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EXECUTIVE SUMMARY 
 
The Ted Shanks Conservation Area Habitat Rehabilitation and Enhancement Project (TSCA 
HREP) is located on the right descending bank of the Mississippi River, adjacent to the town of 
Ashburn, MO in Pike County.  The conservation area lies in Pool 24 between Upper Mississippi 
River Miles (RM) 286 and 293.0.  The 6,700 acre conservation area is made up of bottomland 
hardwood timber, open marsh, mixed shrub/scrub/emergent wetlands, row crops, oxbow lakes 
and sloughs, old fields and upland woods.  The project area consists of approximately 2,900 
acres of TSCA and associated islands in the Upper Mississippi Conservation Area, RM 284.5 to 
288.5.  Water features include Horseshoe Lake, Rainbow Lake, Flag Lake, Three Mile Ditch, 
Reiniking Slough, Deadman’s Slough and various others.  These lands are managed under a 
cooperative agreement between the Department of the Interior, U.S. Fish and Wildlife Service 
and the U.S. Army Corps of Engineers.  Management of these project lands has been assumed by 
the Missouri Department of Conservation under a successive cooperative agreement.     
 
In addition to the construction and operation of Lock and Dam 24, many other ecosystem 
changes have occurred at TSCA including construction of levees along the Mississippi and Salt 
Rivers, clearing of forests and wet prairie for agricultural production, management of the area as 
a wetland impoundment, and altered vegetation composition and distribution.  Following the 
prolonged Mississippi River flood in 1993, much of the bottomland hardwood and floodplain 
forest at TSCA died and reed canary grass invaded these areas.  A major contributor to this tree 
death was the system of undersized water control structures through the levees that could not 
efficiently drain the area.  The combined ecosystem changes and inefficient drainage capacity 
have created a great need for restoration and enhancement in the project area.  
 
The goal of this HREP is to restore and enhance the quality and diversity of wetland habitat in 
the project area to benefit primarily migratory birds and secondarily other wetland species.  The 
following objectives and enhancement measures were considered in detail to achieve the project 
goal: 
 
Objective 1.  Improve water level management 
• No action 
• Raise/restore levees 
• Create management units 
• Replace/build new water control structures 
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• Construct a spillway 
• Construct a pump station 
 
Objective 2.  Increase quantity of bottomland and floodplain forest 
• No action 
• Setback/degrade levee 
• Plant bottomland hardwoods 
• Plant floodplain forest 
 
Objective 3.  Improve aquatic habitat 
• No Action 
• Dredge deep holes in Horseshoe Lake 
• Construct riffles in Deadman’s Slough 
• Construct hardpoints in Deadman’s Slough 
• Relocate the mouth of Deadman’s Slough 
 
The benefits of the project enhancement features were evaluated using the Wildlife Habitat 
Appraisal Guide (WHAG) and Aquatic Habitat Appraisal Guide (AHAG).  Ecosystem benefits 
and project costs were then put through Cost Effectiveness and Incremental Cost Analysis using 
the U.S. Army Corps of Engineers Institute for Water Resources program (IWR) Plan.  This 
incremental analysis identified which combinations of enhancement features and their associated 
environmental outputs (Habitat Units) would be both cost efficient and cost effective.  This 
analysis also showed the changes in cost for increasing levels of environmental output. 
  
Alternative 13, the tentatively selected plan for the TSCA Project consists of multiple features to 
restore and enhance the leveed interior and Deadman’s Slough (Figures ES-1) by implementation 
of the following project measures:  
 
BM16:  Create three management units and set back the exterior agricultural levee along the 
Salt River at two locations to the alignment suggested by the Missouri Department of 
Conservation (MDC). 
Build four segments of low elevation berms (15,000 linear ft. total) and three 6 ft. diameter water 
control structures to divide the area into three parts and allow for targeted habitat management.  
Build 8,600 ft. of levee to setback the existing levee reducing the overall levee length by 5,500 
ft.  Degrade portions of the old levee, reconnecting 280 acres of floodplain. 
  
C1:  Enlarge the external water drainage capacity 
Install three water control structures each with two 8 ft. × 6 ft. openings 
 
D1:  Increase the capacity to drain water from Nose Slough 
Replace two water control structures with structures with 4 ft. × 4 ft. openings 
 
G1:  Plant hard mast producing trees in Horseshoe North East Unit (NE) 
Plant 27 acres of trees at elevations > 453.5 ft. NGVD 
 
H1:  Plant hard mast producing trees in Horseshoe North West Unit (NW) 
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Plant 24 acres of trees at elevations > 453.5 ft. NGVD 
 
M2:  Install a new diesel pump station along the Mississippi River 
Install two 30,000 gpm pumps to meet target water levels in < 30 day 
 
O3:  Construct rock riffles and hard points and relocate the mouth of Deadman’s Slough 
Construct eight hard points and two rock riffles. 
 
P1:  Plant floodplain forest trees in Horseshoe NE 
Plant 171 acres of trees between 452 - 453.49 ft. NGVD 
 
Q1:  Plant floodplain forest trees in Horseshoe NW 
Plant 125 acres of trees between 452 - 453.49 ft. NGVD 
 
The tentatively selected plan is a best buy alternative that yields 1,527 net AAHUs at a cost of 
$1,498.59 per habitat unit.  It best meets the study objectives and has sponsor support from the 
USFWS and the MDC.  Implementation of the tentatively selected plan would increase the 
quality and quantity of wildlife habitat and meet the life requisites for a large variety of native 
floodplain species.  Planting mast-producing hardwood trees and floodplain forest would 
improve the quality and quantity of wildlife habitat by reintroducing mast, providing an 
additional seed source, and providing wind and sun protection for water bodies.  Enhancing 
water level management capability would provide more moist soil habitat, greater vegetation 
diversity, and a reliable food supply.  Enhancing aquatic resources would increase habitat 
complexity and provide spawning and rearing opportunities for a wide variety of aquatic life.  
The project outputs are consistent with the refuge Comprehensive Conservation Plan (2004) 
goals and objectives and support the overall goals and objectives of the Upper Mississippi River 
System-Environmental Management Program (UMRS-EMP), the North American Waterfowl 
Management Plan, and the Partners in Flight Program.   
 
All TSCA project features would be located on Federally-owned lands managed by the Missouri 
Department of Conservation (MDC).  As a result, first cost funding for enhancement features 
would be 100 percent Federal.  Construction costs are estimated at $29,506,000 for the TSCA 
HREP and total Federal cost, including general design, construction management, and 
monitoring is $86,000.  Project operation and maintenance at an estimated average annual cost of 
$56,100 would be accomplished by the cost-sharing project sponsor.
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Figure ES-1.  Ted Shanks Conservation Area Habitat Rehabilitation and Enhancement Project area (2,900 acres) and tentatively selected plan features. 
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1.  INTRODUCTION 
 
1.1.  Location.  The Ted Shanks Conservation Area (TSCA) Habitat Rehabilitation and 
Enhancement Project (HREP) is located on the right descending bank of the Mississippi River, 
adjacent to the town of Ashburn, MO in Pike County.  The project area encompasses part of Ted 
Shanks Conservation Area and the Upper Mississippi River Conservation area.  It lies in Pool 24 
between Upper Mississippi River Miles (RM) 284.5 and 288.5.  The conservation area is 
approximately 6,700 acres (Fig. 1-1). Approximately 3,800 acres of TSCA is Missouri 
Department of Conservation (MDC) owned lands and 2,900 acres is U.S. Army Corps of 
Engineers (USACE) owned lands.  The project area is solely on the USACE owned lands.  It 
consists of approximately 2,900 acres of TSCA and 490 acres of the Upper Mississippi 
Conservation Area (Fig. 1-1, 2-1).  These lands are managed under a cooperative agreement 
between the Department of the Interior, U.S. Fish and Wildlife Service (FWS) and the USACE, 
dated 14 February 1963.  Management of these project lands has been assumed by the Missouri 
Department of Conservation under a successive cooperative agreement.  
 
1.2.  Purpose.  The purpose of this Definite Project Report (DPR) is to present a detailed 
proposal for the rehabilitation and enhancement of the project area.  This report provides 
planning, engineering, and sufficient construction details of the Tentatively Selected Plan to 
allow final design and construction to proceed subsequent to document approval.  The 
Environmental Assessment (EA) for the project is integrated within this DPR, including the draft 
Finding of No Significant Impact (FONSI).  The USFWS serves as the Federal project sponsor.  
The MDC serves as the non-Federal project sponsor. 
 
1.3.  Project Selection.  The MDC nominated the Ted Shanks Habitat Rehabilitation and 
Enhancement Project (HREP) for inclusion in the St. Louis District’s Environmental 
Management Program (EMP).  The River Resources Action Team (RRAT) then ranked the 
project based on critical habitat needs along the Mississippi and Illinois Rivers.  After 
considering resource needs and deficiencies pool by pool, RRAT recommended and supported 
the Ted Shanks (TSCA) HREP because it provides opportunities for significant aquatic, wetland, 
and terrestrial benefits.  The project will provide enhanced management capability for migratory 
birds, fish and wildlife and aid rehabilitation of the altered and invaded habitat.  Development of 
this report was actively coordinated with the project sponsors: USFWS and MDC.  Coordination 
occurred during visits to the project site, team meetings and phone conversations (Appendix A).
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Figure 1-1.  Ted Shanks Conservation Area, interior berms and exterior agricultural levee.  
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1.4.  Scope of Study.  This HREP focuses on proposed project features that would improve 
aquatic, wetland, and floodplain habitat and enhance overall resource values on the 
approximately 2,900 acre USACE owned portion of TSCA.  All project lands are in Federal 
ownership.  The project is consistent with USFWS, HREP, and the St. Louis District’s EMP 
management goals and was planned to benefit primarily migratory birds and secondarily fish and 
other species. 
 
Aerial photography, topographic surveys, bathymetric surveys, fisheries surveys, a 
hydrogeomorphic study and habitat quantification procedures were completed to support the 
planning and assessment of proposed project alternatives.  Soil borings were taken to determine 
soil properties such as gradation, permeability, stability, and consolidation, which are required 
for the design of water control features. 
 
MDC has made wildlife observations within the study area. These observations, along with 
future studies and monitoring, will assist in evaluating project performance. 
 
1.5.  Format of Report.  The DPR is organized to follow a general problem-solving format.  
The purpose and project selection process are presented in Section 1.  Section 2 establishes the 
baseline for existing resources.  Section 3 presents the problems, goals, objectives, and 
constraints of the project.  Section 4 proposes and Section 5 evaluates alternatives for meeting 
the objectives.  Section 6 describes the tentatively selected plan and lists general design and 
construction considerations.  Section 7 proposes the schedule for final design and construction.  
Section 8 contains cost estimates for initial construction and operation and maintenance.  Section 
9 assesses the environmental effects of the tentatively selected plan.  Section 10 describes a plan 
for monitoring performance and evaluating progress.  Section 11 describes real estate 
requirements.  Section 12 summarizes the roles of each sponsoring agency.  Section 13 records 
the coordination effort with local, state, and Federal agencies and comments received through 
public outreach.  Sections 14 and 15 present the conclusions and references.  A Draft Finding of 
No Significant Impact and draft recommendation by the district commander follow.  Figures, 
plates and appendices have been furnished to provide sufficient detail to allow review of the 
existing features and the tentatively selected plan. 
 
1.6.  Authority.  The Upper Mississippi River System – Environmental Management Program 
(UMRS-EMP) is currently a Federal-State partnership designed to (a) plan, construct and 
evaluate measures for fish and wildlife habitat improvement through HREPs and (b) monitor the 
natural resources of the river system through the Long Term Resource Monitoring Program 
(LTRMP).  The Water Resources Development Act (WRDA) of 1986 (P.L. 99-662) states:  
 

To ensure the coordinated development and enhancement of the Upper Mississippi River 
system, it is hereby declared to be the intent of Congress to recognize that system as a 
nationally significant ecosystem and a nationally significant commercial navigation 
system. Congress further recognizes that the system provides a diversity of opportunities 
and experiences.  The system shall be administered and regulated in recognition of its 
several purposes (Section 1103). 
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Elements of the Upper Mississippi River System Environmental Management Program originally 
included HREP, LTRMP, Computerized Inventory and Analysis System, Recreation Projects, 
Economic Impacts of Recreation Study and Navigation Traffic Monitoring.  Currently, EMP is 
only comprised of two elements; HREP and LTRMP which includes the computerized database 
for inventory and analysis.  The other EMP elements either have been successfully completed or 
are now carried out under other authorities. 
 
The original authorizing legislation has been amended three times since its enactment.  The 1990 
WRDA, Section 406, extended the original EMP authorization an additional 5 years to FY 2002, 
which allowed for ramping up of the program.  The 1992 WRDA, Section 107, amended the 
original authorization by allowing limited flexibility in how funds are allocated between HREP 
and the LTRMP.  WRDA 1992 also assigned sole responsibility for operation and maintenance 
of habitat projects to the agency that manages the lands on which the project is located.  The 
1999 WRDA, Section 509, reauthorized EMP as a continuing authority with reports to Congress 
every 6 years and changed the cost sharing percentage from 25 percent to 35 percent.   
 
The authority for this Definite Project Report is provided by the 1985 Supplemental 
Appropriations Act (Public Law 99-88) and Section 1103 of the Water Resources Development 
Act of 1986 (Public Law 99-662).  The proposed project would be funded and constructed under 
this authorization.  The Ted Shanks Conservation Area HREP has no cost sharing requirement 
because all project features are located on Federally owned land managed by the MDC as a 
conservation area. 
 
2.  ASSESSMENT OF EXISTING RESOURCES 
 
Overall, TSCA includes 6,700 acres of primarily river bottomlands along the Missouri bank of 
the Mississippi River.  The Salt River, Mississippi River, and the MDC owned portion of TSCA 
form the boundaries of the project area.  Additional protected areas upstream and downstream of 
TSCA form a network of protected floodplain and upland habitat along the river (Fig. 2-1).  The 
1,320 acre DuPont Forest Natural Area shares the northwest boundary of TSCA.  The Missouri 
Department of Conservation manages TSCA to provide habitat for waterfowl and other birds.  
 
2.1.  Historic and Cultural Resources.  Some lands adjacent to the Mississippi River vicinity 
are rich in prehistoric archaeological sites representing many cultural traditions and stages.  
Archaeological sites may be abundant on the broad floodplain as well as on tributary floodplains 
and surrounding uplands.  Potentially the entire prehistoric cultural sequence may be present: 
Paleo-Indian (10,000–8000 B.C.), Dalton (8,000–7,000 B.C), Early Archaic (7,000–5,000 B.C.), 
Middle Archaic (5,000–3,000 B.C.), Late Archaic (3,000–1,000 B.C.), Early Woodland (1,000– 
200 B.C.), Middle Woodland (200 B.C.–A.D. 400), and Late Woodland (A.D. 400–900), 
Mississippian (A.D. 900–1350).  The most numerous archaeological sites were occupied during 
the Hopewell-influenced Middle Woodland, Late Woodland, and Mississippian periods (Rusch 
et al. 1999:234).  However, predictive modeling by Saunders and Donham (1983) indicated an 
extremely low likelihood of identifying any prehistoric sites in the specific micro-region of the 
Salt River Lowlands.   
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Figure 2-1.  Ted Shanks Conservation Area and other protected areas in the vicinity.  
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The TSCA HREP is on the Tributary Fan Landform Sediment Assemblage, which encompasses 
major tributary rivers on the Mississippi floodplain, such as the Salt River and the lower reaches 
of the tributary valleys (Bettis et al. 1996:14).  Deposits range in age from Early Holocene to 
recent (7500 B.C. to about A. D. 1700) (Bettis et al. 1996:15, 39) or from about the Early 
Archaic to the historic period.  Along the Mississippi River, archaeological sites are more likely 
to be visible on the ground surface in areas north of the mouths of tributaries, such as the Salt 
River, than in areas south of the tributary mouths where archaeological sites are more likely to be 
buried (Bettis et al.1996:15).  The TSCA HREP is north of the Salt River mouth; therefore, 
archaeological sites, if present, are likely to be visible on the surface (absent recent silt 
deposition). 
 
During the historic period, a number of Native American tribes passed through the project 
vicinity and remained for varying lengths of time.  The project area is encompassed within the 
land area judicially established by a finding of the Indian Claims Commission as the aboriginal 
territory of the Sac and Fox (USGS n.d.).  While nearby Mark Twain Lake is also within the 
adjudicated land of the Sac and Fox, some twenty additional Native American tribes officially 
wish to be consulted on matters concerning prehistoric and historic Indian sites, as well as Native 
American human remains if they are encountered.  The same tribes, which include the Sac and 
Fox, have been contacted to determine if they attach importance to the Ted Shanks project area. 
 
The TSCA HREP area was part of the land grant to Francois Saucier near the mouth of the Salt 
River in 1799 (MDC 1973:A-01-01).  Salt furnaces operated on the land south of the area during 
the late 1700s to the early 1800s (MDC 1973: A-01-02), but no improvements are shown on the 
reproduced 1816 General Land Office plat (MDC 1973: A-01-01).  Settlers were moving into the 
Salt River country by 1819 (MDC 1973: A-01-02).  In 1842 Mundys Landing was established on 
the Mississippi River in the vicinity of the DuPont River Access (Mississippi River Commission 
1881: Plate 126, MDC 1973: A-01-02), north of the Ted Shanks project area.  After the St. 
Louis, Keokuk and Northwestern Railroad came through the area in 1875, the Village of 
Ashburn was established northwest of the project area (MDC 1973: A-01-02).  The 1870s 
Mississippi River map shows the railroad west of the project area.  No other cultural features, 
such as houses, roads or extensive agricultural fields, are depicted in the Ted Shanks project area 
(Mississippi River Commission 1881: Plate 126).  A dynamite plant, built and operated from 
about 1893 until 1932 in Ashburn (northwest of the project area), was the largest employer in the 
area (MDC 1973: A-01-02 to A-01-03).  In the mid 1930s the Conservation Commission was 
formed, and the process of setting land aside for wildlife management began north of Ashburn 
and the project area (MDC 1973: A-01-03).  The Ted Shanks Conservation Area was developed 
in the early 1970s (MDC 1973: 0-00-01). 
 
2.1.1.  Surveys.  In accordance with the National Historic Preservation Act, a search of the 
Missouri State Historic Preservation Office did not yield any sites recorded in the project area.  
Two archaeological surveys have been conducted in the Ted Shanks Conservation Area.  In 1992 
David Browman of Washington University conducted a Phase I cultural resources survey of a 5-
acre river-access project along the Salt River on the northern section of the project area 
(Browman 1992).  In 2002, after tree berm construction in the Ted Shanks Conservation Area, an 
USACE St. Louis District archaeologist conducted a pedestrian survey.  No cultural material was 
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reported, and no disturbance of buried cultural deposits (if present) was expected from tree 
planting (Marino 2002).  Immediately outside the project area, a cultural resources shoreline 
survey was conducted along Blackburn Island in 1985 and no cultural resources were identified 
(Pulcher et al. 1985).  Little archaeological investigation has been conducted along the 
Mississippi River in the general project vicinity and few archaeological sites have been reported 
(Rusch et al. 1999:233).   
   
2.2.  Natural Resources. 
Natural Resource History - Ted Shanks Conservation Area, including the project area, is in the 
alluvial floodplain of the Mississippi and Salt Rivers (MDC 1973).  Historically, TSCA 
contained the largest single tract of bottomland hardwoods (BLH) along the Mississippi River 
north of St. Louis (Heitmeyer 2008).  BLH dominated the high areas, transitioning to water 
tolerant trees, scrub/shrub and then aquatic plants with decreasing elevation.  There was also at 
least one area of wet prairie in the northern section of TSCA (Fig. 2-2).  The Mississippi and Salt 
Rivers flooded the area frequently, filling and creating wetlands and providing nutrients for 
terrestrial vegetation (MDC 1973).  The landform of the project area has been shaped in the 
northwest by the Salt River tributary fan, in the southwest by Salt River erosional and 
depositional forces and in the northeast by Mississippi River erosional and depositional patterns 
(Heitmeyer 2008).   
 
The area began to change with human settlement.  It appears that land clearing, farming, and 
grazing began at TSCA around 1863.  In 1916 the Riverlands Levee District was created, and by 
1920 the exterior agricultural levee along the Mississippi and Salt River was built providing an 
approximately 50 year level of protection (MDC 1973) (Fig. 1-1).  In addition, a drainage ditch, 
Three Mile Ditch, was cut through the center of the southern part of TSCA (Fig. 1-1).  
Subsequently, the northern part of TSCA was cleared and farmed (Heitmeyer 2008).  The 
proposed project area remained timbered but was subject to fire, grazing and cutting.  The 
authorization of the 9 ft. navigation channel led to the design and construction of a system of 
locks and dams including Lock and Dam 24 finished in 1940.  The locks and dams raised the 
water table in the area as much as seven feet.  To prevent flood damage and reduce flooding 
effects from this rise, the U.S. Army Corps of Engineers (USACE) purchased the Riverlands 
Tract of TSCA in the late 1930s.  MDC took over management of this property in 1954.  In 1970 
and 71, the Missouri Department of Conservation purchased the northern portion of TSCA 
because it was utilized by large numbers of waterfowl.  In the late 1970s, Mark Twain Reservoir 
was constructed upstream of TSCA to regulate flows on the Salt River.  This eliminated 
overbank flows in the Salt River except for backwater flooding from the Mississippi River.  
Upon MDC’s completion of land acquisition for TSCA, a Design Criteria and Preliminary Plan 
for the entire site was completed in 1973.  The purpose of this plan was to develop a habitat more 
suited for waterfowl and shorebirds (MDC 1973).  Construction of the interior berms, 45 water 
control structures, 2 pump stations and other physical facilities occurred from 1975 to 1978 (Fig. 
1-1).  Berm construction created two management units within the project area Nose Slough Unit 
in the upper northwest and Horseshoe Unit encompassing the remainder of the leveed area (Fig. 
1-1).   After construction completion, MDC managed water levels at TSCA by flooding the area 
to full pool, 453.3 ft. National Geodetic Vertical Datum (NGVD), beginning in October.  Full 
pool was reached by December resulting in approximately 1,500 flooded acres.   
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Figure 2-2.  Historic maps and images of the project area.   
 
