natural freshwater lake in Tennessee and one of the largest in the country. The lake provides nesting
and feeding habitat for the Bald Eagle, a threatened species, while providing one of the most highly
productive fisheries in the area. Also, Reelfoot Lake is located within the Mississippi Flyway and
. is widely used by waterfowl. The North American Waterfow! Management Plan (NAWMP), an
international treaty between the U.S., Canada, and Mexico, has identified the Lower Mississippi
River Delta as a “priority habitat range.” Reelfoot Lake was also identified as a “key area” for
waterfow! in the Lower Mississippi Valley Joint Venture, which is under the auspices of the
NAWMP.

 Flood control and drainage improvements in the basin have dramatically impacted the quality
of fish and wildlife habitat. Construction of the Mississippi River levees stopped the almost annual
recharge of the lake by overflow from the Mississippi River. Construction of a spillway and
Running Reelfoot Bayou stabilized water level fluctuations of Reelfoot Lake and provided drainage
for surfounding areas. The resulting land clearing and conversion to agriculture practices on lands
surrounding the lake contributed to an unusually high rate of sediment deposition in the lake, which
is reducmg the value of the lake’s aquatic habitat and the lake’s value as a flood attenuation system.

The Feasibility Study examined the potential benefits and costs of various features designed
to restore and protect the environment (both terrestrial and aquatic) in the Reelfoot Lake area. The
selected features, which exhibit the highest levels of environmental benefits, were combined into a
recommended plan. The recommended plan includes construction of an alternative spillway, bridge,
inlet and outlet channels, circulation channels within Reelfoot Lake, a sediment basin on Reelfoot
Creek, restoration of Shelby Lake area and improvements at Lake Isom. The recommended plan
also includes implementation of a water level management plan for Reelfoot Lake which is expected
to improve aquatic habitat value within the lake. Full implementation of the recommended plan is
expected to produce net environmental benefits of 1,469 terrestrial annual habitat unit values
(AHUV’s), 4,414 aquatic AHUV’s, and 6,272,000 waterfow] use days. The estimated first cost of
the recommended plan is $27,802,000 and the estimated average annual cost is $2,466,100.

Corps Civil Works Ecosystem Restoration Guidance, Chapter 4, Section VIII, ER 1105-2-
100 dated 2 October 1997 identifies the restoration of ecosystems or parts thereof, and their
associated ecological resources as a priority project purpose. Priority will be given to restoration
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where a Corps project contributed to the degradation of the ecosystem. The fish and wildlife habitat
resources at Reelfoot Lake are nationally significant and they have greatly declined from modern

historic conditions. Construction of Corps projects (the Mississippi River levees and i improvements

to Running Reelfoot Bayou) contributed in part to the degradation. The degraded resources will not
be restored to a greater level than modern historic conditions. Construction of the features identified,
along with implementation of the recommended water level management plan, is necessary to
prevent the continuing decline’ of thesé natural resources and to protect the public’s investment in

* over 33,000 acres in the Reelfoot Lake area including two national wildlife refuges, a state wildlife

management area, and a state park. Construction of these features would utilize the Corps
interdisciplinary planning, engineering, design, and constructlon expertlse to restore and protect
natlonally s1gmﬁcant ﬁsh and wﬂdhfe habltat

The State of Tennessee actmg through the Tennessee Wlldhfe Resources Agency, has
indicated a willingness to participate, on a cost shared basis, in implementation of the recommended
plan. It has been concluded that the predicted environmental benefits of the recommended plan

-outweigh the estimated costs and therefore, the project is feasible and has Federal interest.

RATIONALE FOR DESIGNATION OF THE RECOMMENDED PLAN

Alternative Plan 5b was criginally chosen as the recommended plan because it meximizes
net environmental benefits. Plan 5b is the same as the “Preferred Alternative” in the 1989 FEIS

“prepared by the FWS. Alternative 5b, which is the most environmentally beneficial plan, would

provide annual net environmental benefits of 7,739 AHUVS and approximately 13,397,000 ~
Waterfowl Use Days (WUDs). Furthermore, this alternative meets the study objectives and satisfies
many of the project areas problems and needs. Plan 5b also provides additional waterfowl habitat,
benefits to lake and stream fisheries, and a variety of wetland restoration benefits. The estimated first
cost of plan 5b is $30,072,000 and the estimated average annual cost is $2,702,500.

During the public review period of the DEIS, strong opposition to the Reelfoot Lake water
level management aspect of plan 5b was presented. After supplemental meetings and discussions,
a revised recommended water level management plan for Reelfoot Lake was developed. This plan
addresses the major concerns of impacts to farming and tourism while providing a stable lake level
during times of fish spawning. The net environmental benefits of the recommended plan are reduced
to 5, 883 AHUV s and approxunately 6, 272 000 WUDs, but is a more 1rnplementable plan.

SECTION 404 FINDINGS

" The project features of the tentative selected plans have been evaluated w1th respect to
Section 404(b)(1) Guidelines for Specifications of Disposal Sites for Dredged or Fijl Material,
published by the U. S. Environmental Protection Agency. These evaluations are included in

“/Appendix A, Section IV. The potential for environmental impact of each disposal activity was

estimated on the basis of currently available engineering design data and the pertinent physical,

chemical, and biological information that have been compiled as a result of this and other studies.
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‘Efforts were made to identify the least environmentally damaging practicai, alternative for each
disposal site, wherever such alternatives were available.

" No particular violations of applicable State of Tennessee watepqnality standards, other than
for turbidity during construction operations were found. Construction methods would be employed

to minimize the possibility of violating the Toxic Effluent Standards of Section 307 of the Clean

Water Act. None of the proposed plans would harm any threatened or endangered species or their
critical habitat. .

It was found that the proposed material discharges would not cause or contribute to
significant adverse effects on human health; the life stages of organisms within the aquatic
ecosystem; or ecosystem diversity, productivity, and stability. Also, no significant impacts were

‘identified on recreational, aesthetic, or economic values, When authorized by congress, this project
will be exempt of any state water quality certification requirements based on Section 404 (b) of the
Water Quality Act. The proposed dredged material disposal sites are found to be in compliance with
the current Section 404 guldehnes

FINDINGS ON EXECUTIVE ORDER 11988, FLOODPLAIN MANAGEMENT

Portlons of the proposed pro_]ect would be constructed mn ﬂoodplams All non-floodplain
alternatives were dropped during screening because they were not economicaily justified. Section

- .6 describes the beneficial and adverse impacts of each alternative in the final array and describes any

expected losses of natural floodplain benefits. Views of the general public have been obtained at
numerous meetings. All alternatives were designed to minimize, to the extent practical, adverse

"impacts to floodplains. The tentative selected plans are responsive to the planning objectives and
consistent with the requirements of Executive Order 11988.

FINDINGS ON EXECUTIVE ORDER 11990, PROTECTION OF WETLANDS

- One of the major project planmng objectlves was to mamtam the long range product1v1ty

- of wetlands and forests. Although efforts were made to minimize impacts to wetlands, there were
no practical alternatives to locating some project features in wetlands. Adverse impacts to wetlands
are discussed in Section 6.The tentative selected plans are responsive to the planning objectives
established for the study; and are also consistent with the requirements of Executive Order 11990.

FINDINGS ON ER 1165-2-132, HAZARDOUS, TOXIC, AND RADIOACTIVE WASTE

Engmeenng Regulation 1165- 2 132 Water Resources Policies and Authormes for

- Hazardous, Toxic, and Radioactive Waste for Civil Works Pro;ects requires the performance of a
- hazardous, toxic, and radioactive waste (HTRW) assessment(s) to determine the potential for
‘encountering any HTRW at or near Corps civil works projects.

EIS-4
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A Phase 1 Assessment was conducted to determine the potential for HTRW occurring within
the project- -affected area. Site inspections (ground and air), aerial photography review, landowner
contact, document research, and coordination with’ appropnate agencies were performed in
‘conducting this assessment. Based on these investigations, it was concluded that it was improbable
that any known HTRW or potential HTRW exists within the project impact zone and that it was
unlikely that any known or potential HTRW would be impacted by project construction or operation.

No additional HTRW investigations are required unless new. information is revealed to indicate
otherwise. The complete HTRW Phase 1 Assessment is contained in Appendix A, Section IX.

Areas of Controversy

The major concerns raised during this study were related to potential economic impacts on
(1) agricultural land, particularly in Kentucky, due to flooding associated with higher lake levels and
(2) recreation businesses that may be affected by a periodic drawdown. Public and private interests
expressed their concerns regarding these matters at numerous meetings. Therefore, it was extremely
important to adequately evaluate and document the environmental and economic impacts associated
with the project.

Unresolved Issues

The areas of controversy listed above still remain as unresolved issues. However, efforts have

been and are currently underway toward seeking resolution. Beth-areas ofimpact.are directly related — .

to implementation of proposed water level management of Reelfoot Lake.- Recreational business.
owners are concerned that a periodic major drawdown, once every five to ten:'years will result in
are directly associated with recreational ﬁshmg It is reasonable to expect that there w111 be some
adverse impacts to recreational fishing. However, it is important to note that a proposed drawdown
would not start until June 1 and the lake would slowly fall until July 15 and the traditional peak
fishing season at Reelfoot Lake is March through May. There is also the theory that a periodic
drawdown will bring supplemental business to the area as sight-seers are drawn to the area. This
issue is addressed in detail i in the economic sectlon of the feasibility report and the Economic
Appendlx

The other major area of concem is that agricultural land, particularly in Kentucky, may experience
“occasional flooding associated with slightly higher managed water levels as identified in Water
Management Alternative 2. Actual ground surveys and GIS mapping prepared as a part of this
feasibility study have identified approximately 600 acres of land that may experience flooding at a
284.0 foot (M.S.L.) lake level. Actual susceptibility to inundation will depend upon bottom
elevations of connecting ditches, the condition of existing culverts, and other on sight conditions.
It is important to note that the current plan of operation (FWS Interim Plan) allows the lake level to
fluctuate up to 282.7' M.S.L. during the crop season (April 16 - November 14) and the proposed
Alternative 2 would allow the lake level to fluctuate up to 283.0' M.S.L. during the same crop
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season. This is only an increase of 0.3 foot. This issue is addressed in detail in the economic andreal

estate sections of the feasibility report and the appendix for each. Restoration benefits. denved from

a plan that does not include additional land acquisition or easements from willing sellers will be the
same as those benefits attributed to Alternative Plan Sc (see Table 24, page 61 of the Feasibility
Report). These benefits also justify federal interest.

- Relatlonshlp of Plans to Environmental Requu'ements

Table 1 indicates the relationship and compliance status of each plan alternative with federal
environmental protection statutes and appropriate executive orders and memoranda._

, TABLE 1-1
RELATIONSHIP OF PLAN STO ENVIRONMENTAL PROTECTION
STATUTES OR OTHER ENVIRONMENTAL REQUIREMENTS
REELF OOT LAKE, TENNESSEE AND KENTUCKY .

See Appendix A Section IV for the 404(b)(1) evaluatlon

Washington level review of the FEIS will bring the project
into full compliance.

Agcncy comments and recommendations are discussed in__
Appendix A, Section VI, Part A, which includes the Fish and
Wildlife Coordination Act Report

e ees

SNa_ngnglihmm_&emangn_AgL PC

Completion of archeological surveys and final coordination, .

with the SHPO will bring full compliance.

R——
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TABLE 1-1 (Cont'd)

RELATIONSHIP OF PLANS TO ENVIRONMENTAL PROTECTION
STATUTES OR OTHER ENVIRONMENTAL REQUIREMENTS
' REELFOOT LAKE, TENNESSEE AND KENTUCKY '

ALL PLANS

9NQMBI_E_Q_LLQnm2nIQLEQh§3LA§L

full compliance.

Signing of the Record of Decision will bring this project into |

PC

10. Farmland Protection Policy Act.

FC

ll_ﬁgn&h;slﬁmtcﬂmmdﬂgp_d_mmm_‘ﬁﬂ.

No requ1rements for Corps pI'OJects s

NA

12. Wild and Scenic River Act.

There are no wild and scenic rivers in the project area.

NA

1. Executive Order 11988, Floodplain Management. FC

FC

PC

FC-In Full Compliance =~
PC - In Partial Compliance
NA -'Not Applicable

‘EIS-7
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3 NEED FOR AND OBJECTIVES OF ACTIONS

; Heavy agncultmal use around Reelfoot Lake has contnbuted excessive amounts of sedunent
~ to the lake. In addition, the lack of periodic flushing, once provided by the Mississippi River and the
inability to adequately manage lake levels have resulted in hypereutrophic conditions that are
seriously threatening the lake. The Congress, Memphis District Corps of Engineers, the Tennessee
Wildlife Resources Agency (project sponsor), and various cooperating agencies are responding to
the need for wetland preservation/restoration, fishery improvement, and restoration of waterfowl
habltat

"‘Pl‘O‘]eCt Authorlty

'Recognizing the concerns of Federal and state agencies, local officials, and individuals; the
Committee on Environment and Public Works of the U. S. Senate passed a Senate Committee
Resolution on 2 August 1984. The Committee on Public Works and Transportation of the U. S.
House of Representatives passed a House Committee Resolution on 8 August 1984. These
resolutions requested the Chief of Engineers to review the report on the Mississippi River and
Tributaries project. . . and other pertinent reports with a view to determining whether any
modifications of the recommendations contained therein are advisable, with particular reference to
the need and feasibility of improvements in the vicinity of Reelfoot Lake, Tennessee, in the interest
of flood control, sediment control, water quality, water supply, fish and wildlife preservation and-
enhancement, recreation, regional development, and allied purposes. -

Public Concerns

‘ The continued degradation of Reelfoot Lake as a unique National Natural Landmark (U. S.
Department of the Interior, National Park Service, 1988) will eventually lead to the loss of an
irreplaceable natural resource. This loss would be felt not only by the environmental community,

recreational users, and public in general, but specifically by scientists and schools at all levels that =~

have been utilizing Reelfoot Lake as an ecological laboratory for years. Long term economic losses
would be devastating to area resorts, stores, bait shops, commercial ﬁshmg, restaurants, and tour
guxde services.

Planmng Ob]ectlves

| NATIONAL OBJECTIVE

The Water Resources Council’s Economzc and Envzronmlﬂntal Prmczples for Water and
Related Land Resources Implementatzon Studzes stat_wthat The ,Federal objectlve of water and
related land resources project planning is to contribute to national economic development consistent
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with protecting the Nation’s environment, pursuant to national environmental statutes, applicable

executive orders, and other Federal planning requirements. Contributions to the national economic

development (NED) objective are achieved by increasing the net value (expressed monetary units)

of the nation’s output of goods and services. Water and related land resource management plans

must develop long-range goals and pnorltles for the study area that are consistent w1th the NED
: objectrve , : - =

PLANNING OBJECTIVES

After determining the existing and future needs of the project area, a set of planning
objectives was established to guide the formulation of alternatives. Planning objectives stem from
the national, state, and local water and related land resource management needs. These objectives
have been developed through problem analysis and a public involvement program and have provided
the basis for formulation of alternatives, impact assessment, and evaluation. The planning objectives
are:

1. Protect restore, and preserve the wetland ecosystems of Reelfoot Lake and Lake Isom
Natlonal Wildlife Refuge.

2. Int‘ens‘i’fy' soil conservation efforts.
3. Restore waterfowl habitat.
4. Restore fish and wildlife habitat.
5. Restore bottomland hardwoods.
6. Maintain long-range productivity of wetlands and forests.
7. Minimize cost and maximiie outputs.
PERFORMANCE CRITERIA
During the past twenty years; numerous research projects have been undertaken concermng
the degradation of Reelfoot Lake. The conclusions, observations, and recommendations of these
various reports have contributed to the formulation of the TWRA Fifty Year Plan for Reelfoot Lake,
the USFWS EIS, and now, this DEIS. As a result, performance criteria has gradually evolved based
upon predicted losses identified in the various reports and those predicted environmental benefits
of each restoration feature. The specific expectations, expressed in terms of tons of sediment, habitat

- unit values (HUVs), waterfowl use days (WUDs), and/or acrefeet of water are identified in each
feature description and in Appendl\: A, Section IL
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'4. ALTERNATIVES f

This section briefly describes the project alternatives retained for further analysis and the
- various project alternatives examined and eliminated during the screening process, and it also’
* summudrizes the potential environmental unpacts associated with each alternative in the final array.
For a more detailed description of plan formulation, the screening process, and the final array of
'~ alternatives, see the pIan formulatlon section of the Mam Report.