Site records and hydraulic analysis indicate that four floods, 1973, 1993, 2001 and 2008, overtopped the levee and inundated the 
interior of TSCA (Table 2.1) (Fig. 2-3).  At least one more flood, 1995, has breached the TSCA levee.  Once flood waters fill the 
interior, they must drain through levee breaches and the existing water control structures.  Without a levee breach, the majority of 
drainage cannot occur until the water surface outside the levee drops below 456 ft.  This drainage problem is due to the entire project 
area draining through a pump station and one 42 in. corrugated metal pipe at the end of Three Mile Ditch with an invert of 449.2 ft..  
This results in the interior of TSCA being flooded longer than the exterior.   
 
Table 2-1.  Historic floods that have overtopped the Ted Shanks exterior levee, the approximate overtopping dates and the date that the flood 
receded to a water surface elevation of 456 ft. 

Historic Flood 
Year 

Overtopping Date 
    Start                           End 

Exterior Water 
Level at 456 Days Inundated 

1973 24 April 30 April 12 June 51 
1993 1 July 7 August 2 October 94 
2001 16 May 19 May 12 June 28 
2008 16 June 2 July 31 July 46 

 

 

 
 

1930 Aerial Imagery - pre dam 1890 Mississippi River Commission Map 

2007 Aerial Imagery 1995 Aerial Imagery - post dam 
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Figure 2-3.  Aerial infrared photo of the inundated Ted Shanks Conservation Area during the 2008 
flood. 
 
All of the factors discussed above have led to considerable habitat changes throughout the years.  
Under MDC management, the previously farmed upper part of TSCA has become a complex of 
farmland, food plots, and moist soil management units.  The USACE owned portion of the site 
remained forested after MDC took over management.  This forest was affected by occasional and 
sometimes severe fires and very rare timber harvests.  The completion of Lock and Dam 24 in 
1940 raised the water table several feet (Low 2003).  This resulted in many low areas holding 
water longer and an increase in size of existing water bodies (Fig. 2-2).  With the completion of 
MDC’s site improvements in 1978, water level management involved fall flooding before the 
end of the growing season and late winter drainage.  Thus, the project area was managed like a 
greentree reservoir.  The elevated water table and water level management stressed the area’s 
forests, decreasing seed production and new tree germination.  However, the mature trees were, 
for the most part, able to persist.  These trees used so much water that they lowered the water 
table.  One acre of mature trees can use 160,000 - 800,000 gallons of water per year (Vose et. al 
2003).  The flood of 1993 inundated the interior of TSCA and the area could not be drained until 
the Mississippi fell below flood stage.  This caused the interior of the site to become a pond 
throughout most of the growing season (Fig. 2-3).  In the following years, the vast majority of 
the remaining trees inside the levee (10,000 +) died (Fig. 2-2, 2-4, 2-5).  Interestingly, the trees 
outside the levee along the oxbows and on Angle and Blackburn Island survived (Fig. 2-5).  As 
flood waters receded these areas drained immediately while the area inside the levee took 10 – 
20 days longer to drain (Heitmeyer 2008).  Without the trees, the water table at the site rose.  
Combined with subsequent flooding and wet weather, ideal conditions for reed canary grass were 
created.  The grass invaded forming dense single species stands in most of the previously 
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forested areas (Low 2003).  Reed canary grass is a cool-season grass that aggressively spreads in 
disturbed wetland and forms a thick sod layer.  The grass provides little wildlife benefit and 
prevents other plant species from establishing.  This adversely affects habitat quality for area 
wildlife.  In an effort to manage the reed canary grass, MDC cleared the dead trees (Fig. 2-4), 
and planted winter wheat.  Winter wheat may put chemicals in the soil that inhibit or slow reed 
canary grass growth.  MDC continues to cultivate the project area to control reed canary grass.  
The thick reed canary grass and elevated water table prevent new trees from germinating.     
 
Resource Significance - The Mississippi River represents the largest riverine ecosystem in North 
America and the third largest in the world.  The Upper Mississippi River System (UMRS) 
stretches from St. Paul, MN to Cairo, IL and encompasses over 2.6 million acres of aquatic, 
wetland, forest, grassland, and agricultural habitats, supporting more than 300 species of birds; 
57 species of mammals; 45 species of amphibians and reptiles; 150 species of fish; and nearly 50 
species of mussels.  More than 40 percent of North America’s migratory waterfowl and 
shorebirds depend on the food resources and other life requisites (shelter, nesting habitats, etc.) 
that the system provides.  The importance of these resources was recognized by Congress in 
WRDA 1986 by their declaration of the UMRS as a “nationally significant ecosystem”, as noted 
in Section 1.6 of this DPR.  Institutional recognition of this resource’s significance was further 
recognized by Congress’ initial and continued authorization of the Environmental Management 
Program for the planning, construction, and evaluation of measures for rehabilitation and 
enhancement of fish and wildlife habitat in the UMRS.  Additionally, the National Research 
Council recognized the ecological significance of large floodplain rivers and identified the 
Mississippi and Illinois Rivers as examples of two such rivers in the U.S. that could become 
healthy again with proper management and restoration. 

  

 

A. B. 

C. 
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Figure 2-4.  Change in the forested area at Ted Shanks Conservation Area after the 1993 flood.  Photo A 
depicts forested cover prior to 1993 while B. and C. depict forested cover after. 
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Figure 2-5.  2000 Land cover for Ted Shanks Conservation Area including the project area. 
This figure was produced by Zach Fratto, Southeast Missouri State University. 
 
2.2.1.  Floodplain Habitat.  Seventy-five percent of the project area is protected by the agricultural levee built for the Riverlands Levee District in 1920 (Fig. 1-1).  
Historically, the project area was a complex of floodplain forest and backwaters (Fig. 2-2).  Construction of Lock and Dam 24, greentree reservoir water level management, and 
the flood of 1993 killed most of the trees (Fig 2-4).  The leveed portion of the project area has converted to isolated forest, scrub shrub wetlands, and wet meadow invaded by 
reed canary grass (Fig. 2-4 & 2-5).  The unprotected portion of the project area remains forested.   
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Forest -  Forests are declining in the Mississippi and Illinois River floodplains due to agricultural 
and urban development, alteration of natural riverine flood pulses, rising water tables, and island 
loss due to wind and wave action.  Robertson et al. (1984) estimates that over 95% of lowland 
forest in Missouri has been converted to other habitat types.  The remaining forests are changing 
in composition from high species diversity (including mast producing trees) to a more monotypic 
forest dominated by silver maple and even-aged stands with little to no understory or 
regeneration of seedlings.  This is evident at TSCA.  The 1973 Design Plan indicates a large 
variety of tree species, few of which remain.  Tree species in 1973 include: 
 
Cottonwood 
Silver Maple 
Pin Oak 
Pecan 

Hickory species 
Hackberry 
Sycamore 
Elm species 

River Birch 
Hawthorne 
Honey Locust 
Walnut 

Box Elder 
Kentucky Coffee 
Persimmon 
Possomhaw

After 1993, about 100 acres of forest remained in the 2,900 acre project area inside the TSCA 
levee.  The diversity of species within these areas is likely lower than the 1973 forests.  The 
remaining forested portions of the site are along the levee and scattered in the northeast corner of 
the project area.  The elevation in these areas is generally higher and the soils have better 
drainage.  Silver maple, cottonwood and sycamore are the dominant tree species with a few hard 
mast trees interspersed.  Some of the highest quality oak and hickories are found on the exterior 
agricultural levee.  The areas that have converted to reed canary grass dominated wet meadow 
contain sporadic silver maple, pecan, and persimmon.  At the present time, reed canary grass 
prevents natural regeneration.   
 
Wetlands - The 2006 Natural Resources Conservation Service soil survey indicates most of the 
soil in the project area is hydric.  In combination with the artificial and natural flooding and 
predominance of reed canary grass, it is likely that the entire 2,900 acres, with the exception of 
the natural and manmade levees, is a wetland.   
 
Missouri plants of concern - Missouri maintains a list of species of conservation concern within 
the state (MNHP 2010).  A list of plants of concern for Pike County was acquired (Table 2-2). 
Site managers provided input on species that occurred on the site and could be disturbed.  These 
are discussed below.  Information about the other listed species can be found on the Missouri 
Natural Heritage Program website (MNHP 2010).  Species on the MNHP list are critically 
imperiled (S1), imperiled (S2), and vulnerable (S3).  In addition to the MNHP list, the Wildlife 
Code of Missouri can add an additional classification of endangered.   
 
Coontail (Ceratophyllum echinatum) – This species is endemic to North American and more 
common in the eastern states.  This species prefers somewhat acidic clear water (FNAC 1997).  
It is often found in sites that experience some drying such as shrub swamps and beaver ponds.  It 
rarely coexists with the more common coontail which can be considered a serious weed.  The 
species is becoming rarer potentially due to habitat alteration, destruction, or invasion by non-
native species (FNAC 1997).   
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Table 2-2.  Plants listed on the Missouri Natural Heritage Program (MNHP) 2007 Species of 
Conservation Concern List and/or the Wildlife Code of Missouri for Pike County.   

MNHP Code Wildlife Code Common Name Scientific Name 
S1  Coontail 2, 3 Ceratophyllum echinatum 
S1 Endangered Decurrent False Aster 1 Boltonia decurrens 
S1  Large Seeded Mercury Acalypha deamii 
S2  Rose Turtlehead Chelone obliqua var. speciosa 
S2  Wild Sarsaparilla Aralia nudicaulis 
S3  Horned Pondweed Zannichellia palustris var. major 
1 Species are also Federally listed 3 Species that may be affected by the project 
2 Species that occur or may occur in the project area 
 
2.2.2.  Geology and Soils.  In most areas north of St. Louis, the Mississippi River flows along 
the western bluffs (Heitmeyer 2008).  At the junction of the Salt and Mississippi Rivers, the 
Mississippi is approximately 3 miles away from the bluffs due to the Salt River tributary fan.  
This tributary fan encompasses the western half of the project area.  The tributary fan is 
comprised of ridges and swales created by historically recent meandering of the Salt River 
(Heitmeyer 2008).  Additionally, the western edge of the project area contains several 
infrequently connected Salt River oxbows that were connected within the past 200 years (Fig. 2-
2).  The eastern portion of the project area was deposited and shaped more recently by the 
Mississippi River.  Flooding and movement of the Mississippi River has created a ridge and 
swale topography in this area (Heitmeyer 2008). 
 
Soils - The soil in the project area has been characterized by the Natural Resource Conservation 
Service, Missouri as Blackoar silt loam, Chequest silty clay loam, Moniteau silt loam, and 
Dockery silt loam (Fig. 2-6) (NRCS 2006).  Found in floodplains, these soils are deposited by 
flowing water (Love 1997).  The soil is characterized by moderate permeability and poor 
drainage.  The soil deposits range in thickness from 20 to 30 ft., being shallower near the 
Mississippi and deeper near the Salt River (Love 1997).  Occasional sand inclusions are found at 
less than 10 ft.  Beneath these soils are glacially deposited sand and gravel.  Seismic studies 
conducted by the United States Geological Survey and the Missouri Geological Survey show the 
alluvium above the bedrock to be between 100 and 120 ft. in thickness (MDC 1973).  All of the 
soils are identified as potential cropland, but above average management practices are considered 
necessary (MDC 1973). 
 
Soil borings were made at a variety of locations by the Missouri Department of Conservation 
prior to the construction at TSCA (MDC 1973).  Additional soil borings were collected in 2008 – 
09 by the USACE.  These borings confirm that clay and silt occur as the top soil.  Additional soil 
information can be found in Appendix G.   
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Figure 2-6.  Soils data for Ted Shanks Conservation Area from the Natural Resources Conservation 
Service Soil Survey geographic database. 
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2.2.3.  Wildlife.  Ted Shanks Conservation Area and other floodplain conservation areas provide 
mid-migration habitat for the Mississippi Flyway, one of the major flight corridors in North 
America for migratory birds.  The Mississippi River and floodplain are the center of this flyway.  
This mid-migration habitat is recognized in the North American Waterfowl Management Plan as 
a habitat of major concern.  About 20 species of ducks and geese stop during fall and spring 
migrations to rest, feed and seek sanctuary in the wetlands and deepwater habitats of Pools 24, 
25 and 26 and adjacent floodplain (Havera 1985).  In addition, approximately 285 species of 
birds including song birds, shorebirds and gulls, waterfowl, herons and egrets, and vultures and 
hawks are known to use or probably use the floodplain habitats of Pools 24 (Terpening et al. 
1975).   
 
On TSCA, the mallard is the most abundant duck with the wood duck a close second.  The 
project area is important for wood duck nesting and brooding.  Numerous reptiles, amphibians 
and mussels likely inhabit TSCA.  Approximately 50 species of mammals may inhabit the 
project area (Terpening et al. 1975).  Common species include opossum, raccoon, muskrat, mink, 
beaver, white-tailed deer and a variety of bats and mice.  River otter are known to utilize the site. 
 
Missouri wildlife of concern - Numerous wildlife species are on the MNHP 2007 Species of 
Conservation Concern List (Table 2-3).  Missouri Department of Conservation staff have added 
additional listed species that occur within or adjacent to the project area but are not listed for the 
county.  Additional species were added from the annual narratives done by site staff from 1980 – 
88.  Species on the MNHP list are critically imperiled (S1), imperiled (S2), and vulnerable (S3).  
The Wildlife Code of Missouri can add an additional classification of endangered.   
 
The habits of the state listed species that could be affected by the project are discussed below.  
Federally listed species are discussed in the Biological Assessment, Section 9.3.  Information 
about the other species listed above can be found on the Missouri Natural Heritage Program 
website (MNHP 2010).   
 
Flat floater - The flat floater (Anodonta suborbiculata) is a mussel species found within the 
wetland units of TSCA.  It is a large, thin-shelled, fast-growing, short-lived mussel that does 
especially well in wetlands and seasonally flooded areas.  While they can grow to 8 or 9 inches 
across, they rarely live longer than 5 or 6 years.  Most individuals do not live this long because 
of wetland drying periods.  In many cases, the population temporarily declines when water 
bodies dry out.  However, the population tends to rebound quickly (MDC pers. comm.).   
 
American Bittern (Botaurus lentiginosus) – TSCA rare breeder  
King Rail (Rallus elegans) – TSCA occasional breeder 
Sora (Porzana carolina) – TSCA annual migrant 
Least Bittern (Ixobrychus exilis) – TSCA annual migrant 
These birds all have similar habitats occupying emergent vegetation along wetland borders or in 
flooded areas.  They seem to prefer cattail, bulrush, and sedge.  The Least Bittern can also be 
found in buttonbush.  Nests are built in this vegetation at varying heights above the water 
surface.  They forage on a variety of aquatic invertebrates: snails, seeds, mollusks, and small fish 
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(Jacobs 2003; MNHP 2010).  Notes kept by site staff from 1980-88 were used to determine the 
presence of these species. 
 
Table 2-3.  Animals listed on the Missouri Natural Heritage Program (MNHP) 2007 Species of 
Conservation Concern List and/or the Wildlife Code of Missouri. 

MNHP Code Wildlife Code Common Name Scientific Name 
Insects 

S3  Gilded River Cruiser Macromia pacifica 
S3  Regal Fritillary Speyeria idalia 

Mussels 
S1 Endangered Ebonyshell 1, 4 Fusconaia ebena 
S1 Endangered Fat Pocketbook 1, 4  Potamilus capax 
S2  Flat Floater 2, 3 Anodonta suborbiculata 
S2   Black Sandshell 4 Ligumia recta 
S3  Rock Pocketbook 4 Arcidens confragosus 
S3  Hickorynut 4 Obovaria olivaria  
S3  Wartyback 4 Quadrula nodulata 
S3   Spectaclecase 1, 4 Cumberlandia monodonta 

Birds 
S1 Endangered American Bittern 2, 3 Botaurus lentiginosus 
S1 Endangered King Rail 2, 3 Rallus elegans 
S2  Common Moorhen Gallinula chloropus 
S2  Sora 2, 3 Porzana carolina 
S2  Virginia Rail Rallus limicola 
S3  Least Bittern 2, 3 Ixobrychus exilis 
S3  Little Blue Heron Egretta caerulea 
S3  Marsh Wren Cistothorus palustris 
S3  Mississippi Kite 2 Ictinia mississippiensis 
S3  Sharp-shinned Hawk 2 Accipiter striatus 
S2 Endangered Northern Harrier 2 Circus cyaneus 
S2 Endangered Snowy Egret 2 Egretta thula 
S3  Great Egret 4 Ardea alba 
S3  Black-crowned Night Heron 4 Nycticorax nycticorax 

Mammals 
S1 Endangered Indiana Bat 1, 2, 3 Myotis sodalis 
S3 Endangered Gray Bat 1 Myotis grisescens 
1 Species are also Federally listed 3 Species that may be affected by the project 
2 Species that occur or may occur in the project area 4 Species found adjacent to the project area 
 
2.2.4.  Aquatic Resources.  Aquatic features on or adjacent to TSCA include the main channels 
of the two rivers, side channels, backwater lakes, sloughs, wetlands and sand and mud flats.  The 
Mississippi River adjacent to TSCA is controlled by Lock and Dam 24 and managed on a hinge 
point system to achieve a pool elevation of 450 ft. NGVD at the lock and dam.  This hinge point 
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control results in Mississippi water levels adjacent to TSCA being maintained at or above 448.8 
ft. NGVD.  Site managers have never seen the water elevation of the interior water bodies in the 
project area fall below 448.8 ft. NGVD.  The flow of the Salt River adjacent to TSCA is 
controlled by releases from Mark Twain Reservoir.  These sporadic releases with a design range 
from 50 cubic feet per second (cfs) minimum to 12,000 cfs maximum (bank full) have essentially 
eliminated overbank flooding on the Salt River except during severe flood events.  The 2010 
proposed Water Control Plan for Mark Twain Lake does not change the design range minimum 
and maximum. 
 
Annually, the Horseshoe Management Unit within the project area is flooded to a full pool 
elevation of 453.3 ft. NGVD and drained in the spring to an elevation of 450.0 ft. NGVD.  With 
the exception of the manmade Three Mile Ditch, all water features within the project area are 
remnant channels of the Salt and Mississippi River.  Named water features within the project 
area are described below and shown in Figure 2-7: 
 
• Rainbow Lake is 10 acres with depths ranging from 4 – 6 ft.  There is very little vegetation.  It 

may go completely dry in some years. 
 
• Flag Lake is 60 acres and 2 – 4 ft. deep with little habitat for fish.  It may go completely dry 

in some years. 
 
• Horseshoe Lake is 70 acres.  The depth of Horseshoe Lake was surveyed by MDC in 2009.  

The lake had maximum depths of 7 - 8 ft., although most of the lake is 4 ft. or less.  Habitat 
and fish populations are both regarded as “poor” by TSCA staff and fisherman, but the lake 
does hold water year round.   

 
• Three Mile Ditch is a manmade 25 acre linear water way.  It was constructed to drain the 

interior of the levee district.  The southern end of the ditch drains into Deadman’s Slough 
through a 42 in. water control structure.  The depth of Three Mile Ditch was surveyed by the 
USACE in 2007.  The ditch was 6 – 8 ft. deep when the water surface was at 452.55 NGVD.  
The ditch does not dry out, but fish habitat and populations are regarded as “poor” by TSCA 
staff and fishermen. 

 
• Deadman’s Slough is 50 acres.  A depth survey conducted by the USACE in 2007 indicated 

that the slough had 4 – 6 ft. of depth throughout.  Depth increases near the outlet of the Ted 
Shanks water control structure.  The slough has a silt plug at the upstream end, but flows 
during higher river levels.  Fish habitat and populations are regarded as “poor” by TSCA staff 
and fisherman. 

 
• Reiniking Slough is a 30 acre backwater slough of the Salt River.  Historic maps indicate that 

the slough was once the main channel of the river (Fig. 2-2).  However, there is now a 
sediment plug in the lower end of the slough and the upper end is forested.  Therefore, it is 
only connected to the river during periods of high water and goes dry in some years.  Site 
managers believe the slough provides “poor” aquatic habitat for fish. 
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Figure 2-7.  Named water bodies within and adjacent to the Ted Shanks HREP area. 
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2.2.5.  Water Quality.  Flooding has had the greatest impact on TSCA.  Many of the sloughs 
and backwaters have lost depth.  With tree mortality, area water bodies have higher sun and wind 
exposure resulting in elevated temperature and turbidity.  Oxygen depletion, exacerbated by 
elevated temperatures, has caused fish kills in some sloughs in both winter and summer.  Water 
turbidity in the project area, as measured by secchi disc readings, is generally several inches to 
two feet.  The highest turbidity levels generally occur in spring and the lowest levels during fall 
and winter. 
 
The Mississippi River is listed on the 2008 final 303(d) list for Missouri because it exceeds the 
total maximum daily load for lead, zinc, and mercury (MDNR 2008).  The Salt River below 
Mark Twain Lake is not listed.  Water quality in Mark Twain Lake and above is listed due to 
mercury pollution and low dissolved oxygen (USEPA 2002, MDNR 2008). 
 
2.2.6.  Fisheries.  When water is present, all of the water bodies may hold fish.  The water 
bodies in the project interior are isolated from the river.  There is no movement of fish between 
the river and interior water bodies except during flood years.  In 1971, the fisheries in Horseshoe 
Lake and Three Mile Ditch were sampled (Table 2-4).  Because of the age, these samples likely 
no longer represent the fish community.  However, the samples provide a picture of the fish 
community that the water bodies could support.  Currently, largemouth bass, bluegill, crappie, 
channel catfish, yellow bass, buffalo, gizzard shad and Asian carp are known to inhabit the area.   
 
Table 2-4.  Fish species captured in Horseshoe Lake and Three Mile Ditch during one day of sampling in 
1971.  Gears used in Horseshoe Lake were electrofishing, gill, and trammel nets.  Three Mile Ditch was 
sampled using electrofishing only. 

 

Black Bass 

Bigm
outh 

Buffalo 

Bluegill 

Bow
fin 

Black B
ullhead 

C
arp 

C
arpsucker 

D
rum

 

G
izzard Shad 

Longnose G
ar 

W
hite Bass 

W
hite C

rappie 

Location Number of fish captured 
Horseshoe Lake 2 43 21 15 5 40 2 2 124 8 1 51 
Three Mile Ditch 5 8 23 2  16 - - 22 4  16 

 
Missouri fish of concern - Numerous fish are listed on the MNHP 2007 Species of Conservation 
Concern List and the Wildlife Code of Missouri for Pike County (Table 2-5).  Missouri 
Department of Conservation staff added the lake sturgeon which was released within the project 
area but is not listed for the county.  State and Federal endangerment is determined separately 
from MNHP codes.  Species on the MNHP list are critically imperiled (S1), imperiled (S2), or 
vulnerable (S3).   
 