Without Condition (No Federal Action)

; Evena cursory evaluatlon of "trends" in and around the study area will readily indicate a

_continued degradation of natural resources in the Reelfoot Lake area. The long term effects of
_ siltation, high turbidity, ponding, poor water quality, and loss of species diversity are still being
experienced. Pollution in the form of agricultural- and. construction-related erosion; pesticide
run-off; sewage and other industrial discharge; and ditching and filling for agricultural, residential,
and industrial encroachment will continue to take their toll. General degradation of the existing
environment will result in lowered biological productivity, decreased biodiversity, and overall losses
. to most plant and animal populatlons Most fish and wildlife species will decrease proportionally
to the loss in quality and quantity of their respectlve habitat. Fish populations will decline with the
encroachment of marsh and scrub/shrub swamp. Raccoons and other furbearers such as minks,
beavers, and muskrats w111 also declme

Features Considered in ,,P;rﬁelim;,ig,ary Anaiysis

Several alternatives were considered in the early stages of the study for fish and wildlife

habitat restoration, recreation, and related purposes. These alternatives included no Corps action and
“structural alternatives. The alternatives that were retained for further study provided the basis for
formulation and evaluation of a comprehensive plan that meets the planning goals and objectives.

- Numerous alternatives were investigated'ih 1988, and those determined to be feasible, or that
appeared to be in the Federal interest, and desired by potential non-Federal sponsors were combined

into three comprehensive plans. The plans were discussed with the TWRA in order to determine .~~~
which fea’ture’s" were still of interest. Several features were eliminated while additional features =~

outlined in the 1989 Reelfoot Joint Venture Project draft report were added for fish and wildlife.
vhabltat restoratlon

I‘LQ_QQ[ps_Ag_ug_m ‘No Corps action was considered as an alternative to structural altermatives

‘-“and provides the without project conditions for evaluation of structural alternatives. Based on
coordination with local interests, the States of Tennessee and Kentucky, and other Federal interests,
it appears likely that changes will be made in water level management at Reelfoot Lake with or
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without Corps action. For the purpose of this study, it was assumed that the existing water
management plan will continue as long as the spillway stoplogs and radial arm gate are functional,
then riprap or other protective measures will be placed at the spillway to extend its life as a weir.

Mgmggy_e_smm The constructlon of an alternatxve splllway would prov1de a safe and
more versatile structure for water level control at Reelfoot Lake in the interest of flood control, fish
and wildlife habitat restoration, and allied purposes. The current spillway is not able to effectively
manage water levels at Reelfoot Lake. A new spillway with a broader range of water management
capabilities is needed to provide seasonal water level fluctuations of the lake.

- Glady Hollow Diversion, Glady Hollow currently flows out of the hills southeast of the

Blue Basin (see Plate 7, Feasibility Report) 'The stream then crosses to the noﬁh of Highway 21 and
to reroute Glady Hollow into an existing ditch which flows south of Shelby Lake into Running
Reelfoot Bayou. The purpose of the proposed diversion was to prevent sediment from Glady Hollow
from entering Blue Basin. On recent field investigations no deposition of sediment from Glady
Hollow appeared to occur around the spillway. '

ﬂg_g_s__ug_h_hlmmgg_s_tam A proposed Harris Ditch Pumpmg Station would consist
“of 3 - 20 cubic feet per second (cfs) pumps for a total station capacity of 60 cfs. The station would

be located on Harris Ditch at the mainline Mississippi River Levee south of Tiptonville (Figure 6).

The purpose for the pumping station is to provide an outlet for Hasris-Ditch during high stages-on -
the Mississippi River. The drainage area served by Harris Ditch includes overflow from Reelfoot
Lake via the Reelfoot Lake Washout located near the southwest corer of the lake and a normal
drainage area of 4450 acres generally located between Reelfoot Lake and the Mississippi River
Levee.

Mmmﬂmnnﬂmd_ﬂammm_ﬂﬂnm The Corps of Engineers is
currently scheduled to replace the culverts under the Mississippi RlVCI‘ levee at Harris Ditch with
three culverts as part of the MR&T maintenance program to provide additional drainage .- In
conjunction with the culvert replacement, TWRA is proposing to divert drainage to the west of the
Washout and into Harris Ditch. Local interests are proposing to clean out Harris Ditch from the
Washout to the main line Mississippi River levee.

e Dredged Circulation Channels, Dredged circulation channels were proposed to connect
the three major basins of the lake (Blue, Buck, and Upper Blue Basin) to each other and the
alternative spillway channel to aid in lake water level management (see Plate 6, Feasibilty Report).

The channels would need to have a bottom elevation of at least 274.2 NGVD to accommodate the

preferred water level management scheme using the alternative spillway (for periodic major
. drawdowns). These channels would provide improved circulation between major pools during
normal lake stages and minimize isolation of major pools in extremely low stages. Additionally,
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under the preferred water level management routine, the channels would aid in the periodic

drawdown of the lake usmg the new sprllway

&MMM&MM& Reelfoot Creek is estimated to provide
approximately 50 percent of the sediment entermg Reelfoot Lake ‘Construction of a ‘sediment
retention basin to prevent continual deposition of sediment into-the lake: would be an effective
feature for fish and wildlife habitat restoration. A sediment retention basm was examined for
Reelfoot Creek (Figure 8) during the reconnaissance study. For reconnaissance level purposes, the
location used was that determmed in previous studies. However, optlrmzatlon of the locatlon and
design will be examined in the feasrblhty phase.

Wat 1 Management Areas Waterfowl reservoirs are planned for the east side of
Runmng Reelfoot Bayou up to the 285 foot contour between Reelfoot Lake and Free Bridges (Figure

- 9). Atotal of 850 acres would be required w1th 58 acres utilized for levee construction. Fewer wells
‘may be required if water can be used from Reelfoot Lake. The area would be terraced along 1 to 1.5

foot contour intervals with no terraces crossing roads or streams. The terraces will have a 25 foot
to 35 foot bottom width, al2 foot crown, and 2t03 foot helght

Lalge_ls_o_m_RgmLanm It has been proposed to increase the water level management
capabilities in the Lake Isom Refuge The existing maximum water surface elevation is 280.5' with
all stoplogs in place at the refuge ﬂoodgate The proposed water level management capabilities
include the ability to drawdown the water level to elevation 274 NGVD amd-to ratse-it to-elevatron—
282 NGVD. 'The raising of the water surface 1.5' above the existing maximum elevation-would

- occur within a 2-3 week period. An estimated ten 1,000 gpm wells would be required. In order to

achieve these capabllmes the floodgate (stoplog structure) at the southern end of Lake Isom will

need to be replaced. The new structure would have a weir length of 15" Additionally the emergency

spillway would require modification to achieve a width of 125' at an elevation of 282.5' NGVD. The
dam embankment on the southern part of the refuge would requrre modrﬁcatron to achreve a length

of 1,240', a crown width of 15', and an elevatron of 285' T

Aquatic Vegetation Control. A cookie cutter dredge has been used to cut the vegetation
in certain areas of the lake. In order to control the aquatic vegetation, continuation of the use of the

" cookie cutter dredge is recommended. One additional means may be to use herbicide in conjunction

with a major lake drawdown. This feature was not analyzed separately but was included in the
analysis of other features since aquatic vegetation problems result from a combination of several
other problems. Appendix A addresses the aquatic vegetation problem in more detail and provides
recommendatlons from the Corps Aquatlc Plant Control Operations Support Center.

mln_uLLQg_Sgdlmgn_t_C_qn_tmL Thls alternative consists of diverting dramage from a

roadside ditch into a nearby WMA to prevent sediment from entering Bayou du Chien and
eventually, Reelfoot Lake. Additional measures to prevent sediment deposmon into the lake would
be to construct sediment basins in the hills east of Walnut Log.
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Bayou du Chien Cleanout, This alternative consists of an environmentally sensitive

cleanout of Bayou du Chien to remove debris and sediment. The feature would prevent the
.. restriction of ﬂows into Reelfoot Lake and prov1de an open channel for boatmg

+ This alternative consists of approximately 16
V mlles of channel enlargement along the ex1st1ng alignment of Bayou du Chien from the southwest
. comer of Hickman, Kentucky, to the Upper Blue Basin of the lake. Flood control would be provided
for southwest Hickman and for croplands and woodlands served by the channel.

. i This alternative calls for the removal of sediment
from areas expected to be filled in the next 25 to 50 years. These areas considered for dredging are
. cntlcal for mamtalmng ﬂow between basms for flood control storage and access to the lake

2822,

Reelfoot Creek Reservoirs. These TESErvoirs would be used to control the erosion fromthe

Reelfoot Creek Basin while also prov1d1ng flood control and water supply capabilities. This

‘alternative calls for two reservoirs on Reelfoot Creek. One of the reservoirs would be locatedon

North Reelfoot Creek and have a maximum pool of 2, ,000 acres and a permanent pool of 800 acres;
the other would be located on South Reelfoot Creel and have a maximum pool of 1, 800 acres and
- a permanent pool of 1,100 acres.

B_e_ejiggt_&_lnmgn_C:_esk_my_emsm_th:L ‘This diversion channel would dlvert

 sediment-laden flood discharges from Reelfoot and Indian Creek around the lake but allow continued

discharge into the lake during non-flood penods The diversion channel would begin just
downstream of the Tennessee nghway 22 crossing over Reelfoot Creek, parallel the bluff line east
of Reelfoot Lake to Tennessee Highway 21, then follow ex13t1ng ﬁeld drains to Jom ‘Running
Reelfoot Bayou about 6,000 feet downstream of the spillway.

These channels would be used to. connect relatlvely small pools
to the three major basins and would improve the efﬁclency of dlscharge into and out of these storage
areas. They would also provide improved access routes to popular remote fish and wildlife
 recreation areas. A total of 11,7 miles of channel were included in this alternative,

Mmmwmmmm The structural components of this

alternative are the same as those described for the Reelfoot Creek Reservoirs. The de51gn and
~ operation of the reservoirs could be such that some of the capacity of the structures would be
retained for water supply without adversely affecting the flood control and sediment control
capabilities of the reservoirs.. . . . . | |
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A key component of this alternative is
enlargement of the Bayou du Chien channel from Hickman, Kentucky, to the Upper Blue Basin of
the lake. This channel enlargement would provide a significant reduction in the ﬂoodmg of
southwest Hickman and woodlands and croplands adjacent to the Bayou du Chien channel.” To
~ provide an alternative water supply during dry penods a pumping station would be located just west
-of Hickman. The design consxdered could convey about 33, 000 acre-feet of supplemental water to
the lake in 45 days

Water Sur -oundwater), This would also prov1de an alternative water
- supply sufficient to prov1de about 33,000 acre-feet of supplemental water in 45 days. The source
- of the supplemental water for this alternative would be seventy 18-inch diameter wells and pumps
to be placed adjacent to Buck and Blue Basins.

The upper Bayou du Chien channel
- which emptles in the stswsxppl River just north of Hickman, Kentucky, was considered as a
possible source of water. Conveyance of water from upper Bayou du Chien to the Reelfoot Lake
basin would require construction of a channel through the ndge dividing the two basms with
;enlargement of the lower Bayou du Chien channel

Features Eliminated From Further Study

. Initial evaluation of the alternatives descnbed in the preceding paragraphs resulted in the

elimination of a number of features from consideration in the final array of alternatives. Some of

the plans not considered in the final array of alternatives are feasible but were dropped because of
a lack of non-Federal interest, or because more efficient features had similar outputs.

, D_[g_dgmg_m__c_nng_al__llcpgs_m;m_Amas, This feature was eliminated during the
reconnaissance study when it was realized that the tremendous number of stumps on the lake bottom

‘made the proposal cost prohibitive. There was also serious doubt about obtaining water quality
certification. A greater need is for the prevention of additional sedlment from entenng the lake
. Therefore, this feature was eliminated from further consideration. .. .. .

CT ,EalnuLLogS.edimenLC_Qnm Currently, sediment enters a roadside grader ditch from
_ the hills above Walnut Log Road. Sediment deposition into the ditch appears to be minimal.
Likewise, the sediment does not reach Bayou du Chien or the Upper Blue Basin of the lake.

" Cleanout of the ditch is anticipated to continue as needed. Likewise, diversion of the drainage ditch
into a wildlife management area alongside the ditch could be achieved by the potential local sponsor
_through the use of a backhoe. ' ) ‘

Bayou du Chien Channel Enlargement. Thls feature was previously analyzed for potential

flood control benefits and determined to be fe351ble However ‘the potentlal non-Federal sponsor
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has not expressed an mterest in pursuing thls feature. In addltlon this feature would increase the
potential for sediment deposition into the lake. Therefore, enlargement of the Bayou du Chien
channel was not examined further. .

e e e AR W L g B s gy o S s

anp_u_du_(:mm_ﬂemu& Aﬁer a cursory analysrs, 1t was determined that he potent1a1
local sponsor could selectivety remove: fallen:trees frony the' channel in order to provide boating

access from the upper Blue Basin to southwest Hickman, Kentucky. However, recent field
investigations revealed no blockages in Bayou du Chien from Walnut Log to the Upper Blue Basin.
Additional sediment could enter the lake as a result of removal of fallen trees, but it would be less
 than from a channel cleanout _Therefore, no further Corps action is recommended on Bayou du
Chien.

Alternative Water Supply (Mississippi River). This feature, though potentially feasible,

was eliminated from further consideration due to a lack of local | sponsor support and the more critical
~ need for other features.

~ Alternative Water Supply (Groundwater)., Previous analyses included this feature in
studies at Reelfoot Lake. However, potential water quality problems (due to iron content) and a lack
of non-Federal interest resulted in the elimination of this featwre. =

Reelfoot & Indian Creek Diversion Channel, This alternative is one of three which was
des1gned primarily for controllmg the deposition of sediment into the lake. This alternative was
expected to be slightly more effective than either the Reelfoot Creek Reservoirs or the Sediment
Retention Basin on Reelfoot Creek. However, because of antlcrpated adverse 1mpacts the d1versmn
channel was not considered in the final array.