Species which may be affected by the project are discussed below.  Information about the other 
listed species can be found on the Missouri Natural Heritage Program website (MNHP 2010).   
 
Lake Sturgeon – In 2000, Lake Sturgeon were reintroduced into Horseshoe Lake.  However, 
these fish have not been found since 2002.  It is believed that they migrated off the site during a 
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flood event (Heitmeyer 2008).  This large long-lived fish prefers warm water habitat and feeds 
on small invertebrates: crayfish, snails, clams, and leeches.   
 
Table 2-5.  The fish listed on the Missouri Natural Heritage Program (MNHP) 2007 Species of 
Conservation Concern List and/or the Wildlife Code of Missouri.   

MNHP Code Wildlife Code Common Name Scientific Name 
S1 Endangered Lake Sturgeon 2, 3 Acipenser fulvescens 
S2  Ghost Shiner 4 Notropis buchanani 
S2  Western Sand Darter 4 Ammocrypta clara 
S3  River Darter 4 Percina shumardi 
S3  Silver Chub 4 Macrhybopsis storeriana 
S3   Blue Sucker 4 Cycleptus elongatus 
S3   Mooneye 4  Hiodon tergisus 
S3/S4   Mississippi Silvery Minnow 4 Hybognathus nuchalis 
S3   Paddlefish 4  Polyodon spathula 
1 Species are also Federally listed 3 Species that may be affected by the project 
2 Species that occur or may occur in the project area 4 Species found adjacent to the project area 
 
2.3.  Hazardous, Toxic and Radioactive Waste.   
In accordance with the Resource Conservation and Recovery Act and the Comprehensive 
Environmental Response, Compensation, and Liability Act, a Phase I Environmental Site 
Assessment was performed in general conformance with ASTM practices E 1527-00 and E 
1528-00, ER 1165-2-132, and MVD DIVR 1165-2-9 for the TSCA HREP on December 19, 
2007 (Appendix F).   The project is located in a rural area primarily consisting of a few 
residential properties among cropland.  There is little evidence that the land has been used for 
other purposes.  There were no obvious indications of potential contamination sources or 
migration pathways from surrounding properties.  No recognizable environmental conditions 
(REC) in connection with this property were identified.  It does not appear that there is a risk of 
HTRW contamination within the project area.  Appendix F provides additional details on the 
compliance assessment.   
 
2.4.  Socioeconomic Resources and Human Use. 
Human use and socioeconomic resources prior to the existence of TSCA are discussed in Section 
2.1.  From the point MDC took over management, TSCA has been used primarily for hunting, 
fishing, bird watching and other recreational pursuits.  When MDC took over management in the 
1950s, they constructed roads and boat ramps providing greater access.  After 1970, MDC began 
to enhance waterfowl and shorebird habitat by manipulating water levels and planting food plots 
across the site.  These actions improved hunting and bird watching opportunities.  A survey 
conducted by MDC in 1987 found that 2,910 hunters visited Ted Shanks spending approximately 
$130 per person (MDC 1987).  Annual hunter surveys indicate that hunter visitation in the late 
90s after the 1993 flood had declined by half.  Although no records exist, other recreational uses 
have also likely declined due to the degraded condition of the site. 
 
Pike County and the area surrounding Ted Shanks have an unemployment rate of 8.4% with an 
average wage of $24,500 in 2003.  Over 10% of the workforce in the area is in the construction 
industry. 
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3.  PROBLEMS AND OBJECTIVES 
 
3.1.  Problem Identification.  The existing habitat conditions, future habitat needs and proposed 
general actions required for habitat restoration on the UMRS are addressed in the UMRS Habitat 
Needs Assessment (HNA) Report (Theiling et al. 2000).  That report estimates that there is a 
need to create or restore 5,000 acres of isolated backwater habitat along the lower impounded 
reach of the Upper Mississippi River.  The extent and quality of bottomland forests, wetlands, 
and wet prairie along the UMRS have been steadily declining due to past and ongoing pressure 
from human development of the floodplain resulting in hydrologic alteration of the UMRS and 
its basin tributaries (USACE 2008).   
 
Historically, TSCA was a stop for thousands of migratory birds.  It also provided high quality 
habitat for a diversity of plant and animal species.  In the early 1900s, people settled in the area 
and began converting and altering the habitat by cutting trees, building levees and digging a large 
drainage ditch (Three Mile Ditch) through the center of TSCA.  In the 1940s the habitat was 
further affected by the closure of Lock and Dam 24 (LD 24), which raised the ground water 
elevation up to 7 ft.  In the 1970s, MDC began managing the project area like a greentree 
reservoir, flooding the forests in October and removing this water in the spring.  The increased 
ground water elevation and water level management stressed TSCA’s trees.  However, the 
project area remained forested due to transpiration of the mature forest which used enough water 
to lower the groundwater level in the project area.  In 1993, the forest was severely altered.  The 
1993 flood covered TSCA for much of the growing season.  The interior flooding was 
exacerbated by inadequate drainage which ponded floodwater on the project area.  Since 1993, 
the majority of the project area’s forests have died and have converted to marshlands and wet 
meadows dominated by invasive reed canary grass.  The inadequate water drainage capacity, 
reed canary grass, and elevated water table prevent successful restoration of the site.   
 
Specifically at Ted Shanks problems include: 
• Elevated groundwater table caused by LD 24 closure and exacerbated by forest death 
• Deterioration of exterior agricultural levee 
• Ponding of floodwaters in the project area’s interior causing: 

Habitat conversion to wet meadows dominated by invasive reed canary grass  
Death of bottomland forest and lack of regeneration or colonization 
Loss of wetland diversity 

 Habitat conversion and decline has resulted in reduction of migratory bird 
species utilizing TSCA. 

• Lack of aquatic habitat diversity 
• Colonization of area lakes by non-native invasive fish 
• Sedimentation in Deadman’s Slough 

 
3.2.  Goals and Objectives.  Water level management is important at TSCA because the historic 
summer low flows no longer occur with pool management.  The Missouri Department of 
Conservation took over management of the project area in 1954.  In 1973, MDC published 
Design Criteria and Preliminary Plan for the area identifying creation and maintenance of habitat 
for migratory birds, primarily waterfowl, as the primary purpose of TSCA.  This remains the 
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management goal to this day.  To do this, the pumps and water control structures are operated 
similarly to the historic UMRS hydrologic regime.  This regime is characterized by a spring 
flood pulse, a period of low flow and low water levels during the summer months and a smaller 
flood pulse in the fall.  In the late spring and summer, water levels throughout the area are 
lowered by gravity drainage.  This exposes mudflats where the soils are stabilized by drying and 
compaction and are colonized by moist soil plants providing habitat for many terrestrial species.  
In the fall, pumping slowly increases water levels to provide protected resting and feeding areas 
(flooded moist soil plants and food plots).  As the water level begins to rise, the summer's 
production of seeds and tubers becomes available to dabbling ducks, such as mallard and teal.  
These birds prefer to dabble for food in shallow water.  Later migrants benefit from the slow 
advance of waters as new areas of food become available.  If the water rose suddenly, or 
remained static, the early migrants would quickly exhaust the food supply.  This management 
method also protects TSCA from current threats now associated with the river – especially the 
high sediment loads, unnaturally fluctuating water levels, and detrimental exotic species such as 
Asian and European carp.   
 
A new management plan for TSCA was prepared by MDC in 1991 (MDC 1991).  This plan 
promoted an increase in acres of forest and moist-soil.  The plan also called for varying flooding 
and draining regimes in the forested areas to improve forest health and reduce the negative 
effects that can be caused from greentree reservoir management.  Subsequently in 2002, 300 
acres of hard mast container trees were planted at higher elevations.  In 2008, the levee was 
overtopped and the prolonged inundation killed many of these trees.   
 
Current management goals for the project area are the same as for TSCA as a whole.  Annually, 
the Horseshoe Management Unit is flooded to a full pool elevation of 453.3 ft. NGVD to put 
water on the area’s food plots.  This requires 35-40 days of continual pumping.  In the spring, the 
Horseshoe and Nose Slough Unit are drained to an elevation of 450.0 ft. NGVD through the 
same outlets.  Draining is completed utilizing pumping and a 42 in. gravity drain at the end of 
Three Mile Ditch.  If the Mississippi River is at normal pool, draining the area requires a 
minimum of 30 days, but takes longer if the Mississippi is high.  The project area is heavily 
invaded by reed canary grass.  This grass is difficult to control, but can be managed by 
cultivation, herbicides, or through light competition with taller vegetation.  Management to 
control this invasive requires water levels to be lowered as much as possible during the spring 
and summer.   
 
A set of future management goals has been developed for the TSCA HREP area.  These include 
the ability to lower water levels from 455.5 to 450 in 10 days.  After the 1993 flood, site 
managers realized that trees in areas that drained in 10 days survived while trees in other areas 
did not.  Pumping would achieve fall target surface water levels in 25 days.  This would allow 
managers to place water on the management unit(s) later and still provide food for migrating 
birds.  Flooding the unit(s) later would promote tree health and provide additional food plants.  
Based on the identified problems and MDC’s fish and wildlife management goals, objectives, 
goals, and potential enhancement features were developed by the interagency planning team 
during development of this DPR (Table 3-1).  The goal of the TSCA HREP is to restore and 
enhance the quality and diversity of wetland habitat in the project area to benefit primarily 
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migratory birds and secondarily other wetland species.  This goal would be achieved by 
improving water level management, improving aquatic habitat, and increasing the quantity and 
quality of forest.  The potential enhancement features were determined based on their ultimate 
contribution to the goal, objectives, and constraints. 
 
Table 3-1.  Goal, objectives and potential enhancement features for the Ted Shanks Conservation Area 
Habitat Rehabilitation and Enhancement Project. 

Goal Objectives Potential Enhancement Features 

Restore and enhance 
wetland habitat 

Improve water level 
management 

Raise/restore levees 
 
Create management units 
 
Replace/build new water control structures, spillway or pump 
station 

Increase quantity and 
quality of bottomland 
and floodplain forest 

Setback/degrade levees  
 
Plant bottomland and floodplain forest 

Improve aquatic habitat 
Deepen/reconnect water bodies 
 
Install structure in water bodies 

 
3.3.  Planning Constraints.  The following constraints were considered in plan formulation: 
 
Environmental Laws and Regulations – Features would be designed and constructed to be 
consistent with Federal, state, and local laws. 
 
Operation and Maintenance - Restoration features shall be designed to minimize operation and 
maintenance requirements. 
 
Impacts to Flood Heights - Restoration features would not detrimentally increase flood heights 
and adversely affect private property or infrastructure. 
 
4.  POTENTIAL PROJECT FEATURES. 
 
This section describes the features developed to address the problems and meet the goal of 
rehabilitating and enhancing the quality and diversity of wetland habitat for migratory birds and 
other wetland species.   
 
4.1.  Project Features Found to be Not Feasible.   
Spillways. - A spillway could be constructed by decreasing the elevation and armoring a portion 
of the exterior levee.  This would allow water in the interior of the site to more closely follow the 
river’s hydrograph.  This feature was eliminated because water levels in the project area could 
not be controlled.  The area would flood more frequently due to the lower elevation of the 
spillway.  More frequent flooding would increase sedimentation throughout the interior, and 
stress interior vegetation.  Further investigation indicated that back flooding to reduce head 
cutting of the exterior agricultural levee would be possible with proposed water control 
structures, thus eliminating the need for a spillway. 
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Raise exterior agricultural levee. - The exterior levee could be raised to a higher elevation to 
prevent floodwater from overtopping the levee as frequently.  Raising the levee would increase 
its footprint resulting in the conversion of wetlands to non-wetlands.  Raising the levee could 
negatively impact flood heights in the vicinity.  The exterior levee and adjacent land support high 
quality hardwood trees that would be removed.  The levee extends well beyond the project area 
and to be effective the entire levee would need to be raised.  Finally, acquisition of borrow would 
disturb a large amount of habitat or be very costly.  For these reasons, this feature was 
eliminated. 
 
4.2.  Feasible Project Features.  Plate C-1 shows the locations of the feasible project features 
described below.  The features listed in Table 4-1 were combined into functional groups.  
Functional groups could be evaluated alone or in combination as project alternatives.  Each 
functional group was assigned a letter number combination for the incremental cost analysis 
(ICA).  These groups, their purpose, and ICA code are described below. 
 
No Action.  This functional group would not include any USACE project features and no 
additional costs to the USACE would be generated.  The Missouri Department of Conservation 
would continue to manage the area.  No habitat units would be gained or lost from USACE 
activities.  However, MDC site management would likely have a positive effect and natural 
processes would likely have a negative effect on the habitat and thus habitat units over time.   
 
A1:  Levee restoration (Plate C-1).  The exterior agricultural levee around the project area was 
completed in 1920 with steep side slopes.  It protects TSCA and the project office; no private 
land or additional infrastructure is protected by the levee.  It is currently estimated to provide 
protection from up to a 50 year flood level; the levee has a 2% chance of being overtopped in 
any given year.  Past floods have breached the levee several times.  These breaches have been 
repaired by the Missouri Department of Conservation.  Additionally, the levee’s steep slopes 
prevent vegetation management.  The levee throughout the project area is covered with large 
trees.  This feature proposes to re-establish a consistent, structurally sound cross-section along 
the entire alignment.  No levee raise is proposed.  Minor dips, ruts, and other imperfections in the 
levee crown would be repaired.  The crown would be widened to 12 ft. and side slopes flattened 
to 1 vertical on 3 horizontal.  190,000 yds3 of embankment would be needed for this restoration.  
Clearing of trees and brush would be recommended 15 ft. from the toe of the proposed levee 
slope both land side and river side to facilitate proper levee maintenance and to prevent roots 
from compromising levee integrity. 
 
B2:  Levee restoration with Corps setbacks (Plate C-1).  This feature is the same as above 
except it incorporates the Corps proposed levee setbacks.   
 
B3 - B6:  Setbacks (Plates C1, C-12, C-13, C-16).  All levee setbacks are proposed along the 
Salt River on the north and south side of Reiniking Slough (Fig. 2-7).  As with the levee 
restoration, the height of the proposed levee setbacks would match the existing levee.  The crown 
width would be 12 ft. and side slopes 1 vertical on 3 horizontal.  The bottom width would be 
approximately 75 ft. and construction limits would be approximately 125 ft. for the length of the 
setback.  Clearing and grubbing would be required within the levee footprint and recommended 
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within 15 ft. of the proposed levee toe.  The preliminary geotechnical soil analysis indicates that 
all four proposed alignments exhibit acceptable under seepage factors of safety (Appendix G).    
All setback options incorporate degrading a 1,000 ft. segment of the existing levee placed outside 
the exterior levee system by the setback.  This entire section of levee is forested.  The degrade 
location would be chosen to avoid impacts to high-quality forest and promote water backing up 
into the floodplain.  Degrading this levee would create a hydrologic connection between the land 
outside the new levee and the river.  The setback and levee degrade would also prevent flood 
waters from ponding on the forest in this area.  This should protect the high quality forests placed 
outside the new levee.  Additionally, fish would have access to the inundated floodplain which 
provides ideal spawning and rearing habitat.  
 
MDC proposed levee setback locations to: utilize existing high ground, place remaining forest in 
the area outside the levee, and reduce the length of levee.  The Corps geotechnical branch 
proposed setback locations to place the maximum amount of forest outside the levee while 
utilizing high ground away from existing water bodies to maximize the factors of safety.   
 
B3:  Setback N. MDC - The N. MDC proposed levee setback consists of constructing a new 
reach of levee approximately 4,000 ft. long on the interior of the existing system.  Ultimately, 
this setback would shorten the levee by approximately 2,000 ft. and require 54,000 yds3 of 
embankment.   
 
B4:  Setback S. MDC - The S. MDC proposed levee setback consists of constructing a new reach 
of levee approximately 4,600 ft. long on the interior of the existing system.  Ultimately, this 
setback would shorten the levee by approximately 3,500 ft. and require 77,000 yds3 of 
embankment. 
 
B5:  Setback N. Corps - The N. Corps proposed levee setback consists of constructing a new 
reach of levee approximately 4,300 ft. long on the interior of the existing system.  This setback 
would shorten the levee by approximately 1,000 ft. and require 73,000 yds3 of embankment.   
 
B6:  Setback S. Corps - The S. Corps proposed levee setback consists of constructing a new 
reach of levee approximately 3,500 ft. long on the interior of the existing system.  This setback 
would shorten the levee by approximately 2,500 ft. and require 60,000 yds3 of embankment.   
 
BM1:  Create north and south management units (Plates C-1, C-10, C-11, C-16, S-4).  In 
this feature, two management units would be created to allow independent water level 
management: Horseshoe N and Horseshoe S.  The TSCA HREP area contains different habitats 
which would benefit from different water level regimes.  The northern part of the project area 
contains remnant forest and Horseshoe Lake.  The southern part of the area contains scrub/shrub 
wetlands.  By separating these habitats, water levels could be managed in the north to promote 
tree health or aquatic habitat.  In the south, the wetland conditions could be optimized.  
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Table 4-1.  Proposed features for the Ted Shanks Habitat Rehabilitation and Enhancement Project. 

Feature Description Qty Size1 
Invert/ Lgth1 

Purpose Ground 
Elev.1 

(feet) 

Exterior agriculture levee restoration Create a consistent levee cross section  190,000 yds3 463 NGVD  varies  Create a maintainable levee section.  Can also be used for area access 
Setback N. MDC levee and degrade 
existing levee Create a new section of levee 77,000 yds3  463 NGVD  varies 4,000 Place existing forest outside levee to reduce flood effects, and create a shorter maintainable section of 

levee. 
Setback S. MDC levee and degrade 
existing levee Create a new section of levee 54,000 yds3 463 NGVD  varies 4,600 Place existing forest outside levee to reduce flood effects, and create a shorter maintainable section of 

levee. 
Setback N. Corps levee and degrade 
existing levee Create a new section of levee away from existing water bodies 73,000 yds3 463 NGVD  varies 4,300 Place most existing forest outside levee to reduce flood effects and create a shorter maintainable section 

of levee while maximizing seepage factors of safety. 
Setback S. Corps levee and degrade 
existing levee Create a new section of levee away from existing water bodies 60,000 yds3 463 NGVD  varies 3,500 Place most existing forest outside levee to reduce flood effects, and create a shorter maintainable section 

of levee while maximizing seepage factors of safety. 
Degrade levee outside setback Degrade 1,000’ of existing levee outside of new setback 20,000 yds3 natural ground varies 1,000 Create a hydrologic connection between the land outside the new levee setback and the river 
Upper berm Berm connecting Nose Slough levee and Three Mile Ditch 12,000 yds3 455.5 NGVD varies 4,300 These berms work in conjunction to create three management units and isolate the pump station  
Lower berm Berm connecting Salt River levee to Three Mile Ditch 9,000 yds3 455.5 NGVD varies 3,000 channel.  Because each management unit contains different habitats (hardwood forest, lake, and 
Twin berms Berms connecting Mississippi River levee and Three Mile Ditch 24,000 yds3 455.5 NGVD varies 8,000 scrub/shrub), the separation of these areas allows targeted management. 
Concrete box culvert2  (DS1) Connects Horseshoe S to Deadman's Slough  2 culverts 8W x 6H 448.5   Replace existing structure to increase the speed TSCA can be drained and back flooded 
Concrete box culvert  (SR1) Connects Horseshoe S to Salt River 2 culverts 8W x 6H 448.5  New structure to increase the speed TSCA can be drained and back flooded 
Concrete box culvert  (HL1) Connects Horseshoe NW to Salt River Oxbow 2 culverts 8W x 6H 450   New structure to increase the speed TSCA can be drained and back flooded 
HNW channel Convey flows from CW2 into Horseshoe NW unit  5,600 yds3 10W x 5D 449.2  Move water into and out of Horseshoe NW unit via the pump station and Three Mile Ditch 

Concrete box culvert2  (NS1) Connects Nose Slough to Horseshoe NW (W structure) 1 culvert 4 x 4 450.1   Enlarge existing structure to increase speed Nose Slough can be drained and back flooded. 

Concrete box culvert2  (NS2) Connects Nose Slough to Horseshoe NW (E structure.) 1 culvert 4 x 4 450.1  Enlarge existing structure to increase speed Nose Slough can be drained and back flooded. 
Corrugate metal pipe (CN1) Connects pump station channel to Horseshoe NE 3 pipes 6 449.2   Transport water from the pump station to the new Horseshoe NE management unit 
Corrugate metal pipe (CW2) Connects pump station channel to Horseshoe NW  2 pipes 6 449.2  Transport water from the pump station to the new Horseshoe NW management unit 
Corrugate metal pipe (CS3) Connects pump station channel to Horseshoe S 3 pipes 6 449.2   Transport water from the pump station to the new Horseshoe S management unit 
Pump station Diesel pump station 3 pipes 36 in. 444  Increase water delivery to the project area to allow site managers to flood the area in < 25 days 
Pump station Electric pump station  3 pipes 36 in. 444   Increase water delivery to the project area to allow site managers to flood the area in < 25 days 
Pump station channel Channel connecting pump station to Three Mile Ditch 52, 500 yds3 7 deep 449.2 4,500 Provide water delivery from the pump station to Three Mile Ditch and the project area 

Restore channels3 Remove sediment that blocks historic channels 150,000 yds3  adj. channel  varies varies Restore natural water pathways throughout the project area to promote drainage 

Open mouth of Deadman’s Slough Dredge a new mouth below dike 286.3R 28,000 yds3 250W  varies 350 The location and size should prevent debris jams and sedimentation keeping the mouth open 

Deadman’s Slough riffles Rock field extends across channel with a lower center and high 
banks.  5,000 tons 448 NGVD varies varies Create a pool - riffle - pool channel and fish habitat 

Deadman’s Slough hard points 20’ wide rock dike extending from bank outward ¼ channel width  5,000 tons 448 NGVD varies varies Create flow sinuosity, provide habitat, and maintain channel 
Hardmast Horseshoe NE Plant water tolerant hard mast trees in new management unit N/A 27 acres 453.5+ N/A Restore hard mast trees to suitable elevations.  Reed canary grass prevents regeneration. 
Hardmast Horseshoe NW Plant water tolerant hard mast trees in new management unit N/A 24 acres 453.5+ N/A Restore hard mast trees to suitable elevations.  Reed canary grass prevents regeneration. 
Floodplain forest Horseshoe NE Plant water tolerant trees in new management unit N/A 171 acres 452 - 453.5 N/A Restore floodplain forest to suitable elevations.  Reed canary grass may prevent regeneration. 
Floodplain forest Horseshoe NW Plant water tolerant trees in new management unit N/A 125 acres 452 - 453.5 N/A Restore floodplain forest to suitable elevations.  Reed canary grass may prevent regeneration. 
Floodplain forest Horseshoe S Plant water tolerant trees in new management unit N/A 167 acres 452 - 453.5 N/A Restore floodplain forest to suitable elevations.  Reed canary grass may prevent regeneration. 