- Reelfoot Creek Reservoirs. Reservoirs on North and South Reelfoot Creeks, a short
distance upstream of their confluence with Reelfoot Creek, would capture an estimated 70 percent
of the sediment from that basin. This volume of sediment would amount to about 35 percent of the
total sediment entering the lake and surrounding wetlands. Tn addition to their sediment retention
capabilities, the reservoirs would also have limited water supply and flood control capabilities. The
large acreage required for the permanent and maximum pools and the high construction costs for the
dams and outlet structures however, make this the most expensive alternative considered. The
Sediment Retentlon Basin was the only sediment control alternative retained in the ﬁnal array of
altematlves

Dredged Boat Channels. Although this alternative appears to be feasible, there is no
apparent non-Federal sponsor or Corps interest in the implementation of this alternative. Therefore,
it was not included in the final array of alternatives..

k k rvoi The most critical need for water
supply is likely to occur after a drawdown or during extreme dry periods. The water supply
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capabilities of the reservoirs are only sufficient to refill Reelfoot Lake from a normal pool deficit of
about 1 foot. Other water supply alternatives considered are less costly and have greater capacrtles
therefore, this water supply alternatlve was ehmmated

A,Lte_maﬂy_e__algLSJmply_ﬂlpchﬂaﬂuLdLChm Based on mformatlon gathered in
other Corps studies, the upper Bayou du Chien channel has insufficient base flow during the later
summer and fall months to be consrdered a viable source of water. Therefore, this alternative was
dropped from consideration in the early stages of the study.

Glady Hollow Diversion. According to a 1986 report by the Tennessee Department of
Health and Environment entitled Summary of Sedimentation Studies At Reelfoot Lake, 1982 -1986,
Glady Hollow Ditch delivers 12,342 tons of sediment per year into Reelfoot Lake at the existing
spillway. However, at the present time it appears that most of the sediment drops out somewhere
between Glady Hollow and the state park campground. Due to the extensive costs (based on quantity

estlmates) apparent lack of need and a lack of potentlal beneﬁts, thls dlversron was not pursued.

Hup_ugh_mrmmng_s_ggg_m Some flood control beneﬁts would be provrded by

construction of the pumping station at Harris Ditch. The majority of these benefits arise from
prevention of damages to streets and roads within area. Investigations indicated that agricultural
inundation does not occur frequent enough during the growing season to affect farming and there
" aré no ecosystem restoration benefits associated with this altemnative. B

AR AR

" Washout Di i : ind Harris Ditch Clea ~Ther.f: ar_enodocumented data

--on sediment drop in the Washout, and the Washout is stlll extremely deep (40 - 45 feet; pers. comm.
Paul Brown, TWRA, 1993) Therefore, s1gmﬁcant aquatic degradatlon has not been identified at
thls time.

Features Cons1dered ln Detall

The resultmg plans are the final array of alternatlves These alternatlves are descnbed in the )

| paraéraphs whxch follow.

of Water Level Management ices. Water level management is expected
to have positive impacts on several of the problems identified. Implementation of the proper water
level management will help control the amount of aquatic vegetation within the lake and thereby
address the problem of loss of aquatic habitat. Water level management can also impact the problem
of loss of waterfowl habitat by provrdlng additional acres of habitat through fluctuation of water
elevations durmg the appropnate seasons of the year. Implementation of water level management
will also indirectly impact all opportunmes 1dent1ﬁed in the study by restormg and mcreasrng aquatic

, and waterfowl habltat in and around Reelfoot Lake et bt
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Twenty-seven different water level management scenarios were initially considered during
the study, however most have been eliminated due to a variety of reasons. Table 3 lists all
alternative management scenarios that were considered and the reasons for or against
implementation. One preliminary alternative suggested returning the lake to uncontrolled, natural
water fluctuations. While this may appear ideal in some respects, damages to private and public

- property could be extreme during periods-of high water.” For this reason, this alternative was not
" considered further. The following three water level management alternatives have been selected for
detailed evaluation.

)Maxe__Mazxagemem_AlLematme_l__No_Amgm Wlth this alternative, Water level

management would continue as described in the existing conditions. The U.S. Fish and Wildlife
Service obtained permission in 1991 to operate lake levels under what is known as the Interim Plan
of Operation as described in the July 1989 Reelfoot Lake Water Level Management Final
Environmental Impact Statement. Under the Interim Plan, water levels may fluctuate annually up
" to 282.7 m.s.1. during the period of April 16 - November 14 and fluctuate up to 283.2 m.s.1. during

the period of November 15 - April 15. This procedure would continue as the No A@b!k.@l'!%@ﬁy e

Dlg_dgm, ThlS alternatlve is descnbed in the 1989 Envuonmental Impact Statement prepared by
the U.S. Fish and Wildlife Service as Alternative 6 (Preferred Alternative). Under this water level
management scenario, the level of Reelfoot Lake would be managed more dynamically than in the-
past, depending on the natural moisture regime in particular years. The intent would be to manage
for a more natural water level regime typical of alluvial lakes. Management would strive for at least
a two-foot fluctuation each year. Lake levels would be allowed to fluctuate to at least 283.0° m.s.1.
before considering opening any gates of the spillway. Manipulation of the spillway gates could
occur between 283.0° - 283.5” m.s.l. depending upon climatic events and runoff in the watershed,
seepage impacts of the Mississippi River, and other factors affecting lake hydrology or management
needs based on biological indicators of the lake’s ecosystem. Additional spillway gates would be
opened when the lake level reaches approximately 283.5’ m.s.l,, except with the occurrence of
~ unusual storm events when opening additional gates at lower elevations would be prudent. As the
lake level recedes from elevations above 283.5’ m.s.1, the gates would be closed between the same
0.5° mtervals untll the lake is stablhzed at 283 0 m. s 1

. ; F Iuctuanons of the lake level of 1 to 2 feet below elevatlon 282. 2 m s.l. will generally occur
dependent upon climatic conditions. However, penodlc gate mampulatlon or artificial lowering of
the lake level to approximately 280.0’ m.s.1. may be used to accomplish specific practices to improve

) ﬁshenes and wildlife habitat, control vegetatlon or other management needs. Under this operating

procedure the lake could reach levels as high as 284.0° m.s.l. or as low as 280.0’ m.s.. in any given

year. High water levels would generally occur in winter and spring; low water levels would
generally occur in the summer and early fall. However, unusual climatic events such as natural
flooding or drought conditions would occasionally exaggerate the water level extremes or modify

EIS-18




their seasonal occurrence. The gate manipulation procedures of this alternative would be modified

- to accommodate required changes based on experience or biological indicators.

A majer periodic drawdown vtleuld' involve lowering tbe lake level four feet (from 2822

m.s.l. to 278.2’ m.s.l.) with a new water control structure. The drawdown would start on June 1 and
completed by July 15 or earlier if possible.: A minimum of 120 days would be allowed for drying

and aeration of the exposed lake bottom. The water control structure would be closed in mid-

November. Refilling of the lake would be dependent upon ground water recharge and rainfall. The

- lake would be refilled to 283.3’ m.s.l. and held at that level until June 1 of the following year. Under

R prbe e

. average climatic conditions, the lake would refill to this elevation by mid to late winter. The major
_ periodic drawdown would be repeated as needed every 5 to 10 years. Dredging of existing

circulation channels will be required to facilitate the four foot drawdown. Specific decisions

" concerning timing and need of subsequent drawdowns would be made on the basis of monitoring

physical and biological conditions resulting from the first or previous drawdown. Post construction
environmental monitoring will be cost shared by TWRA and the Corps for two years. Long term

~'monitoring (5 — 10 years) is presently being discussed with TWRA, USFWS, the University of
Memphis, and the University of Tennessee at Martin.

s geme G ; 3 Thls
altemanve isa combmauon of Alternatlve 1-No Actlon, as descnbed above, w1th a major periodic

drawdown as described in Alternative 2, above Lake water levels would be allowed to fluctuate up

to 282.7° m.s.l. during the period of April 16 ¢ November 14 and up t0-283.2° m.s. L. during the.
period of November 15 - April 15. A major drawdown to elevation 278.2” m.s.l. would occur every .
5 to 10 years as necessary. The drying and refilling times would be as described previously.

Construct Alternative Spillway. The alternative spillway feature is proposed to replace the

' existing outlet structure on Running Reelfoot Bayou built in 1931. As mentioned previously, the

existing structure has outlived its design life and is showing signs of deterioration. The radial gate

~on the structure is rarely used because of structural deterioration. Severe seepage is occurring

beneath the structure and the future stability of the structure is unknown.