1. Unless otherwise specified, elevation is measured in feet.  The vertical datum is NGVD 1929.  W = width, H = height 
2. The existing structure would likely be removed and replaced by the proposed structures. 
3. Sediment would be placed on adjacent higher elevation areas to create areas for tree planting. 

NOTE - Levee elevation on the peripheral structures would be raised by 2 ft. for 200 ft. to either side of the structure.  Nose Slough levee elevation at structures would be raised by 1 ft. for 50 ft. to either side.  At CN, CW, & CS raise would be 1 ft. for 100 ft. past 
connection points.  For peripheral control structures, there would need to be a transition zone from the current levees 1 V: 2 H slopes and the setbacks 1 V: 3 H. 
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Berms.  Three new berm segments are proposed to form the two new management units: lower, 
north twin, and south twin berms.  The north and south twin berms tie in to the exterior levee 
along the Mississippi and would follow the proposed pump station channel.  North twin berm 
would terminate at Three Mile Ditch and aid in water delivery throughout the project area.  
South twin berm would connect to the lower berm at Three Mile Ditch.  The lower berm runs 
from Three Mile Ditch to the Salt River exterior levee at the top of Reiniking Slough.  All 
interior berms would have a crown height of 455.5 NGVD with one foot of overbuild; 10 ft. 
crown width, and 1 vertical on 4 horizontal side slopes to allow for improved maintenance.  
Approximately 44,000 yds3 of embankment would be needed. 
 
Water Control Structures.  A corrugated metal pipe water control structure would be constructed 
where the two berm segments intersect.  This water control structure would control water 
movement between the two management units.  This structure incorporates three 6 ft. corrugated 
metal pipes (CMP) connected to 8 ft. vertical CMP riser pipes located in the embankment.  These 
riser pipes act as a gatewell.  The riser pipe would have a manufactured aluminum canal gate unit 
placed inside which is connected to the inlet pipe to control flow.  The size and number of pipes 
was determined by hydraulic modeling.    
 
BM10:  Create three management units (Plates C-1, C-7, C-8, C-10, C-11, C-16, S-4).  
Creating three management units would allow the separation of Horseshoe Lake and the remnant 
forest in the northern unit.  With separation, water levels could be managed to promote the health 
of both of these habitats.   
 
Berms.  In this feature, the north twin berm would connect to a fourth berm, the upper berm.  The 
upper berm would be west of Three Mile Ditch and run north until it ties in to the existing Nose 
Slough Unit berm.  Approximately 44,000 yds3 of embankment would be needed. The four new 
berms would total approximately 3 miles in length.   
 
Water Control Structures.  Three CMP water control structures (CN1, CW2, and CS3) would be 
constructed where the four berm segments intersect.  These water control structures would 
control water movement between the pump station, Three Mile Ditch, and the three management 
units.  To prevent access of non-native fish to Horseshoe NW, a welded steel grating would be 
attached to the culvert end section of the water control structure.  All other components are the 
same as the structure in BM1 except that CW2 would consist of two CMP instead of three.    
 
Horseshoe NW Channel - For the proposed structure (CW2) connecting to Horseshoe NW, a 
channel at least 10 ft. wide by 5 ft. deep would be excavated from the structure to Horseshoe 
Lake.  Approximately 5,600 yds3 of material would be excavated.  This channel would promote 
water flow into the unit.  Excavated material would be used for berm construction. 
 
Horseshoe Northwest Unit.  This unit lies to the southeast of the Nose Slough Unit.  It would be 
created by the construction of the upper and lower berm.  This unit contains Horseshoe Lake, the 
deepest and largest water body in the project area.  Water level management within this unit 
would attempt to enhance the lake for fish and inundate emergent herbaceous and woody 
vegetation in the fall.  This would be accomplished by holding water levels at 454.5 from fall to 
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mid-spring.  Holding water levels constant during spring spawning would allow fish eggs to 
hatch before water levels recede.  
 
Horseshoe Northeast Unit.  This unit would be bounded by the upper berm and north twin berm.  
It lies northeast of the Horseshoe NW Unit and contains some of the highest elevation ground in 
the project area.  The high elevation areas support remnant forest and have good potential for 
bottomland hardwood restoration.  This unit would be flooded beginning in fall with a target 
water level elevation of 454.0 ft.  Because this unit supports remnant forest, water would be 
added to this unit later in the fall and removed earlier to prevent tree stress which is common 
with greentree reservoir management. 
 
Horseshoe South Unit.  The unit is bordered by the lower berm and the south twin berm.  It 
contains several traversing swales and sloughs and some of the lowest land elevations within the 
project area.  The habitat is dominated by willow and buttonbush swamp and shallow water 
bodies.  Target water level management elevation is 453.5 ft.  During some springs, the water 
control structures in this unit’s exterior levee would remain open to allow fish access for 
spawning and rearing.   
 
C1:  External water drainage (Plates C-4, C-5, C-6, S-1, S-2, S-3).  This feature includes the 
construction of two new and the replacement of one existing peripheral water control structures 
in the exterior levee.  The proposed structures were sized to meet the management goals of 
lowering water levels in Horseshoe and Nose Slough Unit from 455.5 ft to 450 ft in 10 days 
(Appendix H).  Structures were also designed to allow for back flooding the area during times of 
high water to equalize water pressure and help prevent levee breaches.  There were two other 
management goals considered in the design of these structures.  The first included promoting 
river fish access to the interior of the proposed Horseshoe South Unit for spawning and rearing.  
The second included preventing non-native river fish access to the proposed Horseshoe 
Northwest Unit so Horseshoe Lake could be managed for native fish and aquatic plants.   
 
DS1 and SR1 - The first goal applies to structures DS1 and SR1.  These structures drain 
Horseshoe South to Deadman’s Slough and the Salt River respectively.   DS1 would replace the 
existing 42 in. CMP structure.  SR1 is a new structure proposed at the southwest corner of the 
levee.  These structures have a 4 ft. clear zone between the bridge deck and barrier wall to admit 
sunlight to the area behind the gates to promote fish passage.  Both concrete structures have two 
8 ft. W × 6 ft. H openings with sluice gates and a smaller center opening with a slide gate.  The 
smaller opening has a gate that opens from the top down and allows for fine scale water level 
management.   
 
HL1 - The second goal applies to structure HL1 which connects Horseshoe Northwest Unit to an 
oxbow lake of the Salt River.  This structure consists of two 8 ft. W × 6 ft. H box culverts that 
feed into a gatewell and discharge basin.  The downstream exterior face of the gatewell has two 8 
ft. W× 6 ft. H sluice gates and a smaller downward opening slide gate for water level 
management.  To reduce fish access, fish barrier racks would be installed in the discharge basins 
which are similar to pump station trash racks.  The clear opening between bars is limited to two 
inches to prevent passage of larger fish. 
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A 10 ft. wide channel would be excavated to 450 ft. NGVD (HL1 invert) to connect Horseshoe 
Lake to HL1 and HL1 to the Salt River Oxbow.  Where this channel connects to Horseshoe 
Lake, an 8 ft. deep area would be excavated to trap sediment.  The channel would allow for 
maximum drawdown of the unit to consolidate lake sediment, control non-native fish, promote 
wetland vegetation growth, and allow for reed canary grass control.   
 
Restore channels - When Three Mile Ditch was constructed, the excavated material was side 
cast.  This material blocked off many of the historic sloughs.  To facilitate water movement to 
the exterior structures, the historic slough paths would be restored.  150,000 yds3 of material 
from twenty areas would be removed to the bottom elevation of the adjacent slough.  This 
material would be placed on nearby high ground and planted in native trees or used to construct 
area features. 
 
D1:  Nose Slough water drainage (Plates C-2, C-3, S-3).  The two Nose Slough water control 
structures each consist of one 4 ft. x 4 ft. concrete box culvert with a single sluice gate and slide 
gate.  These structures would replace two existing smaller water control structures.  Improved 
drainage is necessary to protect the last self-sustaining bottomland hardwood forest at TSCA 
from prolonged root zone flooding which can cause tree mortality.  Besides their smaller size, 
they have the same design as HL1.  
 
F1:  Deep holes in Horseshoe Lake (Plate C-1).  The majority of Horseshoe Lake is < 4 ft. 
deep.  The minimal deeper water may not be sufficient to protect fish from oxygen depletion due 
to winter ice and snow cover, and summer heat and vegetation decomposition.  This feature 
proposes to create two eight foot deep three acre areas in the lake.  Approximately 39,000 yds3 of 
excavated sediment would be placed in a nearby borrow area.  Once the sediment dried, trees 
would be planted. 
 
G1:  Horseshoe Northeast hard mast (Plate C-16).  Pecans and persimmons are currently 
scattered throughout TSCA.  These and other water tolerant hard mast trees native to the area 
would be planted in the proposed Horseshoe Northeast management unit.  Approximately 25 
acres of trees would be planted in un-forested and currently forested areas at suitable elevation + 
453.5 ft. NGVD.   
 
H1:  Horseshoe Northwest hard mast (Plate C-16).  Approximately 25 acres of native water 
tolerant hard mast trees would be planted in un-forested and constructed high elevation (+ 453.5 
ft. NGVD) areas.   
 
M1:  Electric pump station (Plates C-9, C-10, E-1, E-2, E-3, M-1, M-2).  The pump station 
capacity was determined by the need to reach target water levels in 25 days (Appendix H).  The 
electrically powered pump station has two 30,000 gpm electric submersible pumps.   
 
The two exterior bays provide sumps for the pumps, and the one interior bay is the discharge 
chamber.  Channel flow through each bay is controlled by six sluice gates, one on the river side 
and one on the managed side of each bay.  Water can be moved into or out of the interior 
management area by changing the arrangement of open and closed gates.  Gates would have 
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electric motor operators.  The pump sump bays are served by 103 ×71 in. corrugated steel pipe 
(CSP) culverts.  Bar-screen trash racks will be provided at the intake end of each culvert serving 
the pump sump to prevent debris from entering the pump sump.  The discharge chamber is 
served by 72 in. diameter CMP culverts that discharge either into the Mississippi River or the 
interior management area. 
 
The station is founded at El. 440.5 ft and sits on steel H-piles.  The riser extends from El. 442.5 
ft to El. 469.5 ft in order to set the control equipment and sluice gate motors above a 500 yr flood 
level.  The risers are 41 ft.-2 in. × 16 ft.-0 in. in plan; however, an additional 2 ft.-6 in. platform 
extends from the top of the electric station riser to accommodate the control equipment.  
Pedestrian and vehicular access to the operating areas is via a localized widening of the levee 
embankment.  The station and appurtenances would occupy an approximately 41 ft. × 19 ft. area 
on the exterior levee.   
 
Currently, single-phase electric power lines terminate at the project office in the northern part of 
TSCA.  Due to the size of the electric pumps required to meet the 25 day water management 
goal, 3-phase, 480 volt AC electric service is required.  Through conversations with AmerenUE, 
it was determined that there were two possible locations to access 3-phase power.  The closest 3-
phase power is located to the south of the proposed pump station location.  Alternatively, power 
could be routed from the north along TT road where AmerenUE currently has a single phase 
power line (Plate C-1).  The project delivery team determined that the northern route would be 
the only route considered because: 

• No additional right of way is needed. 
• No river crossing is needed. 
• Electric service can be routed along existing service roads, berms, and the outer 

levee and not across wetland areas. 
• Existing diesel pump stations could be converted to electric pump stations by MDC 

in the future.  
 
Three-phase, 12,470 volt AC electric service would be routed to the Ted Shanks project office 
where primary metering would be utilized.  AmerenUE would not be responsible for maintaining 
the power transformers and primary feeders on the load side of the meter.  From the load side of 
the meter at the project office, 3-phase power would be routed underground along existing 
internal roads to the Mississippi River levee and routed down the levee to the proposed pump 
station (Plate C-1).  Power would be run underground because aerial electric lines would pose a 
hazard to the 1,000s of migratory birds that utilize the conservation area and restrict area hunting 
activities.  Power transformers would be installed at the project office and the proposed pump 
station to step-down the primary voltage to the appropriate voltage. 
 
Pump station channel - A new water supply channel would be constructed from the pump station 
to Three Mile Ditch.  The channel would follow an existing swale that traverses the area.  The 
channel would be 4,550 long, 7 ft. deep, 50 ft. wide at the bottom, and 92 ft. wide at the top.  
Approximately 52,500 yds3 of material would be excavated and used to construct the adjacent 
twin berms. 
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M2:  Diesel pump station (Plates C-9, C-10, M-3, M-4).  The diesel operated pump station has 
two 30,000 gpm, axial flow, line-shaft pumps.  Each pump is driven by a portable trailer 
mounted diesel engine through a belt drive and a right angle gear reducer.  The pump station 
design is similar to the electric except for the following.  Gates on the diesel operated pump 
station would be operated manually by a portable electric drill type wrench and portable 
generator.  The riser of the diesel station extends from El. 441.75 ft to El. 467.0 ft.  Adjacent to 
the top of the riser are concrete pads for the belt drive apparatus and the trailer mounted diesel 
engines and a containment area for the trailer mounted fuel tank.  The pump station and the pads 
for the engine and fuel tanks would occupy an approximately 60 ft. × 40 ft. area on the exterior 
levee.  The levee would be widened in the vicinity to accommodate the pump station.  The pump 
station channel would be the same design as the electric station. 
 
O1:  Deadman’s Slough open mouth (Plate C-1).  Under this feature, a new 250 ft. wide and 
350 ft. long mouth for Deadman’s Slough would be dredged at least 200 ft. downstream of dike 
286.3R.  This placement was chosen because the dike would reduce the amount of debris 
entering the slough reducing the chances for debris jams and sedimentation.  The first 450 ft. of 
the channel downstream of the mouth would be dredged at least 100 ft. wide.  Both the mouth 
and the pilot channel would be excavated to a depth of -5 ft. minimum pool (443 ft. NGVD).  
This would result in approximately 50,000 yds3 of excavated material.  The dredge material 
would be used to construct proposed features or raise the elevation of pre-identified locations to 
make them suitable for hard mast tree planting. Guidance from the Corp’s Kansas City District 
was used to determine the mouth dimensions.  Typical dimensions are a minimum of twice the 
channel width for both the mouth width and length.  This is primarily to reduce debris jams that 
could close off the slough.   
 
O2:  Deadman’s Slough riffle structures and open mouth (Plates C-1, H-1, H-2).  This 
feature includes dredging the mouth of Deadman’s Slough and installing two rock riffle 
structures.  The structures are proposed to enhance the slough by mimicking a natural pool-riffle-
pool channel.  The structures would have a 4:1 upstream slope and a 20:1 downstream slope with 
an approximate length of 125 ft.  The crown would be a minimum of 25 ft. in width and would 
be “U” shaped, meaning the center elevation of 448 ft. NGVD would be lower than the bank side 
elevations.  This layout would maintain flow through the structure at all times.  Stone size would 
be a well rounded, well sorted 600# stone. 
 
O3:  Deadman’s Slough riffle and hardpoint structures and open mouth (Plates C-1, H-1, 
H-2).  In conjunction with the engineered rock riffles and dredging, eight alternating hard points 
would be constructed at varying spacing to create additional habitat.  The structures would tie 
into the bank at 448 ft. NGVD and extend outward for a distance of ¼ the channel width.  These 
structures would create flow sinuosity without changing channel planform.  They would also 
provide spawning habitat for a variety of lotic fish species that spawn over gravel and rock 
substrate.  Stone size would be a well rounded, well sorted 600# stone. 
 
P1:  Horseshoe Northeast floodplain forest.  Floodplain forest historically covered half of the 
project area (Heitmeyer 2008).  This forest type is dominated by elm, ash, sugarberry, boxelder, 
and understory paw paw.  Floodplain forest trees native to the area would be planted at suitable 
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elevations (452 – 453.5 ft. NGVD) over approximately 170 acres of the proposed Horseshoe 
Northeast Unit. 
   
Q1:  Horseshoe Northwest floodplain forest.  Floodplain forest trees native to the area would 
be planted at elevations of 452 – 453.5 ft. NGVD over approximately 125 acres of Horseshoe 
Northwest Unit. 
 
R1:  Horseshoe South floodplain forest.  Floodplain forest trees native to the area would be 
planted at elevations of 452 – 453.5 ft. NGVD over approximately 165 acres of Horseshoe South 
Unit.  The remainder of the unit would be managed for moist soil plants and emergent 
herbaceous and woody vegetation. 
 
S1:  Levee degrade (Plate C-1).  The 7.5 miles of exterior levee in the project area would be 
degraded.  The project area would no longer be protected.  However, the remainder of TSCA 
would be protected by the interior berms which connect to the remaining exterior levee.   
Degrading the levee would consist of complete removal of the levee embankment to prevailing 
ground and depositing the material nearby on site.  625,000 yds3 of levee would be degraded. 
 
5.  EVALUATION OF FEASIBLE PROJECT FEATURES AND FORMULATION OF 
ALTERNATIVES 
 
The functional groups above were put through an environmental benefits analysis to determine 
the magnitude of ecosystem benefits to be expected if implemented.  The benefits were then 
combined with cost estimates for the ICA to determine the cost effectiveness.  Alternatives were 
generated by creating all possible combinations of functional groups.  A full description of the 
environmental benefits analysis can be found in Appendix D. 
 
5.1.  Environmental Benefit Analysis.  The environmental benefits analysis employed a multi-
agency team approach with representatives from the USACE, USFWS and MDC.  We used both 
wildlife and fisheries based models to evaluate the effects of project features on species at Ted 
Shanks.  This was done because both wildlife and aquatic habitats and thus species would be 
affected by some or all of the proposed features.  To evaluate wildlife effects, we used the 
Wildlife Habitat Appraisal Guide (WHAG) developed by the Missouri Department of 
Conservation and the U.S. Department of Agriculture, Soil Conservation Service (now NRCS) 
(MDC and NRCS 1990).  The WHAG was adapted from the U.S. Fish and Wildlife Service’s 
Habitat Evaluation Procedures (USFWS 1976).  WHAG is widely accepted by local agencies.  It 
has become the primary terrestrial habitat evaluation method used in the St. Louis District.  To 
evaluate aquatic effects, we used the Aquatic Habitat Appraisal Guide (AHAG) (Killgore & 
Hardy 1992; Mathias et al. 1996) which has gained the most acceptance within the St. Louis 
District and along the entire Upper Mississippi River.  It was developed by the USACE 
Waterways Experiment Station (WES) and the Rock Island District Corps of Engineers (Killgore 
& Hardy 1992; Mathias et al. 1996).  The AHAG methodology follows that of the WHAG. 
 
Per EC 1105-2-407: Planning Models Improvement Program: Model Certification, planning 
models such as the AHAG and WHAG are required to be certified.  Under the Environmental 
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Management Program, the model certification process for both of these models has begun.  
Consistent with guidance from the USACE Ecosystem Planning Center of Expertise, the Agency 
Technical Review (ATR) Team for the TSCA HREP conducted an assessment of the models 
used for this project.  This process did not result in certification, but evaluated the technical 
quality and appropriateness of the models utilized.  A member of the ATR team evaluated the 
models during the 2010 ATR.  The models were found to be correctly applied and appropriate 
for this study. 
 
The AHAG and WHAG methodologies both evaluate the quality and quantity of habitat 
available to selected animal species with and without the project (Table 5-1).  The qualitative 
component of the analysis is known as the Habitat Suitability Index (HSI) and is rated on a 0 to 
1.0 scale, with higher values indicating better habitat.  The HSI for a particular habitat type is 
calculated for various biotic (plant diversity) and abiotic (dissolved oxygen) habitat metrics.  
These metrics correspond to values representing the ability of the habitat to support the species 
under consideration.  The quantitative component of the analysis is the number of acres of 
habitat that are available for the selected evaluation species.  The standard unit of measure, the 
Habitat Unit (HU), is calculated using the formula HSI × Acres = HUs.  Changes in the quality 
and/or quantity of habitat, and therefore habitat units, can occur over time.  In order to capture 
these changes, habitat conditions are estimated for selected target years for both with- and 
without-project conditions.  Target years for the TSCA Project were established at 0 (existing 
conditions), 1, 5, 25, and 50 years.  The period of analysis for the project is 50 years.  Changes 
over the period of analysis influence the cumulative HUs.  Cumulative HUs are annualized and 
averaged to determine what is known as Average Annualized Habitat Units (AAHUs).  AAHUs 
are used as an output measurement to evaluate the difference between the environmental 
outcomes of with- and without-project conditions, net AAHUs, used for the ICA. 
 
Table 5-1.  Aquatic and wildlife evaluation species selected for habitat benefits analysis.  

Species Scientific Name Family Habitat Type Evaluated 
Aquatic (AHAG) 
Flathead catfish Pylodictis olivaris Ictaluridae Lentic  
Smallmouth Buffalo Ictiobus bubalus Catostomidae Lentic 
Largemouth Bass Micropterus salmoides Centrarchidae Lentic 
White Bass Morone chrysops Moronidae Lotic 
Terrestrial (WHAG) 

Mallard Anas platyrhynchos Anatidae Nonforested Wetland, Cropland, 
Bottomland Forest 

Wood Duck Aix sponsa Anatidae Bottomland Forest 
Least Bittern Ixobrychus exilis Ardeidae Nonforested Wetland 
Prothonotary Warbler Protonotaria citrea Parulidae Bottomland Forest 
 
For the WHAG, there were five evaluation locations; one in the center of each of the future 
management units, one in the setback area, and one in the center of the existing Nose Slough 
Unit.  For the AHAG, evaluation locations included Horseshoe NW, the setback areas, and 
Deadman’s Slough.  These locations were chosen because the habitat in these areas differs.  
Unlike the AHAG, the WHAG evaluates multiple different habitats.  The following WHAG 
habitat spreadsheets were used: non-forest, cropland, and bottomland hardwood wetlands.   
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For the habitat analysis, the best possible project alternative was evaluated as the with project 
alternative.  The best possible project alternative consists of the most elaborate combination of 
proposed functional groups (Table 5-2).  Because the ICA evaluates each functional group 
independently, the percentage of net AAHUs (best possible project AAHUs - without project 
AAHUs) that should go to each functional group was determined (Table 5-2).  Percentages were 
determined prior to calculating the habitat units so that the team was not biased in their decision.  
To assign percentages, the team used their extensive knowledge of the project area, its biology, 
and best professional judgment to evaluate how well each functional group addressed the 
problems, goals, and objectives discussed in the DPR.   
 
Table 5-2.  The habitat benefits analysis by location, the features that they applied to, and the percentage 
of habitat benefits that would go to each feature.  The habitat types (non-forest, cropland, and 
bottomland) for each location were applied uniformly and thus only location is represented here. 
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A1 Levee restoration No habitat units are generated for this feature 
B2 Levee restoration with Corps setbacks 100             100 
B3 Setback N. MDC and degrade levee * 100       100 
B4 Setback S. MDC and degrade levee  100             100 
B5 Setback N. Corps and degrade levee 100       100 
B6 Setback S. Corps and degrade levee 100             100 
BM1 Create N and S management units     15 15 25   
BM10 Create 3 management units*     75   25 25 25   
C1 External water drainage*    25 45 45 50   
D1 Nose Slough water drainage*       25         
F1 Deep holes in Horseshoe Lake*   25       
G1 Horseshoe NE hard mast *           5     
H1 Horseshoe NW hard mast*     5     
M1 Electric Pump*        50 25 25 25   
M2 Diesel Pump    50 25 25 25  
 O1 Deadman's Slough open mouth  25        
 O2 Deadman's Slough riffles  90        
 O3 Deadman’s Slough riffle/hrd pt combo *  100        
 P1 Horseshoe NE floodplain forest These features were added after the original analysis.  

The development of their habitat units is described in 
Appendix D. 

 Q1 Horseshoe NW floodplain forest 
 R1 Horseshoe S floodplain forest 
 S1 Levee degrade No habitat units are generated for this feature 
  * Features that were determined to make up the best possible project. 
 
Topographical data, management plans, land coverage data files, and aerial photography were 
used to determine acreage.  Habitat suitability indices for each species were summed, averaged, 
and multiplied by the appropriate acreage to generate HUs.  HUs were then annualized to yield 
AAHUs for with and without project (Appendix D).   
 



Upper Mississippi River System 
Environmental Management Program 

 
Ted Shanks Conservation Area HREP 

36 

Each setback (N. MDC, N. Corps, S. MDC, and S. Corps) has a different acreage but the same 
HSI.  Additionally, when each setback is combined with the management unit feature, it reduces 
the acreage of the management unit.  To account for this, habitat units were generated for all 
possible combinations of management units and setbacks (Table 5-3).   
 
For the ICA, alternatives can consist of all feasible combinations of the project’s functional 
groups (Table 5-3).  However for this project, some groups cannot be feasibly combined.  Those 
groups that cannot be combined are given the same letter; thus, an alternative can consist of one 
or multiple groups with different letters (Table 5-3).  For example, a north Corps and a north 
MDC levee setback could not be combined in one alternative.  Additionally, some features when 
combined generated habitat units that were not the sum of their individual habitat units.  For 
example, a north levee setback reduces the acreage of the adjacent management unit and thus 
reduces the habitat units of that management unit.  Therefore, all possible combinations of 
setbacks and management units were generated and assigned an ICA letter (B2 - BM18).  All 
these combinations were then incorporated into the ICA.  
 
Table 5-3.  The ICA project feature code for the incremental cost analysis, the project feature description, 
how the habitat units were determined, and the net average annualized habitat units. 

ICA 
Code 

Abbrev Description Net AAHU Allocation AAHUs 

A1:   Levee restoration None 0 
B2:   Restore w Corps setbacks  N and S Corp setback AHAG & WHAG 99.34 
B3:   Setback N MDC & degrade levee N MDC setback AHAG & WHAG 87.31 
B4:   Setback S MDC & degrade levee S MDC setback AHAG & WHAG 118.72 
B5:   Setback N Corps & degrade levee N Corp setback AHAG & WHAG 41.27 
B6:   Setback S Corps & degrade levee S Corp setback AHAG & WHAG 58.07 
B7: N & S Corps setback  N & S Corp setback AHAG & WHAG 99.34 
B8: N & S MDC setback  N & S MDC setback AHAG & WHAG 206.03 
B9: N Corps & S MDC setback N Corp & S MDC setback AHAG & WHAG 159.99 
B10: N MDC & S Corps setback  N MDC & S Corps setback AHAG & WHAG 145.38 
BM1: Create N & S management units 15% Horseshoe NW, NE & 25% Horseshoe S WHAG 172.34 
BM2: Create N & S units and N MDC setback 15% Horseshoe NW1, NE & 25% Horseshoe S 

WHAG + N MDC setback AHAG & WHAG 
251.64 

BM3: Create N & S units and S MDC setback 15% Horseshoe NW, NE & 25% Horseshoe S WHAG 
+ S. MDC setback AHAG & WHAG 

276.46 

BM4: Create N & S units and N Corps setback 15% S Horseshoe NW, NE & 25% Horseshoe S 
WHAG + N. Corp setback AHAG & WHAG 

210.16 

BM5: Create N & S units S Corps setback  15% Horseshoe NW, NE & 25% Horseshoe S WHAG 
+ S. Corp setback AHAG & WHAG 

223.31 

BM6: Create N & S units and N & S Corps 
setback 

15% Horseshoe NW, NE & 25% Horseshoe S WHAG 
+ N. & S. Corp setback AHAG & WHAG 

261.13 

BM7: Create N & S units and N & S MDC 
setback 

15% Horseshoe NW, NE & 25% Horseshoe S WHAG 
+ N. & S. MDC setback AHAG & WHAG 

355.76 

BM8: Create N & S units  and N Corps & S 
MDC setback 

15% Horseshoe NW, NE & 25% Horseshoe S WHAG 
+ N. Corp & S. MDC setback AHAG & WHAG 

314.28 

BM9: Create N & S units and N MDC & S 
Corps setback 

15% Horseshoe NW, NE & 25% Horseshoe S WHAG 
+ N. MDC & S. Corp setback AHAG & WHAG 

302.61 

BM10:  Create 3 management units 25% Horseshoe S, NE, & NW WHAG & 75% 235.73 
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ICA 
Code 

Abbrev Description Net AAHU Allocation AAHUs 

Horseshoe NW AHAG 
BM11: Create 3 units and N MDC setback  25% Horseshoe S, NE, & NW, 75% Horseshoe NW 

AHAG + N MDC setback AHAG & WHAG 
309.7 

BM12: Create 3 units and S MDC setback 25% Horseshoe S, NE, & NW, 75% Horseshoe NW 
AHAG + S. MDC setback AHAG & WHAG 

339.85 

BM13: Create 3 units and N Corps setback 25% Horseshoe S, NE, & NW, 75% Horseshoe NW 
AHAG + N. Corp setback AHAG & WHAG 

271.25 

BM15: Create 3 units and N & S Corps setback  25% Horseshoe S, NE, & NW, 75% Horseshoe NW 
AHAG + N. & S. Corp setback AHAG & WHAG 

322.22 

BM17: Create 3 units N Corps & S MDC 
setback 

25% Horseshoe S, NE, & NW, 75% Horseshoe NW 
AHAG + N. Corp & S. MDC setback AHAG & 
WHAG 

375.37 

C1:  External water drainage 25% Nose Slough, 50% Horseshoe S, 45% Horseshoe 
NW, 45% Horseshoe NE 

447.02 

D1: Nose Slough water drainage 25% Nose Slough 78.70 
F1:   Deep holes 25% AHAG value for Horseshoe Lake 4.05 
G1: Horseshoe NE hard mast 5% Horseshoe NE 12.87 
H1:  Horseshoe NW hard mast 5% Horseshoe NW 10.08 
M2:  Diesel Pump 50% Nose Slough; 25% Horseshoe NW, NE & S 353.04 
O1:  Deadman's Slough open mouth 25% Deadman's Slough AHAG value 45.62 
O2:  Deadman's Slough riffles 90% Deadman's Slough AHAG value 164.24 
O3: Deadman’s Slough riffle/hrd pt combo 100% Deadman's Slough AHAG value 182.49 
P1: Plant floodplain forest in Horseshoe NE Planted forest 14.27 
Q1: Plant floodplain forest in Horseshoe NW Planted forest 14.89 
R1: Plant floodplain forest in Horseshoe S Planted forest 10.45 
S1: Levee degrade None 0 
For a more detailed description of the habitat analysis, refer to Appendix D of this report. 
  
5.2.  Cost Effective and Incremental Cost Analysis of Alternatives.  Cost 
Estimating/Incremental Cost Analysis (ICA) is rooted in economic production theory and utilizes 
such economic principles as scarcity, choice and opportunity cost.  The cost analysis examines 
changes in cost and output that result from decisions to implement alternatives and alternative 
components.  ICA can be used to identify the least-cost alternative for producing every attainable 
level of environmental output, as well as identifying those alternatives where more output could 
be produced for the same or less cost.  Environmental scale selection choices based on average, 
instead of incremental cost information, can lead to misinformed and improper decision-making.  
The rationale behind ICA is to reveal the variation in cost between one alternative and another, 
whereas average cost tends to obscure the variation in cost between alternatives.  ICA is an 
invaluable tool in determining the appropriate scale of mitigation or restoration by revealing 
variations in cost between alternative; explicitly asking for each attainable increment of output, 
“Is it worth it?”  
 
The ICA for the TSCA HREP is performed in accordance with IWR-Planning Suite, with 
reference to the Principles and Guidelines of Institute of Water Resources (IWR) Report #95-R-
1, (1995).  Functional groups analyzed in the ICA are listed in Table 5-3.  The analysis assigns 
each functional group a letter.  Letters followed by a ‘1’ within an alternative name indicate that 
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measure is included in that alternative, whereas measures followed by a ‘0’ within an alternative 
name indicate that measure is excluded from that alternative.  For example, an alternative 
A1B_0BM0C0D0F0G1H1M0O0P0Q0R1S0 would include measures A1, G1, H1, and R1 while 
excluding measures B_0, BM0, C0, D0, F0, M0, O0, P0, Q0, and S0.  Alternatives analyzed for 
the TSCA HREP consisted of all possible combinations of letters; several thousand alternatives.  
 
Construction cost and relevant Operation, Maintenance, Replacement, Repair and Rehabilitation 
(OMRR&R) costs were computed for all measures and subsequently for all project alternatives 
(Table 5-4).  Average annual construction cost and average annual OMRR&R costs were 
calculated via cost stream analysis for each measure, assuming a 50-year project period of 
evaluation and a FY 2010 project discount rate of 4.375 percent.  The average annual cost for 
each measure is additive when computing the average annual cost of an alternative consisting of 
more than one measure.  For example, Alternative A0B_2BM0C1D1F0G0H0M0O0P0Q0R1S0, 
consisting of measures B_2, C1, D1 and R1, would have an average annual cost of $1,030,759 
(the sum of the average annual cost for measures B_2, C1, D1 and R1 at $408,020, $551,645, 
$54,039, and $17,055, respectively).  For the analysis, measure B_1 is a placeholder within the 
CE/ICA process.  B_1 was dropped from further consideration after preliminary ICA analysis.   
 
Table 5-4.  The construction cost, average annual cost, and operations, maintenance, repair, rehabilitation 
and replacement cost for each measure. 

Measure 
Included Construction Cost Average Annual  

Construction Cost 
Average Annual 
OMRR&R Cost 

Total Average  
Annual Cost 

(No Action) $0 $0 $0 $0 
A1 $10,310,000 $511,141 $0 $6,804 
B1 N / A N / A N / A N / A 
B2 $8,230,000 $408,020 $0 $408,020 
B3 $1,853,000 $91,866 $0 $91,866 
B4 $2,385,000 $118,242 $0 $118,242 
B5 $2,299,000 $113,978 $0 $113,978 
B6 $1,965,000 $97,419 $0 $97,419 
B7 $4,264,000 $211,397 $0 $211,397 
B8 $4,238,000 $210,108 $0 $210,108 
B9 $4,684,000 $232,219 $0 $232,219 
B10 $3,818,000 $189,286 $0 $189,286 
BM1 $1,973,000 $97,816 $0 $97,816 
BM2 $3,826,000 $189,682 $0 $189,682 
BM3 $4,358,000 $216,057 $0 $216,057 
BM4 $4,272,000 $211,794 $0 $211,794 
BM5 $3,938,000 $195,235 $0 $195,235 
BM6 $6,237,000 $309,213 $0 $309,213 
BM7 $6,211,000 $307,924 $0 $307,924 
BM8 $6,657,000 $330,035 $0 $330,035 
BM9 $5,791,000 $287,101 $0 $287,101 
BM10 $3,728,000 $184,824 $0 $184,824 
BM11 $5,581,000 $276,690 $0 $276,690 
BM12 $6,113,000 $303,065 $0 $303,065 
BM13 $6,027,000 $298,802 $0 $298,802 
BM14 $5,693,000 $282,243 $0 $282,243 
BM15 $7,992,000 $396,221 $0 $396,221 
BM16 $7,966,000 $394,932 $0 $394,932 
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Measure 
Included Construction Cost Average Annual  

Construction Cost 
Average Annual 
OMRR&R Cost 

Total Average  
Annual Cost 

BM17 $8,412,000 $417,043 $0 $417,043 
BM18 $7,546,000  $374,109 $0  $374,109 
C1 $11,127,000 $551,645 $0 $551,645 
D1 $1,090,000 $54,039 $0 $54,039 
F1 $580,000 $28,755  $0 $28,755  
G1 $61,000 $3,024 $0 $3,024 
H1 $57,000 $2,826 $0 $2,826 
M1 $9,315,000 $461,811 $33,544 $495,355 
M2 $5,910,000 $293,001 $56,597 $349,123 
O1  $590,000 $29,251 $0 $29,251 
O2 $1,550,000 $76,845 $0 $76,845 
O3  $1,060,000 $52,552 $0 $52,552 
P1 $331,563 $16,438 $0 $16,438 
Q1 $245,000 $12,146 $0 $12,146 
R1 $344,000 $17,055 $0 $17,055 
S1 $8,250,000 $409,012 $0 $409,012 
 
5.2.1.  Determining Cost Effective Alternatives.  Using ICA, several progressive steps are 
taken to identify the most cost-effective alternatives.  These steps are described below. 
 
Prior to identifying cost effective alternatives, all alternatives are sorted by Net AAHUs (output 
level), from lowest to highest.  After sorting by Net AAHUs (output level), any non-cost effective 
alternatives are identified as either Inefficient in Production or Ineffective in Production.  
Inefficient in Production is defined as any alternative where the same output level can be generated 
at a lesser cost by another alternative.  The alternatives are evaluated and wherever there are two or 
more alternatives providing the same output level, aside from any other considerations (i.e., 
uncertainty about the reliability of cost or output estimates), the more costly alternative(s) 
generating that same output level is eliminated.  Next, any alternatives that are Ineffective in 
Production are identified.  Ineffective in Production is defined as any alternative where a greater 
output level can be generated at a lesser or equal cost by another alternative.  With the alternatives 
still sorted by output level (Net AAHUs), a pair-wise comparison of output level and average 
annual cost is made for all remaining alternatives that ‘passed’ the Inefficient in Production 
screening in the previous step.  The alternatives are evaluated and any alternative generating less 
output at an equal or greater cost is eliminated.  These steps identify the least-cost alternative for 
every level of output under consideration.  This process resulted in 256 cost-effective alternatives. 
 
5.2.2.  Incremental Cost Analysis (ICA).  Incremental cost analysis was conducted on the 
remaining 256 alternatives.  Incremental cost is the additional cost incurred by selecting one 
alternative over another, and is computed by subtracting the cost of one alternative from another.  
Similarly, incremental output is the additional output generated by selecting one alternative over 
another. The first step is to compute the incremental change in cost and incremental change in 
output from implementing each remaining alternative over the No Action Alternative.  The No 
Action Alternative is considered the baseline condition.  Next, the alternative yielding the lowest 
incremental cost per unit over the No Action Alternative is identified.  In other words, this 
identified alternative is the most cost effective remaining alternative for production of Net 
AAHUs over the No Action Alternative.  After identifying this alternative with the lowest 
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incremental cost per unit (i.e., the most cost efficient from a production perspective, producing 
output at the lowest unit cost), any alternatives generating a lower output level are removed from 
further consideration.  The eliminated alternatives are less efficient in production, producing a 
lower level of output at a higher incremental unit cost.  The remaining alternatives are further 
evaluated via repeated steps of this ICA process, where the most cost effective remaining 
alternative becomes the new baseline condition against which each remaining alternative is 
compared.  This iterative process continues until only the most cost effective, production 
efficient alternatives remain.  When the most cost effective remaining alternative is the last 
alternative evaluated, the ICA process is complete. 
 
There are fifteen alternatives (including the No Action Alternative) which make up the most cost 
effective, production efficient alternatives (Table 5-5).  Also known as best buy alternatives, 
these alternatives can be used to determine the desired project scale for environmental restoration 
planning.  Characteristic of best buy alternatives, the incremental average annual cost per unit 
increases with successive larger levels of incremental output (Net AAHUs) (Fig. 5-1).  
 

 
Figure 5-1.  Average annual incremental cost per unit and output (net AAHUs) for all best buy 
alternatives. The graph depicts alternatives 1-15, from left to right, respectively. Alternative 1, the No 
Action Alternative has zero cost and zero output thus the first visible bar is best buy Alternative 2.  See 
Tabe 5-5 for details on each best buy alternative. 
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Table 5-5.  The features that are incorporated into the fifteen best buy alternatives and the cost and output of each of these alternatives. 
(#)  Best Buy Alternatives with Description Construction 

Cost 
Output 

(Net 
AAHUs) 

Average 
Annual 

Cost 

Incremental 
Output 

(Net AAHUs) 

Average Annual 
Incremental 

Cost 

Average Annual 
Incremental Cost 

per Unit 
(1)  A0B_0BM0C0D0F0G1H0M0O0P0Q0R0S0 

(No Action) 
$0 0.00 $0 0.00 $0 $0.00 

(2) A0B_0BM0C0D0F0G1H0M0O0P0Q0R0S0 
Horseshoe Northeast Hardmast 

$61,000 12.87 $3,024 12.87 $3,024 $234.97 

(3) A0B_0BM0C0D0F0G1H1M0O0P0Q0R0S0 
Horseshoe Northeast Hardmast  
Horseshoe Northwest Hardmast  

$118,000 22.95 $5,850 10.08 $2,826 $280.36 

(4) A0B_0BM0C0D0F0G1H1M0O3P0Q0R0S0 
Horseshoe Northeast Hardmast  
Horseshoe Northwest Hardmast  

Deadman's Slough Riffles/Hard Point Combo 

$1,178,000 205.44 $58,402 182.49 $52,552 $287.97 

(5) A0B_0BM1C0D0F0G1H1M0O3P0Q0R0S0 
Create North & South Management Units  

Horseshoe Northeast Hardmast  
Horseshoe Northwest Hardmast  

Deadman's Slough Riffles/Hard Point Combo 

$3,151,000 377.78 $156,218 172.34 $97,816 $567.58 

(6) A0B_0BM1C0D1F0G1H1M0O3P0Q0R0S0 
Create North & South Management Units  

Nose Slough Water Drainage 
Horseshoe Northeast Hardmast  
Horseshoe Northwest Hardmast  

Deadman's Slough Riffles/Hard Point Combo 

$4,241,000 456.48 
 
 
 

$210.257 78.70 $54,039 $686.65 

(7) A0B_0BM1C0D1F0G1H1M0O3P0Q1R0S0 
Create North & South Management Units  

Nose Slough Water Drainage 
Horseshoe Northeast Hardmast  
Horseshoe Northwest Hardmast  

Deadman's Slough Riffles/Hard Point Combo  
Plant Floodplain Forest in Horseshoe Northwest 

$4,486,000 471.37 $222,403 14.89 $12,146 $815.72 

(8) A0B_0BM1C0D1F0G1H1M2O3P0Q1R0S0 
Create North & South Management Units  

Nose Slough Water Drainage 
Horseshoe Northeast Hardmast  
Horseshoe Northwest Hardmast 

Diesel Pump 
Deadman's Slough Riffles/Hard Point Combo  

Plant Floodplain Forest in Horseshoe Northwest 

$10,396,000 824.41 $572,002 353.04 $349,599 $990.25 
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(#)  Best Buy Alternatives with Description Construction 
Cost 

Output 
(Net 

AAHUs) 

Average 
Annual 

Cost 

Incremental 
Output 

(Net AAHUs) 

Average Annual 
Incremental 

Cost 

Average Annual 
Incremental Cost 

per Unit 
(9) A0B_0BM3C0D1F0G1H1M2O3P0Q1R0S0 

Create North & South Management Units and S MDC Setback 
Nose Slough Water Drainage 

Horseshoe Northeast Hardmast  
Horseshoe Northwest Hardmast 

Diesel Pump 
Deadman's Slough Riffles/Hard Point Combo  

Plant Floodplain Forest in Horseshoe Northwest 

$12,781,000 928.53 $690,243 104.12 $118,241 $1,135.62 

(10) A0B_0BM3C0D1F0G1H1M2O3P1Q1R0S0 
Create North & South Management Units and S MDC Setback 

Nose Slough Water Drainage 
Horseshoe Northeast Hardmast  
Horseshoe Northwest Hardmast 

Diesel Pump 
Deadman's Slough Riffles/Hard Point Combo 

Plant Floodplain Forest in Horseshoe Northeast  
Plant Floodplain Forest in Horseshoe Northwest 

$13,112,563 942.80 $706,681 14.27 $16,438 $1,151.93 

(11) A0B_0BM7C0D1F0G1H1M2O3P1Q1R0S0 
Create North & South Management Units and N & S MDC Setback 

Nose Slough Water Drainage 
Horseshoe Northeast Hardmast  
Horseshoe Northwest Hardmast 

Diesel Pump 
Deadman's Slough Riffles/Hard Point Combo 

Plant Floodplain Forest in Horseshoe Northeast  
Plant Floodplain Forest in Horseshoe Northwest 

$14,965,563 1,022.10 $798,548 79.30 $91,687 $1,158.47 

(12) A0B_0BM7C1D1F0G1H1M2O3P1Q1R0S0 
Create North & South Management Units and N & S MDC Setback 

External Water Drainage 
Nose Slough Water Drainage 

Horseshoe Northeast Hardmast  
Horseshoe Northwest Hardmast 

Diesel Pump 
Deadman's Slough Riffles/Hard Point Combo 

Plant Floodplain Forest in Horseshoe Northeast  
Plant Floodplain Forest in Horseshoe Northwest 