A new outlet structure is requlred to unplement the maj or penodlc drawdown of the lake as
described above. The existing structure does not have the outlet capacity to draw down the lake in
the required time period, in that the design of the existing structure does not lend itself to a
drawdown activity. The existing structure is designed as an overflow weir, therefore, the
deteriorated radial gate would have to be used to implement a drawdown. This would not meet the
time limitations described and would reduce the overall benefits of a major drawdown.

- Environmental benefits resulting from repair of the existing spillway w111 be the same as those

associated with the No Action Alternative. .

’ The alternatxve ‘splllway feature was desigheti based on several criteria determmed by the

- study team. They are as follows:
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a. The structure must have the flexibility for implementation of various water management
schemes including periodic maj or drawdowns within the prescribed time periods.

b. The structure must provrde ﬂood control equal to the ex1st1ng structure
c Impacts to exrstmg wetlands parks and roads must be minimized.

Based on these criteria, the study team formulated alternatives for the construction of the
alternative spillway. Seven alternative sites, as shown on Plate 1 were evaluated for the new
spillway structure. A comparison matrix, Plate 2, along with other considerations shown on Plate
3, was prepared to help in the evaluation of alternative spillway sites. All of these plates are found
in the feasibility report. After extensive review and comparison of the alternatives, Alternative Site
6 was selected as the optimum locatron for the proposed spillway structure

Along w1th the alternative splllway, a new inlet channel, outlet channel and bridge will be
required. The study team determined that separation of the bridge and spillway will be beneficial
to the project. If the bridge and spillway were combined, similar to the existing structure, the
spillway would be required to support highway traffic. This would require that the deck structure
on the spillway be a minimum of 48’ wide (two 2’ lanes and two 12’ shoulders). This would greatly
increase the depth of the proposed structure and possibly foundation requirements over the design
based on separate structures. Separation of the structures also eliminates any - potential future
- problems concerning maintenance responsrbrlmes between state highway and environmental

agencies. ‘ :

" Optimization of the alternative spillway design was performed based on the flow capacities
required for the proposed major periodic drawdown of the lake. Designs were considered which
incorporated 4, 6, and 8 gated structures. Each gate is a 20°wide vertical lift gate. This type of
design allows for flow under the gates that will be beneficial to fish passage through the structure.
It was determined through hydraulic analysis, that the proposed 6 gate structure has the capacity to
draw down the lake to elevation 278.2 m.s.1. in the 45 day time period taking normal precipitation
levels into account. Outlet flow rates will be limited to the existing capacity of Running Reelfoot
Bayou therefore no downstream ﬂoodmg is expected due to the periodic drawdown of the lake.

Plate 4 of the feasrbrlity report shows the proposed desrgn of the 6 gate altemative spillway, the
mlet and outlet channels and the new bridge.

mmnsﬂumuﬁmm&dmcm& Sediment deposmon has been 1dentiﬁed as one
of the major problems at Reelfoot Lake. It has been determined that approximately 50% of the

sediment deposited in the lake is transported by Reelfoot Creek. During the Reelfoot Lake,
Tennessee and Kentucky, Reconnaissance Study an evaluation was performed which indicated that
the construction of a single, large sediment basin on the lower portion of Reelfoot Creek would be
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beneficial in addressmg the problem of sediment deposmon in the lake Dunng the feasibility study,
an in-depth sediment study was performed which documents the expected benefits and costs of the
construction of a sediment retention basin on Reelfoot Creek.

The sediment basin proposed in the Reconnarssance Study consisted of an earthen levee
approximately 16, 800 feet in length. This basin would encompass approximately 2,570 acres at the
design water elevation of 305.0°. During the feasibility study, the size of the proposed sediment
detention basin was optimized to provide the most cost efficient structure. Four alternative size
basins (including the Reconnaissance design) were evaluated. Plate 5 of the feasibility report shows
the four alternative levee locations. The deS1gn water elevation of 305.0° was maintained for all
alternatives. Parametric cost estunates were prepared for the four alternatives along with estimates
of benefits for the d1fferent size struct structures Aﬁer evaluatlon of the prelnmnary costs and beneﬁts
Alternative #1 was selected as the optxmum deslgn Aﬁer the completion of the optimization process,
a complete sediment evaluation was performed in accordance with the selected alternative. The
‘construction of a sediment retention basin on Reelfoot Creek will address several of the problems
identified in the study 1nclud1ng Loss of Aquatlc Habltat Dechmng Water Quahty, ‘and Loss of
Waterfow]l Habitat. It will also either directly or indirectly address all opportunities hsted in the
previous section of this report.

' The dredged circulation channels feature was

proposed during the Reconnaissance Study The purpose of the channels is to provide for better
circulation of water between the major basins within the lake. The studies indicate that improved
~ water circulation w1ll improve the problem of declining water quality. Construction of these
channels will also provide greater water level rnanagement capab111ty within the lake and this feature
is con51dered essential to implementing the periodic major drawdown of the lake discussed
prekusly This feature will also allow easier boating access to some areas of the lake and therefore
» ‘will address several of the opportunities identified in this study.

The initial design of this feature during the Reconnaissance Study included approxrmately 13
miles of dredged channels in the lake. These channels were proposed to have a maximum bottom
elevation of 274.0’ m.s.1.. During the feasibility study, optimization of this feature was performed.

Three different bottom elevatlons for the channels werec consxdered whrch mcluded 274.0°, 276.0° -

and 278.0°. After evaluating construction quantltles, 1mpacts on water level management, impacts.

on existing wetlands, and discussions with the sponsor, it was determined that circulation channels

with bottom elevation of 278.0° will address the problems identified in the study.

By mcreasmg the maximum depth of the proposed cnrculatxon channels to 278.0’, the excavation
quantities are reduced to ‘approximately 27,500 cubic yards from approximately 595,000 cubic yards
for the 274.0° elevation channels and 254,000 cubic yards for the 276.0’ elevation channels. The

total length of dredged circulation channels at elevation 278.0° is approximately 3.2 miles compared
to approximately 15 miles for the channels at elevation 274.0’ and 13 miles for channels at el

276.0". Potential negative impacts to the environment from excavation within wetland, and 1sposal‘ -
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of excavated material are greatly reduced. Dredged circulation channels with bottom elevation of
278.0° will adequately address the requxrements of a major periodic drawdown to elevatlon 278.2°
" as described previously in this report.

The proposed dredged circulation channels are shown on Plate 6 of the feasibility report. Two
dredged boat access channels.are included in the proposed feature. These channels are required for
access to the lake during major penodlc drawdowns for water quality sampling and monitoring. The
locatlons of the proposed channels follow exxstmg dredged channels and ditches within the lake
Th15 desi ign will also help to minimize negatlve 1mpacts and reduce constructlon costs.

o M&ﬂmmmmmmmg Prior to the construction of the
Mississippi River levees, the Reelfoot Lake spillway, and Highway 21, Shelby Lake was a natural
oxbow lake surrounded by cypress trees and replenished regularly by flood waters from Reelfoot
Lake and the Mississippi River. Since the construction of these items, the site has slowly silted in
and has been cleared for agricultural use. A small remnant of the original lake is still too wet for
“agriculture and has now grown up in willows. This is all that is left of the original natural lake.
Plate 7 of the feasibility report is a copy of the 1934 U S.GS. quad map which clearly shows Shelby
Lake just south of Highway 21.

Plates 8 and 9 show the proposed Shelby Lake feature as it has been formulated. The purpose
of this feature is to restore the area to the historical wetland condition and to provide waterfow] and

wetland habitat. The design of this feature includes shallow: excavation of Shelby Lake (0 to & feet)

and construction of low level terraces for seasonal impoundment of water. The restored Shelby Lake
would cover approximately 170 acres at the normal pool elevation of 280.0’ m.s.l.. The six
seasonally flooded waterfowl areas would cover approximately 483 acres and approxunately 312
~ acres of forest hardwood habitat is included in the feature to provide diversity and cover.
Restoration of this area is expected to produce high levels of migratory waterfowl benefits similar
to other waterfowl management units already in use in the Reelfoot Lake area.