$26,092,563 1,469.12 $1,350,193 447.02 $551,645 $1,234.05 

(13) A0B_0BM16C1D1F0G1H1M2O3P1Q1R0S0 
Create Three Management Units and N & S MDC Setback 

  External Water Drainage 
Nose Slough Water Drainage 

Horseshoe Northeast Hardmast  

$27,847,563 1,527.18 $1,437,201 58.06 $87,008 $1,498.59 



Upper Mississippi River System 
Environmental Management Program 

 
Ted Shanks Conservation Area HREP 

43 

(#)  Best Buy Alternatives with Description Construction 
Cost 

Output 
(Net 

AAHUs) 

Average 
Annual 

Cost 

Incremental 
Output 

(Net AAHUs) 

Average Annual 
Incremental 

Cost 

Average Annual 
Incremental Cost 

per Unit 
Horseshoe Northwest Hardmast 

Diesel Pump 
Deadman's Slough Riffles/Hard Point Combo 

Plant Floodplain Forest in Horseshoe Northeast  
Plant Floodplain Forest in Horseshoe Northwest 

(14) A0B_0BM16C1D1F0G1H1M2O3P1Q1R1S0 
Create Three Management Units and N & S MDC Setback 

  External Water Drainage 
Nose Slough Water Drainage 

Horseshoe Northeast Hardmast  
Horseshoe Northwest Hardmast 

Diesel Pump 
Deadman's Slough Riffles/Hard Point Combo 

Plant Floodplain Forest in Horseshoe Northeast  
Plant Floodplain Forest in Horseshoe Northwest 

Plant Floodplain Forest in Horseshoe South 

$28,191,563 1,537.63 $1,454,256 10.45 $17,055 $1,632.06 

(15) A0B_0BM16C1D1F1G1H1M2O3P1Q1R1S0 
Create Three Management Units and N & S MDC Setback 

External Water Drainage 
Deep Holes 

Nose Slough Water Drainage 
Horseshoe Northeast Hardmast 
Horseshoe Northwest Hardmast 

Diesel Pump 
Deadman's Slough Riffles/Hard Point Combo 

Plant Floodplain Forest in Horseshoe Northeast 
Plant Floodplain Forest in Horseshoe Northwest 

Plant Floodplain Forest in Horseshoe South 

$28,771,563 
 
 
 
 
 
 
 
 
 
 
 

1,541.68 
 
 
 
 
 
 
 
 
 
 
 

$1,483,011 
 
 
 
 
 
 
 
 
 
 
 

4.05 
 
 
 
 
 
 
 
 
 
 
 

$28,755 
 
 
 
 
 
 
 
 
 
 
 

$7,100.00 
 
 
 
 
 
 
 

 
5.2.3.  ICA Conclusions.  The best buy alternatives presented provide the information necessary to make well-informed decisions 
regarding desired project scale (Table 5-5, Fig. 5-1).  Progressing through the increasing levels of output for the alternatives in 
Table 5-5 helps determine whether the increase in Net AAHUs is worth the additional cost.  The last three columns of Table 5-5 
display the increase in Incremental Cost, the accompanying increase in Incremental Output (Net AAHUs), and the increase in 
Incremental Cost per Unit (of Output or Net AAHUs), computed as Incremental Cost divided by Incremental Output.  As long as 
decision makers consider a level of output to be “worth it”, subsequent levels of output are considered.  When a level of output is 
determined to be “not worth it”, then subsequent levels of output will also likely be “not worth it”, and the final decision regarding 
desired project scale for environmental restoration planning will have been reached.  
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For example, if it is determined Alternative 2, generating 12.87 habitat units at an incremental 
cost of $234.97 per unit, is “worth it”; i.e., preferred to the No Action Alternative, then one 
would proceed to the next level of output to determine if it is worth its additional cost.  
Proceeding to the next level of output reveals Alternative 3 generates an increase in habitat units 
of 10.08, at a higher incremental cost of $280.36 per unit.  In other words, since Alternative 3 is 
Alternative 2 plus the inclusion of the planting hardmast trees in Horseshoe Northwest, the 
statement can be made that Alternative 2 generates the first 12.87 habitat units at a cost of 
$234.97 per unit, while Alternative 3 generates the same output per unit as Alternative 2 PLUS 
an additional 10.08 habitat units at a cost of $280.36 per unit.   
 
Typically in the evaluation of Best Buy Alternatives, ‘break points’ are identified in either the 
last column in Table 5-5, or the stair step progression from left to right in Figure 5-1.  Break 
points are defined as significant increases or ‘jumps’ in Incremental Cost per Output, such that 
subsequent levels of output may/may not be considered “worth it”.  Identification of such 
breakpoints can be subjective.  In both Table 5-5 and Figure 5-1, breakpoints are subjectively 
identified as occurring between Alternatives 4 and 5; 7 and 8, 8 and 9, 12 and 13, and 14 and 15.  
However, Alternative 8 and 12 generate significantly higher levels of output than any other 
Alternative, 353.04 Net AAHUs and 447.02 Net AAHUS, respectively, making the decision to 
continue evaluating and considering Best Buy Alternatives beyond the first two breakpoints 
logical.   
 
Alternative 12 generates a total of 1,469.12 Net AAHUs.  Alternative 13 generates an additional 
58.06 Net AAHUs over Alternative 12 at an incremental cost of $1,498.59 per unit, totaling 
1,527.98 Net AAHUs.  Even though there are two Best Buy Alternatives generating greater Net 
AAHUs than Alternative 13, Alternative 13 generates 99.1 percent of the total 1,541.68 Net 
AAHUs attainable from even the most robust Best Buy Alternative, Alternative 15.   
 
Looking at the last two Best Buy Alternatives (14 and 15), Alternative 14 generates 10.45 
additional Net AAHUS over Alternative 13.  However, those additional 10.45 Net AAHUs come 
at an incremental cost of $1,632.06 per unit.  Finally, Alternative 15, identified as both the last 
breakpoint and the last Best Buy Alternative, generates only 4.05 additional Net AAHUs over 
Alternative 14, yet those additional 4.05 Net AAHUs come at a considerably higher incremental 
cost of $7,100.00 per unit.   
 
Therefore, Alternative 13, generating a total of 1,527.98 Net AAHUs, is identified as the desired 
project scale.  Alternative 13 is recommended as the NED Best Buy Alternative. 
 
5.3.  Selection of the Tentatively Selected Plan.  The ICA best buy alternatives were assessed 
on their ability to meet project objectives and achieve the four Planning and Guidance evaluation 
criteria identified in ER 1105-2-100.   The four evaluation criteria are acceptability, 
completeness, effectiveness, and efficiency.  The definitions, as shown below, were provided 
prior to evaluation. 
 
The best buy alternatives’ ability to meet the three project objectives identified for the TSCA 
Project was evaluated.  Ted Shanks Conservation Area project objectives are: 
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1. Improve water level management 
2. Increase quantity and quality of bottomland and floodplain forest 
3. Improve aquatic habitat 
 

Acceptability is the workability and viability of the alternative with respect to acceptance by 
Federal and non-Federal entities and the public and compatibility with existing laws, regulations, 
and public policies.  Two primary dimensions to acceptability are implementability and 
satisfaction.  Implementability means that the alternative is feasible from technical, 
environmental, economic, financial, political, legal, institutional, and social perspectives.  If it is 
not feasible due to any of these factors, then it cannot be implemented, and therefore is not 
acceptable.  An infeasible alternative should not be carried forward for further consideration.  
However, just because an alternative is not the preferred alternative of a non-Federal sponsor 
does not make it infeasible or unacceptable.  The second dimension to acceptability is the 
satisfaction that a particular alternative brings to government entities and the public.  Obviously, 
the extent to which an alternative is welcome or satisfactory is a qualitative judgment.  
Nevertheless, discussions as to the degree of support (or lack thereof) enjoyed by particular 
alternatives from a community, state (Department of Natural Resources), or other national or 
regional (Ducks Unlimited) organizations, for example, are additional pieces of information that 
can help planners evaluate whether to carry forward or screen out alternatives. 
 
Completeness is the extent to which an alternative provides and accounts for all necessary 
investments or other actions that ensure the realization of the planning objectives.  To establish 
the completeness of an alternative, it is helpful to list those factors beyond planning team control 
which are required to make the alternative’s effects (benefits) a reality. 
 
Effectiveness is the extent an alternative alleviates the specified problems and achieves the 
specified opportunities.  An effective alternative is responsive to the identified needs and makes 
a significant contribution to the solution of some problem or to the realization of some 
opportunity.  It also contributes to the attainment of planning objectives.  The most effective 
alternatives make significant contributions to all the planning objectives.  Alternatives that make 
little or no contribution to the planning objectives can be rejected because they are relatively 
ineffective.  Another factor that can impact the effectiveness of an alternative is whether there is 
substantial risk and uncertainty associated with the alternative.  If the functioning or success of 
an alternative is uncertain, or less certain than another alternative, its effectiveness may be 
compromised and should be discussed. 
 
Efficiency is the extent to which an alternative is the most cost-effective means of alleviating the 
specified problems and realizing the specified opportunities, consistent with protecting the 
Nation’s environment (P&G Section VI.1.6.2(c) (3)). 
 
To allow for easier comparison, a matrix was prepared to rank each best buy alternative 
according to how well the alternatives met the four evaluation criteria while considering the 
project objectives (Table 5-6).  The following is a discussion of the factors considered when 
ranking the alternatives in Table 5-6.  
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Table 5-6.  Best buy alternatives evaluated on their ability to achieve the four Planning and Guidance Evaluation criteria and achieve project 
objectives.  The tentatively selected plan is denoted by an asterisk and bolded. 

1. Each alternative includes its functional group and the groups of the alternatives before it except for alternative 13 which replaces the North and South 
management unit functional group with the three management units functional group.  

2. Alternatives improve: ID = internal drainage, M = water management, S = water supply and ED = external drainage. 
3. Alternatives increase the quantity of B = bottomland forest and F = floodplain forest until the next overtopping flood (temporary) or for the project life. 
 
Alternatives 1 - 12:  These alternatives do not include increased external water drainage.  Although alternatives 1 - 12 are best buys 
and thus cost effective alternatives, without improved water drainage restoration of the site’s plant community is likely to be 
ineffective.  Thus these alternatives do little to address the problems and opportunities at TSCA in the long term making them less 
effective.  Additionally without improved water drainage, supporting agencies are likely to find the alternative unacceptable.  
 
  

      P&G Evaluation Criteria       

    Additional Group1 Acceptability Completeness Effectiveness Efficiency Improve water level 
management2 

Increase quantity of 
bottomland and 
floodplain forest3 

Improve 
aquatic 
habitat 

B
es

t B
uy

 A
lte

rn
at

iv
es

 

Alt. 1  
No Action None Low High Low Low No No No 

Alt. 2 HNE hardmast Low High Low Low No Yes temporary (B) No 

Alt.  3 HNW hardmast Low High Low Low No Yes temporary (B) No 
Alt. 4 Deadman's Slough Medium High Low Medium No Yes temporary (B) Yes 
Alt. 5 N & S management units Medium High Low Low Yes (M) Yes temporary (B) Yes 
Alt. 6 WC structures NS1 & NS2 Medium High Low Medium Yes (ID, M) Yes temporary (B) Yes 
Alt. 7 HNW floodplain forest Medium High Low Medium Yes (ID, M) Yes temporary (B, F) Yes 
Alt. 8 Diesel pump Medium High Low Medium Yes (ID, M, S) Yes temporary (B, F) Yes 
Alt. 9 S. MDC setback Medium High Medium Medium Yes (ID, M, S) Yes temporary (B, F) Yes 
Alt. 10 HNE floodplain forest Medium High Medium Medium Yes (ID, M, S) Yes temporary (B, F) Yes 
Alt. 11 N. MDC setback Medium High Medium Medium Yes (ID, M, S) Yes temporary (B, F) Yes 
Alt. 12 External water drainage Medium High High High Yes (ID, ED, M, S) Yes  proj. life (B, F) Yes 
*Alt. 131 N & S 3 management units High High High High Yes (ID, ED, M, S) Yes  proj. life (B, F) Yes 
Alt. 14 HS floodplain forest Medium High High Medium Yes (ID, ED, M, S) Yes  proj. life (B, F) Yes 
Alt. 15 Deep holes Medium High High Low Yes (ID, ED, M, S) Yes  proj. life (B, F) Yes 
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Alternative 2 - 3:  New tree mortality information indicates that without improved drainage the 
benefits derived from tree planting are temporary.  In 2008, the Ted Shanks levee overtopped 
killing trees replanted after the 1993 flood.  Therefore it is unlikely that proposed tree planting 
would succeed without improved water drainage making these alternatives inefficient, 
ineffective, and unacceptable.  
  
Alternative 4:  The improvements proposed for Deadman’s Slough would enhance the aquatic 
habitat and improve the functional life span of the Slough to or beyond the project life making 
this alternative more efficient.  
 
Alternative 5:  The creation of a north and south management unit would improve internal water 
management and promote better habitat.  However, any habitat gains would be lost during 
overtopping events as management unit creation would further slow drainage.  Without 
improved water drainage, this alternative makes the project less efficient.  
 
Alternative 6:  The improvement to the Nose Slough water control structures would improve 
drainage for that unit for the life of the project making this alternative more efficient.  This 
would improve the health of forests contained within the Nose Slough Unit. 
 
Alternative 7:  Additional tree planting is not likely to contribute to the project without improved 
water drainage. 
 
Alternative 8:  The new diesel pump station would reduce the amount of time required to flood 
the project area to provide food for migrating birds.  This would allow site managers to begin 
flooding the site later promoting tree health and seed production.  This alternative would better 
achieve project objectives increasing effectiveness.  However, drainage remains impaired and the 
habitat and species that utilize the site will continue to be greatly affected. 
 
Alternative 9:  The construction of the S. MDC levee setback would place one third of the 
remaining hardwood forest in the Horseshoe Unit outside the levee.  This would eliminate the 
risk of negative impacts from ponded water on this forest.  The setbacks would reduce the size of 
the management areas, making TSCA easier to drain.  The incorporation of the levee setback 
makes this alternative more effective at addressing project objectives.  Most importantly, the 
levee setbacks would reconnect a portion of bottomland hardwood floodplain to the river 
restoring some of the historical functions and processes.  This reconnection would allow aquatic 
organisms from the river to access the floodplain and its rich resources for reproduction, feeding, 
nursery and over-wintering.  The functions and processes of connected floodplains are 
recognized as being nationally important in Executive Orders 11988 and 11990.   
 
Alternative 10:  Additional tree planting is not likely to contribute to the project without 
improved water drainage. 
 
Alternative 11:  The construction of the N. MDC levee setback would place two thirds of the 
remaining hardwood forest in the Horseshoe Unit outside the levee.  This would eliminate the 
risk of negative impacts from ponded water on over 60 acres of existing hardwood forest.  The 
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setbacks would reduce the size of the management area by over 280 acres, making TSCA easier 
to drain.  Reconnection would allow the river to deliver nutrients to the area.  Scour from flood 
waters could create rare mudflat habitat utilized by endangered species like Boltonia decurrens.   
 
Alternative 12:  During the evaluation of the best buy alternatives, it was determined that 
external water drainage is crucial to overall project success.  This was partly due to the new tree 
mortality information.  The external water drainage significantly reduces the risk of tree 
mortality from overtopping floods making this alternative very efficient because all features are 
more likely to be successful.  This alternative is also very effective because it addresses all 
project objectives throughout the project life.  The external drainage also greatly increases the 
potential for successful summer draw downs which are needed for reed canary grass control.   
 
Alternative 13:  The creation of three management units allows the different habitat within the 
project area to be managed independently making it very acceptable.  Independent management 
allows site managers to optimize conditions for these habitats (scrub/shrub, forest, and aquatic 
area) improving species diversity and richness.  This alternative provides the best protection for 
area forests and promotes native species within the largest lake in the project area. 
 
Alternative 14:  After the 2008 flood, the project sponsor became concerned that tree planting in 
Horseshoe South (the wettest unit) would be unsuccessful. Thus, this alternative is less 
acceptable than Alternative 13.   
 
Alternative 15:  Creating deep water within Horseshoe Lake would provide refuge for fish.  
Horseshoe Lake is the largest lake on the area and supports the best fishery.  The deep water 
areas would enhance this.  However, the creation of these areas is very expensive making this 
alternative less efficient. 
 
5.4.  Tentatively Selected Plan.  Alternative 13 was selected by the PDT as the tentatively 
selected plan.  This alternative best meets the study objectives and has the approval of the 
USFWS and the MDC.  The plan improves internal and external water drainage, management, 
and supply.  It improves aquatic habitat and increases the bottomland and floodplain forest on the 
site while considerably increasing the chances for this forest’s survival.   
 
5.5.  National Ecosystem Restoration (NER) Plan.  Engineering Regulation 1105-2-100 directs 
that Corps of Engineers ecosystem restoration projects should contribute to national ecosystem 
restoration.  The NER plan reasonably maximizes ecosystem restoration benefits compared to 
costs, considering the cost effectiveness and incremental cost of implementing other restoration 
options.  The average annual habitat units utilized in the plan formulation process quantify the 
ecosystem restoration benefits.  Refer to Appendix D, Habitat Evaluation and Quantification, for 
a detailed description of the habitat analysis process.  Alternative 13 is also the NER Plan.  It is a 
best buy alternative that yields 1,527 net AAHUs at a cost of $1,498.59 per habitat unit. 
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Figure 5-2.  The features and borrow areas required for the tentatively selected plan. 
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5.6.  Consistency with USACE Campaign Plan.  The USACE has developed a Campaign Plan 
with a mission to “provide vital public engineering services in peace and war to strengthen our 
Nation’s security, energize the economy, and reduce risk from disasters.”  This study is 
consistent with the USACE Campaign Plan.  The second goal of the USACE Campaign Plan 
“Deliver enduring and essential water resource solutions…” is addressed by this study which 
collaborated with partners to develop a solution to the habitat degradation that has occurred from 
ponding floodwaters, an elevated water table, and invasive plant colonization.  This solution is 
projected to last at least 50 years but will likely persist much longer into the future.  The 
tentatively selected plan is also consistent with the third goal “Deliver innovative, resilient, 
sustainable solutions…”.  This study addresses the goal through the application of the planning 
process to formulate, analyze, and evaluate alternative designs in pursuit of a sustainable, 
environmentally beneficial, and cost-effective ecosystem restoration design. 
 
5.7.  Consistency with USACE Environmental Operating Principles. The U.S. Army Corps 
of Engineers has reaffirmed its commitment to the environment by formalizing a set of 
"Environmental Operating Principles" applicable to all its decision-making and programs.  The 
formulation of all alternatives considered for implementation met all of the principles.  However, 
as a function of the entire Environmental Management Program, the only principle not met fully 
is EOP #1 – Sustainability.  Sustainability is a goal of any Corps project.  This project, as a part 
of Upper Mississippi restoration, is just one part of many pieces that in their entirety, or 
cumulatively, lead to a more sustainable end result.  Therefore, as a standalone project, in the 
context of Upper Mississippi restoration, this project arguably falls short of EOP #1 because it 
does not address the entire system, but when added to other near-term, long-term, and other 
ongoing efforts, it provides its share of reaching sustainability. 
 
6.  TENTATIVELY SELECTED PLAN: DESIGN, CONSTRUCTION, OPERATION 
AND MAINTENANCE CONSIDERATIONS 

 
The features of the tentatively selected plan are designed to address study objectives (Table 6-1). 
 
Table 6-1.  Goals, objectives and the features of the tentatively selected plan that address them.  Some 
features of the tentatively selected plan address multiple objectives. 

Enhancement Features 

Goal :  Restore and enhance wetland habitat 
Objectives 

Improve water level 
management 

Increase quantity and quality of 
bottomland and floodplain forest 

Improve 
aquatic habitat 

Diesel pump station X  X 
Nose Slough water drainage X X  
External water drainage X X X 
Create three management units X X X 
Horseshoe Northwest hard mast  X  
Horseshoe Northeast floodplain forest  X  
Horseshoe Northwest hard mast  X  
Horseshoe Northwest floodplain forest  X  
North and South MDC Setback  X X 
Dredge Deadman’s Slough mouth, create 
riffle and hardpoint structures   X 
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A detailed description of the project features included in the tentatively selected plan is given in 
Section 4 above.  The most important feature of the tentatively selected plan is faster drainage of 
the project area.  Faster drainage would protect existing and proposed forest and allow for 
improved reed canary grass control.  This would allow for the conversion of the project area 
from a reed canary wetland with sporadic trees to a diverse wetland with forest stands.  To 
improve drainage, three peripheral structures would be constructed.  Each structure would be a 
double barrel 8 ft. wide × 6 ft. high concrete box culvert.  One peripheral structure would be 
constructed at the southern end of Horseshoe NW.  Another would be constructed at the 
southwest corner of Horseshoe S and the third would replace the 42 in. CMP structure at the end 
of Three Mile Ditch in Horseshoe S.  Hydraulic simulations indicate these structures would drain 
the project area more than twice as fast as the existing structures.  To further improve water 
drainage, sediment plugs throughout Three Mile Ditch would be removed.  The tentatively 
selected plan also involves the division of the existing Horseshoe Unit into three major 
management units, Horseshoe NW, NE and S.  This division would allow for targeted 
management of the different habitats within the project area.  To connect these units, three new 
internal 6 ft. diameter CMP structures (CN1, CW2, and CS3) would be constructed at the 
juncture between the three units (Fig. 5-2).  The two structures which drain Nose Slough into the 
Horseshoe Unit would also be replaced with larger 4 ft. × 4 ft. concrete box culvert structures to 
better protect existing hardwood forest.  Two areas of levee would be setback along the Salt 
River.  These setbacks would place existing forest outside the levee.  This would eliminate 
negative forest impacts from ponded water, reduce the size of the management areas, and 
reconnect 280 acres of bottomland hardwood floodplain to the river.  Trees would be planted 
throughout the two more northerly units at suitable elevations to hasten forest restoration.  
Outside the agricultural levee at the south end of the project area, Deadman’s Slough would be 
restored.  The mouth of Deadman’s Slough, which is nearly closed off, would be moved below 
an existing dike to reduce sedimentation.   Finally, rock structures would be installed throughout 
the slough to help maintain depth and create habitat diversity. 
 
6.1.  Construction Considerations 
 
6.1.1.  Storm Water Pollution/Erosion Control.  Storm water runoff from nearly all 
construction activities would be contained within the confines of the project due to the exterior 
agricultural levee.  Preparation of the fields for tree planting, berm and levee construction, and 
borrow excavation would expose soil.  Outside the levee, pump station pipe placement and 
excavation of a new mouth for Deadman’s Slough would disturb soil.  Temporary stabilization 
measures would be employed until vegetation is re-established.  These measures may include 
mulching, temporary seeding, and/or erection of silt fencing or placement of other filter material.  
Overall, the long-term storm water runoff characteristics are not expected to change.   
 
6.1.2.  Permits.  Public review and an application for water quality certification from the State of 
Missouri, as required by Section 404 and 401 of the Clean Water Act, will be issued and applied 
for during the public review of this document.  A Section 404(b) (1) Evaluation is included as 
Appendix B of this report.  A National Pollutant Discharge Elimination System (NPDES or 
Section 402) permit for storm water discharge will be acquired prior to initiation of construction. 
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6.1.3.  Historic Properties.  All impacts to archaeological site 23PI1402 - a multiple component 
prehistoric occupation considered potentially eligible for inclusion on the National Register of 
Historic Places - would be avoided.  The site’s location is not specified in this public document.  
The location will be detailed in the construction contract specifications with clear directions for 
the restriction of all construction activities.  A 100 ft. wide buffer will be placed around the site 
boundary and no construction activities will be allowed in this area. 
 
6.1.4.  Protected Species.  Bald Eagles - Consideration (in coordination with the USFWS) will 
be given during plans and specifications preparation to sequencing construction activities in a 
manner that minimizes impacts.  Specific restrictions relative to any sequencing will be included 
as part of the contract specifications.  The contracting officer will ensure appropriate compliance. 
 
Indiana Bat - Special conditions on the contracted work will require that tree clearing activities 
be scheduled outside May 1 - August 31 when Indiana bats are known to inhabit summer habitat.  
If tree clearing activities must occur during this period, coordination with the USFWS will occur.  
At a minimum a site visit by a team of biologists will be required to determine if any roost trees 
are among those proposed for removal.  If removal of a roost tree is proposed, then the District 
must enter into Section 7 consultation with the USFWS.  This consultation will determine if the 
proposed action is likely to jeopardize the continued existence of the Indiana Bat. 
 
Waterfowl - The development of plans and specifications will attempt to minimize disruption of 
migratory waterfowl during fall and early winter. 
 
6.1.5.  Construction Sequence.  The probable construction sequence for the tentatively selected 
plan features is summarized in Table 6-2.  Multiple features may be packaged into one contract 
depending on the amount of construction funding available.  No sequence would be required 
contractually.   
 
6.2.  Operational Considerations.  A brief description of pump operation and water control 
structures is given below.  A detailed operation description would be provided in the Operations 
and Maintenance manual after construction completion.   
 
6.2.1.  Pumps.  There are two 30,000 gpm diesel engine driven pumps in the proposed pump 
station.  Existing site staff would be required to fuel and operate these pumps.  To reach target 
water levels for each management unit, it is estimated that the pumps would be run for 55 days a 
year.  The pumps would require approximately 18,500 gallons of diesel fuel for one year of 
operation.   
 
6.2.2.  Water Control Structures.  Multiple large water control structures are a part of the 
tentatively selected plan.  All of the structures include one to several gates (sluice, slide, or 
canal) to control water movement.  The sluice gate operators are installed on individual corbels 
on the front upper edge of the wall.  The slide gate operator is installed on the face-mounted gate 
guide frame.  All operators would be constructed to allow manual operation and the use of a 
portable electric gate operator.  The gate operator, any necessary adapters, and a portable 
generator would be included. 
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Table 6-2.  The features in the tentatively selected plan (construction work items), instructions for their construction, their purpose and the tentative construction sequence. 
Sequence Construction Work Item Instructions Purpose 

1 MDC North Levee Setback After the setback is built, degrade existing levee for natural drainage Exclude trees to minimize flooding impacts and reconnect floodplain 
Provide access to HL1 

2 HL1 Water Control Structure Excavate channel between structure and existing lake last Drain Northwest unit 
Provide primary water control for remaining construction  

3 Upper Berm Utilize high ground where possible Separate Northeast unit from Northwest unit 
Provide access to control structures and pump station 

4 CW2 Water Control Structure Construct as detailed in report Provide water delivery to Northwest unit 
Assist site with drainage for construction 

5 Lower Berm Utilize high ground where possible Separate Northwest unit from South Unit 
Provide access to SR1 and levee setback site 

6 MDC South Levee Setback  After the setback is built, degrade existing levee for natural drainage Exclude trees to minimize flooding impacts and reconnect floodplain  
Provide access to SR1 

7 SR1 Water Control Structure 
Setback levee around structure from Salt River for structural integrity. 
Utilize existing levee as cofferdam.   

Drain South Unit and project area 
Primary drainage for entire TSCA HREP 

8 CN1 Water Control Structure Construct as detailed in report Provide water delivery and drainage to Northeast unit 
9 CS3 Water Control Structure Construct as detailed in report Provide water delivery and drainage to South unit 

10 Pump Station Channel and Berms 
Use excavated channel material for berms  
Maximize use of topography for berms and channel 

Provide water delivery to three new main management units 
Separate Northeast and South Units 

11 Pump Station Construct as detailed in report Pump water into or out of TSCA HREP 

12 DS1 Water Control Structure Construct as detailed in report Drain South Unit and project area 
Primary drainage for entire TSCA HREP 

13 Remove Interior Sediment Plugs Construct as detailed in report Re-establish natural drainage to improve flow to water control structures 

14 NS1 and NS2 Water Control Structures Construct as detailed in report Improve drainage for Nose Slough Unit 

15 Deadman’s Slough Entrance Construct as detailed in report Improve water flow through slough to prevent siltation 

16 Tree Plantings Plant after site dewatering between Mar 1 and May 15 or after Oct 1 and before 
the start of waterfowl season. Restore forests that historically existed at Ted Shanks 

17 Deadman’s Slough Rock Structures Construct as detailed in report, dependant on high water. Create habitat diversity and maintain channel 



Upper Mississippi River System 
Environmental Management Program 

 
Ted Shanks Conservation Area HREP 

 

54 

6.3.  Maintenance Considerations.  Routine maintenance would include periodic inspection and 
lubrication of the pumps and water control structures.  Additional activities would include 
inspecting shorelines and berms, adding/moving rip rap, mowing, burning, and planting.  The 
estimated annual maintenance costs are presented in Table 6-3.  These quantities and costs may 
change during final design. 
 
Maintenance after a flood would be more intensive.  The trailer mounted diesel pump engines 
and fuel tanks should be removed before a flood occurs.  After a flood, all features must be 
inspected for erosion and structural damage.  When a flood has inundated the pumps, they must 
be examined and serviced according to the manufacturer’s maintenance instructions.  Water 
control structures must also be inspected to determine if gates seal tightly and operators are 
functional.   
 
6.4.  Value Engineering.  A Value Engineering study was completed for this project in 
accordance with ER 11-1-321 Army Programs, Value Engineering, dated 28-30 March 2006.  
The VE study recommendations have been reviewed for technical acceptance and coordinated 
with the sponsor.  The adopted recommendations have been incorporated into the features 
discussed in this DPR  
 
7.  SCHEDULE FOR DESIGN AND CONSTRUCTION 
 
Table 7-1.  The tentative schedule for the project and necessary completion steps. 

Requirement Scheduled Date 
Distribute Draft DPR   Completed 15 July 2010 
Complete Internal Technical Review of Draft DPR Completed 30 July 2010 
Submit DPR for Public and Agency Review 17 Nov 2010 
Submit Final DPR to Mississippi Valley Division 3 Jan 2011 
Initiate Plans and Specifications Phased, 14 Jan 2011-2018 
Submit Plans and Specifications for Internal Technical Review Phased, 14 April 2012-2018 
Complete Plans And Specifications Phased, 13 May 2013-2018 
Advertise Contract Phased, 23 May 2013-2019 
Award Contract Phased, 1 Jul 2013-2019 
Complete Construction Phased, 1 Aug 2012-2019 
Prepare Operation And Maintenance Manual Phased, 1 Aug 2012-2019 
 
8.  COST ESTIMATES 
Table 8-1 compares costs for the fully funded estimate (FFE) and the current working estimate 
(CWE).  The FFE was calculated based on the proposed construction schedule, expected 
escalation costs, and a contingency factor, and represents the money expected to be spent at the 
end of project construction.  Table 8-2 and Appendix I provided detailed cost estimates of the 
proposed project features for the tentatively selected plan.  However, due to the sensitivity of 
providing this detailed cost information which could bias construction contract bidding, this 
material has been omitted for this public review.  A detailed estimate of operation, maintenance, 
and rehabilitation costs is presented in Table 8-3.  Table 8-4 presents the annual monitoring 
costs.  Quantities and costs may vary during final design.  The CWE is calculated using present 
worth (Oct 2010) and does not include future escalation. 
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Table 8-1.  Ted Shanks Habitat Rehabilitation and Enhancement Project fully funded estimate and 
current working estimate, October 2010 price level. 

Account Feature Fully Funded 
Estimate1 

Current Working 
Estimate 

1 Lands and Damages 0 0 
2 Relocations 0 0 
6 Fish and Wildlife Facilities $25,789,000  $23,564,000  

30 Planning, Engineering and Design $4,218,000  $3,551,000  
31 Construction Management $2,812,000  $2,305,000  

 Post Construction Monitoring $110,000 $86,000 
 Total Project Costs2 $32,929,000  $29,506,000  
1 Fully funded estimate is marked up to midpoint of construction. Markup equals 9.5%. 
2 Project features are on Federal land and therefore 100% Federally funded. 
 
Table 8-2.  Detailed project cost summary, October 2010 price level.  This table was OMITTED due to 
the sensitivity of the cost information contained within the table. 
 
Table 8-3.  Estimated average annual operations and maintenance costs for the tentatively selected plan. 

Item Annual Cost 
Operation $62,470 
Maintenance $12,770 
Rehabilitation $5,414 
Replacement $2,707 
Contingency $0 
  
Total Cost $83,361 
 
Table 8-4.  Estimated post construction annual monitoring costs. 

Item Pre-
Construction Construction Post-

Construction 
Monitoring $8,000 $0 $59,000 
Subtotal $67,000 
Contingencies (28.1%) $2,000  $17,000 
TOTAL $86,000 
1 Includes annual cost of evaluation report 
 
9.  ENVIRONMENTAL EFFECTS 

 
The tentatively selected plan would result in positive long-term benefits to wetland, floodplain 
forest, bottomland hardwood, and aquatic habitats located in and around TSCA (Table 9-1).  The 
project would result in some conversions of cover types, but the resulting changes would provide 
habitat to a greater diversity of species.  No Federally protected species would be negatively 
affected.  Due to construction, the project would result in short-term decreases in water quality, 
noise, air quality, and aesthetics and disturb area wildlife and public use.  Long-term benefits to 
area habitats would far outweigh the short-term impacts.  No significant negative social or 
economic impacts would result.  No impacts to historic properties are anticipated.  
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Table 9-1.  Summary and comparison of alternative environmental effects. 

  No Action: Alternative 12: 
Alternative 13 

(tentatively selected 
plan): 

Alternative 14: 

Historic and 
Cultural 

Resources 
 No effect No impacts No impacts No impacts 

Natural Resources 

Floodplain 
Habitat Negative impacts Positive and negative 

impacts 
Positive and negative 
impacts 

Positive and negative 
impacts 

Geology and 
Soils No effect Minor impacts  Minor impacts  Minor impacts  

Wildlife Negative impacts Positive impacts Positive impacts Positive impacts 
Aquatic 

Resources Negative impacts Positive impacts Positive impacts Positive impacts 

Water 
Quality Negative impacts Positive impacts Positive impacts Positive impacts 

Fisheries Negative impacts Positive impacts Positive impacts Positive impacts 
Endangered 

Species Negative impacts Positive impacts Positive impacts Positive impacts 

HTRW No impacts Minor impacts  Minor impacts  Minor impacts  
Socioeconomics  Negative impacts Positive impacts Positive impacts Positive impacts 

 
The environmental effects of Alternatives 12, 13, and 14 are presented below.  Alternatives that did not include the external water 
drainage functional group would not create long term benefits for the project area and were not considered viable.  In fact, 
implementing some functional groups (creating management units) without improving external water drainage would increase the 
likelihood of damage to the TSCA HREP habitat.  Thus, the environmental effects of these alternatives (1 - 11) were not analyzed.  
The environmental effects of Alternatives 15 are substantially the same as Alternative 14.  Alternative 12, 13, and 14 included many 
of the same functional groups.  Alternative 13 differs from Alternative 12 by including the functional group create three management 
units.  Alternative 14 differs by including the floodplain forest planting in Horseshoe South in addition to the creation of three 
management units.  When environmental effects of these alternatives are the same, they will be discussed collectively. 
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9.1. Historic and Cultural Resources.  In accordance with the National Historic Preservation 
Act, Executive Order 11593, and the Native American Graves Protection and Repatriation Act, 
as amended, the following steps have been taken.  Historic properties coordination under Section 
106 of the National Historic Preservation Act is being conducted using the “process and 
documentation required for the preparation of an EA/FONSI or an EIS/ROD to comply with 
Section 106 of the National Historic Preservation Act, in lieu of the procedures set forth in 36 
CFR 800.3 through 800.6” [35 Code of Federal Regulations (CFR) Part 800.8(c)].  Advance 
notice as required under 36 CFR 800.8(c) was provided to the Missouri State Historic 
Preservation Officer (SHPO) in a USACE letter dated July 7, 2010 (Appendix A).  Consultation 
was also initiated with a USACE letter dated July 13, 2007 to twenty Federally recognized tribes 
(Appendix A). 
 
The various alternatives include a variety of features.  Proposed features include planting trees, 
installing exterior and interior water control structures, removing sediment plugs from historic 
drainage ways, interior berm construction, installing a pump station, dredging to create thermal 
fish refuges, and installing rock structures in Deadman’s Slough.  Some of these measures would 
result in new ground disturbance.  The construction limits and project footprints (area of 
potential effect) were defined for each feature (Plates C2 - C16).  In September and October 
2009, a Phase I Archeological and Geomorphological survey of the area of potential effect was 
conducted (Bear Creek Archeology, 2009).  Auger testing was done at a 15 meter interval in 
areas determined to have good potential for archaeological sites based on the presence of 
developed soils.  One archeological site, 23PI1402, was identified.  Three positive auger tests 
(presence of worked lithic materials and charcoal) were the basis of recording 23PI1402 as a site.  
The site was determined to be a multi-component prehistoric short-term habitation site believed 
to be occupied by small groups.  23PI1402 potentially meets the requirements for NRHP listing 
under Criterion D.  The site’s location in this public document is not specified.  The location will 
be detailed in the construction contract specifications with clear directions for the restriction of 
all construction activities within a 100 ft. area.  Additionally, no features will be planned for this 
area.  If the project features and construction limits (APE) change from those investigated (Plates 
C2 - C16), additional archaeological field investigations may be required.  In the event that any 
other cultural properties are located during construction, all activity in the immediate area will 
halt until the site can be evaluated.  The site will be protected from construction impacts until its 
eligibility for the National Register is determined, in consultation with the Missouri Historic 
Preservation Officer, and appropriate mitigation measures are completed.  Should an inadvertent 
discovery of human remains occur, then Section 3 of the Native American Graves Protection and 
Repatriation Act (P.L. 101-601) will be followed.  
 
9.2. Natural Resources.  Impacts of the project on natural resources were evaluated using the 
Aquatic Habitat Appraisal Guide (AHAG) and Wildlife Habitat Appraisal Guide (WHAG).  
Section 5.1 and Appendix D contain details regarding this process.  Alternative 12, 13, and 14 
included many of the same functional groups.  Alternative 13 differs from Alternative 12 by 
including the functional group create three management units.  Alternative 14 differs by 
including the floodplain forest planting in Horseshoe South in addition to the creation of three 
management units. 
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9.2.1.  Floodplain Habitat.  
Floodplain Forest  
No Action:  Flood waters that overtop the exterior levee would continue to pond on the interior.  
These floodwaters would be drained through the pump station and 42 in. water control structure 
at the south end of the site.  Floodplain forest would continue to be negatively impacted each 
time the levee was overtopped due to prolonged inundation.  The inadequate water control would 
prevent drying out the site.  The persistent wet conditions would continue to promote reed canary 
grass domination which shades and crowds out tree seedlings.  This would prevent forest 
regeneration.  Overall, the quantity and quality of existing floodplain forest would continue to 
decline. 
 
Alternative 12:  Positive impacts would result primarily from the increased water control, levee 
setbacks, and approximately 296 acres of floodplain forest and 56 acres of bottomland hardwood 
forest tree plantings.  Impacts from placing water on the forested areas of the project, similar to a 
green tree reservoir, would be reduced by improved water management, setbacks, and pumping.  
Creating two separate water management units would allow for lower water levels in the 
northern unit.  The increased pumping capacity would allow for later fall flooding.  Both of these 
factors would improve tree health.  Improved water drainage capacity would allow summer 
water levels to be drawn down sooner and lower, improving reed canary grass management.  
This would improve the likelihood of natural forest regeneration.  As planted trees become 
established and natural regeneration occurs, the water table in the area may begin to drop due to 
forest transpiration.  One acre of mature forest can use 160,000 to 800,000 gallons of water per 
year (Vose et al. 2003).  This would further enhance tree seedling germination.   
 
By setting back the Salt River levee and degrading a portion of the existing levee, approximately 
11 acres of forest would be directly impacted.  The locations of the two 1,000 ft. levee degrade 
segments were chosen to avoid impacts to high-quality forest.  However, some tree removal 
would still be required.  Minor impacts resulting from tree removal would be outweighed by the 
benefit of protecting bottomland forest in this area.  Degrading the existing levee would reduce 
the length of time the existing forest is flooded when the levee is overtopped.  This would 
eliminate the risk of tree mortality from ponded floodwaters and management thus protecting the 
remaining high quality forests.   
 
Alternative 13 (tentatively selected plan):  In addition to the positive effects discussed in 
Alternative 12, Alternative 13 would also provide additional benefits to remnant forest located in 
the proposed Horseshoe NE Unit by creating three management units.  Independent control of 
the Horseshoe NE Unit would allow for more effective water management (i.e., water could be 
added to this unit later in the fall and removed earlier or faster) to prevent stress to existing trees.   
 
Alternative 14: In addition to the impacts from Alternatives 12 and 13, Alternative 14 would 
further enhance floodplain habitat by planting 167 acres of floodplain forest in the Horseshoe 
South Unit.  However, this is the wettest unit within the project area and site managers are 
concerned that these trees would not persist. 
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Wetlands  
No Action:  Currently, wetland water levels at TSCA are affected by river flooding, intentional 
inundation/drainage and localized rain events.  Site managers attempt to manage the site as a 
moist soil management unit.  Water levels are drawn down in the spring to promote vegetation 
growth and raised in the fall to provide food for migrating birds.  However, high water in spring 
frequently prevents site drainage.  Additionally to reach optimum water levels, fall pumping 
takes 35-40 days.  These factors in addition to the inability to drain floodwaters leads to 
prolonged inundation of the area, promoting reed canary grass invasion and killing trees. Overall, 
wetland plants would continue to decline due to poor water management capabilities and reed 
canary grass invasion.   
   
Alternative 12:  With the exception of the natural and manmade levees, the entire project area is 
classified as a wetland.  Consequently, there would be short-term negative effects on wetlands 
due to excavation and clearing.  However, disturbed sites would be restored to native wetland 
vegetation resulting in an overall improvement.  Approximately 23 acres of wetland would be 
converted to non-wetland as a result of berm construction and dredging/excavation of the mouth 
of Deadman’s Slough (Table 9-2).  The water control structures would permanently convert less 
than one acre of habitat due to their footprint.  Approximately 15 acres of wetland would be 
converted to non-wetland as a result of new levee setback construction.  An additional 11 acres 
would be restored by degrading the exterior agricultural levee outside the setbacks.  However, no 
high-quality wetlands would be impacted.   
 
Overall, the long-term impacts of the project would be positive.  The proposed project features 
would provide better drainage and improved water level control for the different habitats in the 
north and south management units.  Wetlands could be filled or drained to benefit aquatic and 
terrestrial wildlife.  Summer drawdowns would promote wetland plant germination, allow for 
sediment consolidation and help to eliminate reed canary grass monocultures.  Ultimately, 
predictable water control would lead to the development of quality wetland habitat.  Finally, the 
setbacks would reconnect 280 acres of bottomland forest and herbaceous wetland to the Salt 
River floodplain.   
 
Table 9-2.  Impacted acreages of the alternatives carried forward for evaluation.  Some impacts would be 
temporary while others would be permanent. 

Construction Activities Permanence Impacted acreage 
Alt. 12 Alt. 13 Alt. 14 

Borrow areas Temporary < 144 < 144 144 
Water control structures Temporary/permanent 25/1 25/1 25/1 
Pump Station Temporary/permanent 4/1 4/1 4/1 
Channel construction Temporary 19 19 19 
Sediment plug removal Temporary 7 7 7 
Interior berm construction Permanent 20 28 28 
Levee setback Permanent 15 15 15 
Levee degrade Temporary 11 11 11 
Tree planting Temporary 352 352 514 
Deadman’s Slough Permanent 3 3 3 
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Alternative 13(tentatively selected plan):  In addition to the impacts of Alternative 12, positive 
and negative impacts would result from creating a third water management unit.  Approximately 
eight acres would be permanently converted by the construction of a third interior berm to 
separate the north area into Horseshoe NE and NW.  This separation would allow targeted 
management to promote bottomland hardwood forest in Horseshoe NE and to promote 
Horseshoe Lake’s aquatic community in Horseshoe NW.  This would lead to long-term increases 
in habitat quality in both units. 
 
Alternative 14:  In addition to the impacts of Alternative 13, positive and temporary negative 
impacts would result from 167 acres of tree planting in Horseshoe South.  Planting would 
temporarily disturb wetland soils and vegetation.  If trees survive, the wetland would be 
permanently enhanced by the 167 acres of new trees. 
 
Missouri Plants of Concern 
Coontail (Ceratophyllum echinatum) is listed as critically imperiled on the MNHP 2007 Species 
of Conservation Concern List and may occur in the project area.  Other plants of concern listed 
for the region are not likely to occur within the project area.   
 