Lake Isom Restoration. The Lake Isom feature is located just south of Shelby Lake and
 Reelfoot Lake along Running Reelfoot Bayou, the main outlet from Reelfoot Lake. Lake Isom is
~ a Federal Wildlife Refuge which is owned and operated by the U.S. Fish and Wildlife Service. This

feature has been formulated to address the problem of loss of waterfowl habitat in the Reelfoot Lake

arca.

Similar to Shelby Lake, Lake Isom was also recharged frequently by flood waters from Reelfoot
Lake and the Mississippi River before the construction of the Mississippi River levees, the Reelfoot
Lake spillway and Highway 21. It once existed as a natural wetland complex which provided

‘excellent aquatic and waterfow] habitat. Along with the changes in hydrologic conditions due to the
levees and construction around Reelfoot Lake, Lake Isom has also experienced a long term drying
effect partly due to alterations in Running Reelfoot Bayou. The bayou was channelized in 1959 and
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' the ﬂoWIihe bf the bayou is currently approximately 15 feet lower than the normal water level of
Lakelsom. o o

~ The proposed feature at Lake Isom is to provide the capability of increased water level
" management within the lake. ‘The management capability will include the potential for raising the
‘water level in the lake by up to two feet. The higher water levels would generally be during the
" winter months for increased waterfowl habitat. Also, more capability for fluctuation of the water
levels throughout the year would be possible if the plan is implemented. The plan calls for annual
water level fluctuations between elevation 279.0' and eley The increased annual
' fluctuation is expected to help control the amount of aquatic veg ke and there
improve waterfowl and aquatic habitat. |

In order to implement this feature, the elevation of the existing levee at Lake Isom mustberaised
by two feet. A new outlet structure that has the capability to raise the water level to elevation 282.0' =

will also be required. Six pumps will be constructed to augment natural water supply to Lake Isom

for raising the water elevation, particularly during dry years. A borrow area has been selected within
‘the boundaries of Lake Isom as a source of material for raising the elevation of the levee. The .

 selected site will be excavated in 2 manner to provide aquatic and waterfowl habitat.

Formulation of Alternative Plans

After the cost and benefit evaluation for the selected features was performed, the features were
grouped together into alternative plans for further evaluation. This grouping allows for a cost

effectiveness evaluation of the alternative features for selection of gw recommended plan. The features -

included for the formulation of alternative plans include:

o Implementation of Water Level Management Practices
e Alternative 1 -No Action
e Alternative 2 — Dynamic Water Level Fluctuation with Major Periodic Drawdown
o Alternative 3 — Interim Plan (existing) with Major Periodic Drawdown
Alternative Spillway
Dredged Circulation Channels =~ =~
Sediment Basin on Reelfoot Creek A
Shelby Lake Restoration/Waterfowl Management Units
Lake Isom Restoration

The Alternative Spillway feature must be constructed in order to implement the Water Level
* Management Practices Alternative 2 and Alternative 3 features. Because of this, these features are

considered to be dependent features and were not evaluated indcpendentlf. A total of 14 alternative

~ plans (including the no-action plan) were formulated from the features. The plans, costs, benefits, and
effects are as follows:
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- No-Action Plan. This plan is based on the future without project conditions described previously
in this report. No Corps of Engineers project would be implemented under this alternative.
Environmental resources will continue to degrade and Reelfoot Lake will continue to fill with
sediment. The Environmental Appendix and Final E.LS. document the expected loss of environmental
habitat for the future without project condition. The existing outlet structure will continue to
deteriorate and at some time will require replacement. Intermediate steps, such as stabilizing the
- structure with rock, could be taken to maintain the water level in the lake. A temporary fix of this
. nature would cause the existing structure to function as a weir and limit the usefulness of the structure.

. Eventually, the existing outlet structure must be replaced in order to maintain its function. It is
anticipated that the size and location of a replacement structure will be similar to the proposed
alternative spillway feature previously discussed in this report whether constructed by the Corps or by

some other entity. Therefore, the cost estimate for this structure was used as a basis for the economic

~ analysis of the future without project condition.

Alternative Plan 1a. Alternative plan 1a consists of the Alternative Spillway and Water Level
Management Practices Alternative 1. This plan will provide for the replacement of the existing
deteriorated control structure_and water level management equal to the existing condition.
Implementation of this plan would ensure that Reelfoot Lake continues to exist in a condition equal
to the exiting condition without the fear of failure of the existing spillway and bridge structure. This
plan will ensure the continuation of existing recreation and commercnal ﬁshmg act1v1t1es as well as
flood control protection presently provided by Reelfoot Lake.

Table 4
Alternative Plan 1a
Benefit and Cost Summary

(1 October 1998 P.L.)
e e e————————— TS 5.709,000
Average Annual Cost: $ 834,100

Average Annual Benefits:- ,
Fish & Wildlife Restoration, Terrestrial: 50 AHUV v $ 16,682

e e T

Economic Benefits: $ 923 000

R T e e, A AM

_ Alternativ:_Plan 2a. Alternative plan 2a consists of the Alternative Splllway, Water Level
' 4Management ices Alternative 1, and Circulation Channels: This plan will provide the same

‘benefits as Ait- ;iative Plan 1a but will also provide additional water quality benefits within the lake
~ from the addition of the circulation channels. Some additional recreation benefits may be realized due
to easier access to the various basins thhm the lake. The estimated average annual costs and benefits
of this plan are listed below.
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 Table5
Alternative Plan2a
Benefit and Cost Summary

" (1 October 1998 P,.L..)
TR T %
Average Annual Cost: , o $ 882,900

Average Annual Benefits:

Fish & Wildlife Restoration, Terrestrial: ~ S0AHUV ' $ 17,658
Aquatic Habitat Restoration: 1( _§8 6791

Economic Benefits: , -

—

Alternative Plan 2b, Altemative plan 2b consists of the Alternative Spillway, Water Level
Management Practices Alternative 2, and Circulation Channels. This plan will provide the same
benefits as Alternative Plan 2a but will also provide substantial waterfowl and aquatic benefits due to
the seasonal fluctuation and periodic major drawdowns included in the Water Level Management
Practices Alternative 2. Implementation of this plan will require significant real estate acquisitions due
to raising the water level within the lake. Potential negative impacts.are due to-the effect of a periodic

Burbimbeos ot

drawdown of the lake on the local economy.

 Table6
Alternative Plan 2b
Benefit and Cost Summary

(1 October 1998 P.L.)

Total First Cost | o |
Average Annual Cost: o e $ 1,119,300

* Average Annual Benefits:

Fish & Wildlife Restoration, Terrestrial:  290AHUV @ § 3860

Aquatic Habitat Restoration: 4946 AHUV $ 226

Annual Waterfowl Use Days: 7125000 § 016

Economic Benefits: - $1,465,300

Alternative Plan 2¢, Alternative plan 2c consists of the Alternative spillway, Water Level
Management Practices Altemative 3, and the Circulation Channels features. Alternative plan 2c will
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provide the same benefits as plan 2a plus the additional aquatic benefits provided by the periodic
drawdown described previously. Plan 2c does not require the real estate interests needed for
implementation of higher water levels within the lake. This plan, however, does not provide the large
number of waterfowl] benefits estimated for plan 2b due to the increased water levels within Reelfoot

Lake.
Table 7
Alternative Plan 2¢
Benefit and Cost Summary
e (1 October 1998 P.L.)
Total First Cost: T o $ 10,248,000
Average Annual Cost: $ 882900
Average Annual Benefits:
: Cost per Benefit
Fish & Wildlife Restoration, Terrestrial: 50 AHUV $ 17,658
Aquatic Habitat Restoration: -7 3,090 AHUV $ 286
Economic Benefits: $ 1,249,500
- Alternative Plan 3a, This alternative pian consists of the Alternative Spillway feature, the

Circulation Channels, Water Level Management Practices Alternative 1, and the Reelfoot Creek
Sediment Detention Basin. The inclusion of the sediment detention basin will have a significant impact
on the amount of sediment being deposited in Reelfoot Lake from Reelfoot Creek. Other benefits will
be similar to Alternative Plan 2a. The estimated costs and benefits of plan 3a are listed below.

Table 8 .
Alternative Plan 3a
Benefit and Cost Summary
(1 October 1998 P.L..)
Total First Cost: ' R "
Average Annual Cost:
Average Annual Benefits:
Fish & Wildlife Restoration, Terrestrial: 374 AHUV
Aquatic Habitat Restoration: 1,316 AHUV
Annual Waterfow! Use Days: 1,590,800

$ 21,496,000

$ 1,883,500
r Ben

$ 5,036

S 1,431

\) 1.18

- Economic Benefits: $ 1,179,300




A_tg_magyg_ﬂan_ah, Alternative Plan 3b consists of the Alternative Splllway, Circulation
Channels, Water Level management Practices Alternative 2, and the Sediment Detention Basin
features. This plan provides the maximum level of benefits for this combination of features due to the

inclusion of the seasonal water level fluctuations and the periodic major drawdown of Reelfoot Lake.
The 1mp1ementat10n of tlns combmatlon of features would provxde 31gmﬂcant beneﬁts to the lake.

- Table 9
Alternative Plan 3b
Benefit and Cost Summary

(1 October 1998 P L )
Toml st Cost 8 23766000
AverageAnnual Cost o 8 2119%0

Average Annual Benefits: V o

Cost per Benefit

Fish & Wildlife Restoration, Terrestrial: 614 AHUV $ 3,453
Aquatic Habitat Restoration:  6132AHUV ~ § 346
Annual Waterfowl Use Days: ‘ 8,715,800 $ 0.24
_Economic Benefits: $ 1,683,200 '

Mﬂ&l& Alternatlve Plan 3c is smnlar to Alternatlve Plan 3b except that the seasonal
water level fluctuation of the lake is not mcluded “This plan consists of the Alternative Spillway, the
Circulation Channels, Water Level Management t Plan Alternative 3, and the Reelfoot Creek Sediment

Detention Basin. The estimated costs and benefits are listed below.

Table 10 o
- Alternative Plan 3c o
Benefit and Cost Summary

(1 October 1998 P L ) ‘

Total First Cost: e aLA%6000

Average Annual Cost: | N | 8 18850
Average Annual Benefits: o -

Fish & Wildlife Restoration, Terrestrial: 374AHUV & 5,036

Aquatic Habitat Restoration; 4276 AHUV S 440

A atortow! Use Qays | 1550800 S B B |

Economic Benefits: $ 1,467,400




M;gmagm_e_ﬂanmjh,_agﬂg, Alternative Plans 4a, 4b, and 4c are sumlar to Alternatlve Plans
3a, 3b, and 3c except for the inclusion of the Shelby Lake Restoration/Waterfow] Management Units
feature in each of the three plans. The inclusion of this feature is expected to generate both aquatic and
waterfow] benefits for the Reelfoot Lake area. Real estate acquisition would be necessary to implement
the Shelby Lake feature, however the expected benefits are significant. The construction of this feature
will help to return this wetland area to a more historic condition.

Table 11
Alternative Planda
~ Benefit and Cost Summary
v (1 October 1998 P.L.) |
o Tt Cost —— w0
Average Annual Cost: U $ 2,326,800
Average Annual Benefits: R v
Fish & Wildlife Restoration, Terrestrial: 1,050 AHUV $ 2216
Aquatic Habitat Restoration: . .~ 1,344 AHUV 3 L7311
Annual Waterfowl Use Days: 4,045,800 $ 0.58
Economic Benefits: $ 1,317,700
~ - Table 12
Alternative Plan 4b
Benefit and Cost Summary
(1 October 1998 P.L.)
Total First Cost: o $ 28,729,000
Average Annual Cost: ' - $ 2,563,200
Average Annual Benefits: ' A
Fish & Wildlife Restoration, Terrestrial: 1,290 AHUV $ - 1,987
Aquatic Habitat Restoration: 6,160 AHUV $ 416
Annual Waterfowl Use Days: 11,170,800 $ 0.23

Economic Benefits: - $1,821,600
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Table 13

Alternative Plan 4¢
Benefit and Cost Summary
R (1 October 1998PL) .
Towl First Cost: | i | W$¢2M§=‘159 000
Average Annual Cost: ' 2,326, 800
Average Annual Benefits:
Fish & Wildlife Restoration, Terrestrial: 1,050 AHUV $ 2216
. Aquatic Habitat Restoration: .. 4304AHUV 8§ 541
Annual Waterfowl Use Days: 4,045,800 $ 058
EconomicBenefits: $15605800 . .

Alternative Plans 5a, 5b, and Sc. These alternative plans are similar to Alternative Plans 4a, 4b,
and 4c except for the inclusion of the Lake Isom Restoration feature. Lake Isom is currently a
waterfowl refuge operated by the U.S. Fish and Wildlife Service. ,Implementatlon of the proposed
feature is expected is generate a high level of waterfowl benefits which will-help to-restere this-area
closer to the historical wetland condition. The cost estimate for E.ake Isom includes a small amount

of real estate interests due to the proposed increase of the water level of the lake The estimated costs

and benefits of these proposed alternative plans are as follows.

Table 14

Alternative Plan 5a
Benefit and Cost Summary
(l October 1998 P L )
Total First Cost: TS 77,802,000
Average Annual Cost: $ 2 466,100

: Av,efafge Annual Benefits:

FlSh & Wlld]lfe Restoratlon Terrestrial: - 1,229 AHUV ) 2‘,007"

3
Aquatic Habitat Restoration: 1454 AHUV 3 1,696
Annual Waterfowl Use Days » 6,272,000 $ 0.39
Economic Benefits: _4%,3.«1,340 000,‘, . |
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Table 15

Alternative Plan 5b
Benefit and Cost Summary
(l October 1998 P L )
Average Annual Cost: . $ 2,702,500
Average Annual Benefits:
- e ; v Cost per Benefit
Fish & Wildlife Restoration, Terrestrial: 1,469 AHUV $ 1,840
Aquatic Habitat Restoration: 6,270 AHUV $ 431
Annual Waterfowl Use Days: 13,397,000 $ 0.20
Economic Benefits: o $1,843900 ,
Table 16
Alternative Plan 5c
Benefit and Cost Summary
s « (1 October 1998 P. L )

Total First Cost: =~ " ~$ 27,802,000
Average Annual Cost: ’ : $ 2,466,100
Average Annual Beneﬁts.

- Cost per Benefit
Fish & W ildlife Restoration, Terrestrial: 1,229 AHUV $ . 2,007
Aquatic Habitat Restoration: 4,414 AHUV $ 559
Annual Waterfow] Use Days: ' 6,272,000 $ 0.39
Economic Benefits: .. ..$1,628,100

Compéfison of Alternative Plans

After completion of the formulation of the alternative plans and estimation of the benefits and costs
of each plan, a comparison was performed to evaluate the various plans. Initial screening of all
alternatives was performed by evaluating various criteria mcludmg acceptability, completeness,
efficiency, effectiveness, and partnership context. The comparison includes the cost per benefit
evaluation for each category of benefit for each plan. The benefit categories include fish and wildlife
terrestrial habitat restoration, aquatic habitat restoration, waterfowl habitat restoration and recreation
and commercial fishing benefits. The terrestrial and aquatic habitat benefits are measured in annual

Wit

habi