No Action:  Coontail has historically occurred in Horseshoe Lake but the population has greatly 
diminished over the years.  Existing coontail, if present, would continue to be negatively 
impacted by degraded water quality.  
 
Alternative 12:  With the exception of the excavation of the small area at the southern end of 
Horseshoe Lake, no direct impacts from construction would be expected.  Coontail populations 
may benefit from improved water drainage and tree plantings.  This species has likely been 
affected by the invasion of reed canary grass and would benefit from proposed habitat 
enhancements that promote plant diversity.  Indirect effects such as improved water quality 
would also benefit coontail by limiting duckweed and algal blooms.   
 
Alternatives 13 (tentatively selected plan) and 14:  Effects due to Alternatives 13 and 14 would 
be the same and will be discussed collectively.  With the separation of Horseshoe NW, water 
level management would be targeted at promoting the aquatic community in Horseshoe Lake.  
Coontail populations would likely benefit.   
 
9.2.2.  Geology and Soils.   
No Action:  No major impacts to geology and soils would be expected, although levee breaches 
and adjacent scour would continue to occur with overtopping floods. 
 
Alternatives 12, 13(tentatively selected plan), and 14:  Minor impacts to geology and soils would 
be expected due to construction activities and project features.  Construction of berms, 
excavation of channels, and use of borrow areas would impact existing topology and drainage.  
Improved drainage across the majority of the site and ponding in localized areas would be 
expected but would have minimal effects on soil characteristics.  Additionally, minor impacts 
would be expected in the setback areas.  Sediment loads from the Salt River may be deposited 
and soil eroded in the setback areas during flooding. 
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9.2.3.  Wildlife.   
No Action:  Wildlife would be negatively impacted through the continued degradation of habitat 
and natural resources in the project area, including wetlands, floodplain and bottomland forests, 
and aquatic resources.  For example, waterfowl use and harvest in the project area has declined 
since the 1993 flood (MDC pers. comm.).  This trend is expected to continue if no improvements 
are made.   
 
Alternatives 12, 13 (tentatively selected plan) and 14:  Due to improved drainage, the native 
plant community is likely to improve.  This would increase habitat diversity and improve habitat 
quality for a variety of resident and migratory wildlife.  Tree plantings would result in an 
increase in mast production, benefiting a variety of species.  Water level management would also 
improve food resource production and access for migrating birds.  The long-term impacts of 
habitat enhancement would be increased wildlife populations and diversity.   
 
Levee setbacks would provide additional wildlife benefits by improving the likelihood of the 
persistence and regeneration of existing mature bottomland hardwood forest.  Flooding is 
expected to occur in this area three out of every four years and would enhance habitat for species 
such as mallard, wood duck, prothonotary warbler, green-backed heron, beaver, and northern 
parula among others. 
 
Missouri Wildlife of Concern - Species designated as Missouri Wildlife of Concern that may be 
affected by the project include flat floater, American Bittern, King and Sora Rail, Least Bittern, 
and Indiana bat.  The Indiana bat is a Federally listed species and will be discussed under Section  
9.3 Endangered Species. 
 
Flat floater – The flat floater is a large, thin-shelled, fast-growing, short-lived mussel that does 
especially well in wetlands and seasonally flooded areas.   
 
No Action:  The flat floater has likely been impacted by past and current management of TSCA.  
Management involves drying the interior water bodies to control reed canary grass and promote 
vegetation growth.  However, these water bodies support the population and its host species 
(MDC pers. comm.).  Continued degradation of the site will decrease MDC’s ability to 
manipulate water levels potentially benefiting flat floater populations.  
 
Alternatives 12, 13(tentatively selected plan), and 14:  Proposed water control structures would 
allow site managers to dry interior water bodies more efficiently than the current structures.  
Greater drying of water bodies has the potential to expose larger numbers of flat floaters and 
potentially brood stock populations that provide the influx of new mussel for all of TSCA.  If 
TSCA is dried out too often or too many large areas are dried out, there may be a much larger 
negative impact than from current management impacts.  To prevent these impacts, lake edges 
would be monitored during draw down to determine impacts on the flat floater.  This information 
would be used to inform water level management to reduce or negate the impacts to this species.   
 
American Bittern, Least Bittern, King Rail and Sora Rail – These birds have similar habitats and 
occupy emergent vegetation along wetland borders or in flooded areas.  They seem to prefer 
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cattail, bulrush, and sedge.  Given similar habitat, impacts for these species would be similar and 
will be discussed collectively.   
 
No Action:  Similar to other wildlife, these species are negatively impacted by degrading natural 
resources in the project area, specifically wetlands and aquatic resources.   
 
Alternatives 12, 13(tentatively selected plan), and 14:  These alternatives would restore a more 
diverse native plant community, increase habitat diversity, and improve habitat quality used by 
these four species.  Water level management would reduce the dominance of reed canary grass, 
increase more desirable wetland habitats, and provide higher quality food resources and breeding 
areas.  Temporary displacement of these species may occur during construction.  However, 
impacts are likely to be short term and temporary. 
 
9.2.4.  Aquatic Resources.   
No Action:  Within the leveed interior, backwater sloughs, lakes and oxbows were historically 
shaded by area forests.  These forests also provided large quantities of detritus each fall.  Without 
a project, the areas interior aquatic resources will likely remain much the same as they are today.  
Sedimentation would continue in Deadman’s Slough closing off the mouth in 10 years according 
to best professional judgment of biologists familiar with the project.   
 
Alternative 12:  Short-term negative impacts, such as increased surface water turbidity, would be 
expected due to construction activities.  In the long-term the project would improve water quality 
throughout the project area.  Specifically, reforestation would decrease sun and wind exposure, 
consequently decreasing water temperature and turbidity.  Relocation and dredging of the mouth 
of Deadman’s Slough would increase water depths and maintain the slough’s river connection.  
Installation of rock structures would help to maintain the depth and provide important spawning 
habitat.  The levee setbacks would restore the Salt River’s connection to 280 acres of floodplain.  
This would allow aquatic organisms’ access to the flooded habitat providing benefits to the Salt 
River within and outside the project area.   
 
Alternative 13 (tentatively selected plan):  Creation of a third management unit would allow 
independent management to promote aquatic resources within Horseshoe NW.  Additionally the 
installation of non-fish friendly structures would reduce the invasion of non-native fish.  Non-
native fish uproot and consume aquatic plants.  Aquatic plants oxygenate the water, decrease 
turbidity and decrease water temperatures. 
 
Alternative 14:  The 167 acres of the tree planting would provide shade and wind breaks for the 
shallow water bodies within Horseshoe South.  This would likely improve water temperature and 
turbidity. 
 
9.2.5.  Water Quality.   
No Action:  The project area’s water quality would likely remain similar to current conditions. 
The sun and wind exposure caused by tree mortality would continue causing increased turbidity, 
increased summer water temperatures, and decreased dissolved oxygen.   
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Alternatives 12, 13(tentatively selected plan):  Long-term water quality improvements would 
occur as a result of improved water management and reforestation.  Improved water management 
would allow for summer draw downs to consolidate sediment which lowers turbidity and 
promotes aquatic plant growth.   Reforestation would decrease sun and wind exposure.  Setbacks 
reconnecting 280 acres of floodplain to the Salt River would provide minor water quality 
benefits outside the project area.  The wetlands in the setback areas would have some filtering 
capability to reduce sediment and nutrient loads during flood events.  Short-term minor increases 
in turbidity would occur due to construction activities. 
 
Alternative 14:  The 167 acres of the tree planting would likely improve water temperature and 
turbidity. 
 
9.2.6.  Fisheries.   
No Action: The fisheries throughout the project area are likely to continue their gradual decline.  
In the leveed interior, the aquatic and water quality conditions discussed above promote carp.  
The warm de-oxygenated conditions will likely continue to result in summer fish kills.  Outside 
the levee, Deadman’s Slough is predicted to become shallower and lose its river connection. 
These conditions could result in low dissolved oxygen in summer and freezing in winter, 
reducing or killing the slough’s fish population.  With isolation, the fish community would likely 
change to one preferring backwater conditions.  
 
Alternative 12:  The proposed features would have a positive impact on fish populations.  The 
two southern peripheral water control structures are designed and would be operated to promote 
fish access and spawning in Horseshoe S.  Horseshoe S could become a source for fish 
populations within the adjacent rivers.  Improvements to Deadman’s Slough would provide a 
persistent connection between the slough and river.  This would prevent freezing in the winter 
and help maintain dissolved oxygen concentration in the summer.  The addition of the rock 
structures would increase habitat diversity promoting fish diversity.  The deepwater habitat 
created by the rock structures and improved flow may support more catfish and bass and draw in 
species such as walleye and sauger.  In addition, improved flow coupled with the existing woody 
cover in the slough may bring in more crappie.  Since non-native silver carp seem to prefer water 
with little flow, improving flow in Deadman’s Slough may reduce the number of carp.   
 
Levee setbacks would increase the area available to spring flooding and fish spawning along the 
Salt River.  It is estimated that overbank flooding would occur in the setback area three out of 
every four years providing fish access to the bottomland forest and wetland resources within the 
setback area.  The setbacks’ benefits to the fisheries community would extend beyond the project 
area into the Salt and Mississippi River 
 
Alternative 13(tentatively selected plan) and 14:  Creating the Horseshoe NW unit would allow 
for targeted management of the fishery without impacting forested habitat outside the unit.  
Water levels would be maintained during spawning.  Occasional drawdowns could be 
implemented to control non-native fish populations.  Additionally, proposed water control 
structures would be designed to prevent river fish from entering the unit reducing invasive 
species colonization.   
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Missouri Fish of Concern  
No Action, Alternatives 12, 13(tentatively selected plan), and 14:  No impacts to Missouri fish of 
concern would be expected.  The only known fish of concern to be reported in the project area is 
Lake Sturgeon.  This species has not been found in the project area since 2002.   
 
9.3.  Hazardous, Toxic and Radioactive Waste.  The Phase I Environmental Site Assessment 
revealed no obvious indications of potential contamination sources or migration pathways from 
surrounding properties and no recognizable environmental conditions (REC) in connection with 
the project area.   
 
No Action:  No HTRW impacts would occur. 
 
Alternatives 12, 13(tentatively selected plan), and 14:  No major impacts would be expected.  A 
short-term risk for a fuel spill during construction activities would exist.  The contractor would 
be required to have a spill cleanup plan and utilize best management practices during 
construction.  Over the life of the project, a slight risk of a diesel fuel spill would exist at the 
proposed pump station.  A containment berm would be built around the diesel tanks to contain 
any spills.  Additionally, the diesel fuel storage tank would be removed prior to major flood 
events.  If a spill or damage to the tank occurred as a result of flooding, unforeseen 
circumstances, or regular maintenance activities, natural resources would be impacted.   
 
9.4.  Socioeconomic Resources and Human Use.   
No Action:  No impact to socioeconomic resources would be expected.  Human use of the 
project area would likely continue to decline as the habitat degrades.  Additionally, future 
overtopping flood events would prevent project area access for long periods.   
 
Alternatives 12, 13 (tentatively selected plan), and 14:  These alternatives have no measurable 
impacts on community cohesion; property values; industrial growth; life, health and safety; or 
privately owned farms.  The increase in recreational use with these alternatives would likely 
enhance community, regional, and business growth; and tax revenues.   For example, site 
managers estimate that hunting use within the area may double with the project; duck hunter use 
may increase from approximately 400 (current) to 800 (future) hunters utilizing the area in a 
season.  It is estimated that during its peak in the 1980s, duck hunter spent approximately $140 
per trip and supported 17 jobs in the local area (MDC 1987).  Using this estimate, the project 
would generate $560,000 in hunter spending.  This is an old estimate and does not include 
benefits from other visitors to Ted Shanks (bird watchers, fisherman, wildlife viewers etc.).  
Thus, benefits are likely to be greater than those estimated. 
 
No public opposition has been expressed, nor is any expected.  In the long-term, habitat 
enhancement would increase wildlife populations and diversity.  This would in turn enhance 
outdoor recreational opportunities including hunting, fishing and bird watching.  In the short-
term construction activities would likely disturb recreational activities within the project area.  
However, recreational activities could shift to the undisturbed upper half of TSCA.  Additionally, 
construction would create short-term employment opportunities.  
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Employment opportunities are evaluated using the U.S Army Corps of Engineers (USACE) 
Institute for Water Resources and the Louis Berger Group regional economic impact modeling 
tool called RECONS (Regional ECONomic System).  This modeling tool automates calculations 
and generates estimates of jobs and other economic measures such as income and sales 
associated with USACE’s ARRA spending and annual Civil Works program spending.  This 
model will be used as a means to document the performance of direct investment spending of the 
USACE as directed by the American Recovery and Reinvestment Act (ARRA).   
 
The analysis evaluated economic impacts at three levels of geography: region, state, and nation.   
For this project, the region and state impact areas are as follows:  Rural Area of the State of 
Missouri 
 
The USACE is planning on expending an average of $4,000,000 on this project annually.  Of this 
total project expenditure, $ 2,474,427 will be captured within the regional impact area.  The 
remainder of the expenditure will be leaked out to the state or the nation.  Construction funds 
expended on various services and products are expected to generate additional economic activity 
measured in both output and jobs (Table 9.3).  
 
Table 9-3.  Summary of economic impact of $4,000,000 in construction funding on the region, state and 
nation during project construction. 

 Local Capture Output Jobs Labor Income GRP 
Region $2,474,427          $3,122,235        26.4 $959,119 $1,166,919 
State $3,613,732 $6,773,355 52.3 $2,267,382 $3,002,691 
Nation $4,000,000 $12,535,693 79.4 $3,937,419 $5,720,661 
    
Aesthetic Resources   
No Action: The aesthetics of the project area are likely to continue to be impacted.  Ponding 
flood waters kill large amounts of vegetation.  Reed canary grass management involves tilling 
and spraying large areas most summers.   
 
Alternatives 12, 13(tentatively selected plan), and 14:  Short-term impacts would occur with 
construction equipment and soil disturbance.  In the long-term, aesthetic resources would 
improve as a result of tree plantings and the eventual reduction in reed canary grass management.  
 
9.5. Endangered Species – Biological Assessment.   
In compliance with Section 7(c) of the Endangered Species Act of 1973, as amended, the U.S. 
Fish and Wildlife Service provided a listing of federally threatened, endangered, or candidate 
species or designated critical habitat that may occur in the vicinity of TSCA.  Table 9-4 provides 
a list of Federally threatened and endangered animals and plants that was compiled from the 
USFWS Coordination Act Report (Appendix A) and the USFWS website for Pike County, 
Missouri (USFWS 2007a). 
 
Table 9-4.  Federally endangered and threatened species potentially occurring in Pike County. 

Common Name Scientific Name Status Habitat 

Gray Bat Myotis grisescens Endangered Caves; feeding-rivers/reservoirs adjacent to 
forest 
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Indiana Bat* Myotis sodalis Endangered 
Hibernacula = Caves and mines; Maternity and 
foraging habitat = small stream corridors with 
riparian woods; upland forests 

Fat Pocketbook* Potamilus capax Endangered Rivers 
Higgins eye 
pearlymussel Lampsilis higginsii Endangered Rivers 

Decurrent False Aster Boltonia decurrens Threatened Disturbed alluvial soils 
Eastern prairie fringed 
orchid Platanthera leucophaea Threatened Mesic to wet prairies 

Spectaclecase Cumberlandia monodonta Candidate Mississippi River 
Sheepnose Plethobasus cyphyus Candidate Rivers 
* May occur within the project area. 
 
9.5.1.  Indiana Bat - Endangered.  Indiana Bat forage on flying insects typically along the 
shorelines of rivers and lakes, in the canopy of trees in floodplains (Humphrey et al. 1977), and 
in upland forests (Brack and LaVal 1985).  In summer, habitat consists of wooded or semi-
wooded areas, mainly along streams.  Females bear their offspring in hollow trees or under loose 
bark of living or dead trees.  Trees standing in sunny openings are attractive because of warmer 
air spaces and crevices under the bark.  Maternity sites have been reported in riparian areas, 
floodplain forests, and upland habitats.  Limestone caves with pools are preferred for hibernacula 
during winter (Hall 1962). 
 
No Action:  Many habitats suitable for Indiana Bat exist within the project area and would 
continue to degrade if no action is taken.  Thus, Indiana bat habitat would be negatively impacted 
by the continued degradation of the existing natural resources in the project area.   
 
Alternatives 12, 13(tentatively selected plan), and 14:  The project may affect, but is not likely to 
adversely affect Indiana Bat.  In order to avoid adverse effects to summer roosting Indiana bats, 
the FWS has determined that tree clearing should not occur between April 1-September 30.  To 
avoid the potential “take” of endangered Indiana bats, tree clearing to degrade the external levee 
would occur outside this time frame.  Aside from tree clearing, existing bottomland forest habitat 
would benefit from levee setbacks which would provide additional summer roosting and 
foraging habitat. 
 
Reforestation and reed canary grass control would restore the native plant community, increase 
habitat diversity, and improve habitat quality.  These improvements would benefit Indiana bat 
habitat and foraging areas. 
 
9.5.2.  Fat Pocketbook - Endangered.  This mussel has been found occasionally within the 
Mississippi River; currently there are no known viable populations (USFWS 1989).  Collection 
records suggest that this mussel prefers habitat with flowing water and firm substrate (USFWS 
1989).  This mussel was reintroduced to Pool 24 adjacent to TSCA in the 1980’s.  None have 
been found on or in the vicinity since.   
 
No Action:  This alternative would have no affect on the fat pocketbook mussel 
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Alternatives 12, 13(tentatively selected plan), and 14:  The mussels’ habitat preference of 
flowing water suggests that habitat that would be affected by the project is not suitable to the 
species; therefore, project alternatives are not likely to adversely affect the Fat Pocketbook.  
 
9.5.3.  Gray Bat - Endangered.  Gray bats utilize caves for both winter hibernation and summer 
roosting locations.  Foraging occurs in riparian forest canopy and over water along river and lake 
edges.   
 
No Action, Alternatives 12, 13(tentatively selected plan), and 14:  No caves would be impacted 
by the proposed project.  Project alternatives would have no affect gray bats. 
   
9.5.4.  Higgins eye pearlymussel – Endangered. The Higgins eye is a freshwater mussel of 
larger rivers where it is usually found in areas with deep water and moderate currents. 
Historically, the species range within the Mississippi River extended as far south as St. Louis, 
MO; however, since 1980 live species have only been found north of Lock and Dam 19 at 
Keokuck, Iowa and in 3 tributaries of the Mississippi River.   
 
No Action, Alternatives 12, 13(tentatively selected plan), and 14:  Higgins eye pearlymussel has 
not been documented within the project area; consequently, project alternatives would have no 
affect on the mussel. 
 
9.5.5.  Decurrent False Aster – Threatened. Decurrent false aster is considered to potentially 
occur in Pike County, Missouri bordering the Mississippi River.  It is a perennial, early 
successional plant found on moist, sandy floodplains and prairie wetlands.  It requires either 
natural or human disturbance to create and maintain suitable habitat.  Without disturbance, other 
plant species can out-compete decurrent false aster and eliminate it in 3 to 5 years from any 
given area.  Decline in this species is due to several factors including excessive silting of habitat 
due to topsoil run-off, conversion of natural habitat to agriculture, drainage/development of 
wetlands, altered flooding patterns, and herbicide use.  No critical habitat rules have been 
published for the decurrent false aster.   
 
No Action:  Vegetation surveys by site managers have not documented this plant in the project 
area; the no action alternative would have no affect on the species. 
 
Alternatives 12, 13(tentatively selected plan), and 14:  Levee setbacks will reconnect floodplain 
to the Salt River.  These areas may experience scour and deposition creating suitable habitat for 
Decurrent false aster to colonize.  Alternatives 12 - 14 may affect (beneficially) the decurrent 
false aster. 
 
9.5.6.  Eastern Prairie Fringed Orchid – Threatened. This plant occurs in a wide variety of 
habitats, from mesic prairie to wetlands such as sedge meadows, marsh edges, and even bogs.  It 
requires full sun and a grassy habitat with little or no woody encroachment for optimum growth 
and flowering.  Flowering begins from late June to early July, with blossoms often rising just 
above the height of the surrounding grasses and sedges.  The more exposed flower clusters are in 
great risk of being eaten by deer.   
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No Action, Alternatives 12, 13(tentatively selected plan), and 14:  Vegetation surveys by site 
managers have not documented this plant in the project area; the project alternatives would have 
no affect on the species. 
 
9.5.7.  Spectaclecase Mussel – Candidate.  This large mussel is greatly elongated, sometimes 
curved, and moderately inflated, with solid and moderately thick valves.  The spectaclecase 
occurs in large rivers and is a habitat-specialist, relative to other mussel species, often occurring 
on outside river bends below bluff lines.  It most often inhabits riverine microhabitats that are 
sheltered from the main force of the current.  It occurs in substrates from mud and sand to gravel, 
cobble, and boulders in relatively shallow riffles and shoals.    
 
No Action:  This alternative would have no affect on the spectaclecase mussel 
 
Alternatives 12, 13(tentatively selected plan), and 14:  The spectaclecase has not been found in 
or adjacent to the project area, consequently the project is not likely to adversely affect the 
species. 
 
9.5.8.  Sheepnose Mussel – Candidate.  The sheepnose mussel prefers medium to large rivers 
with gravel or mixed sand/gravel substrate.  The sheepnose is a medium-sized mussel that 
reaches nearly 5.5 inches in length. The shape of the shell is elongate ovate, moderately inflated, 
and with the valves being thick and solid.   
 
No Action:  This alternative would have no affect on the sheepnose mussel 
 
Alternatives 12, 13(tentatively selected plan), and 14:  The sheepnose has not been found in or 
adjacent to the project area, consequently the project is not likely to adversely affect the species. 
 
9.6.  Cumulative Impacts.  Cumulative impacts can result from “individually minor but 
collectively significant actions taking place over a period of time” (40 CFR Section 1508.7).  
Cumulative effects are defined as, “…the impact on the environment which results from the 
incremental impact of the action when added to other past, present, and reasonably foreseeable 
future actions regardless of what agency (Federal or non-Federal) or person undertakes such 
other actions”.   
 
The Council on Environmental Quality (CEQ) issued a manual entitled “Considering Cumulative 
Effects Under the National Environmental Policy Act”.  The manual presents an 11 step 
procedure for addressing cumulative impact analysis.  The 11 step procedure is broken down into 
three main components – scoping, describing the affected environment and determining the 
environmental consequences.  Scoping entails identifying potential cumulative effects associated 
with the proposed project, defining the assessment goals, establishing spatial and temporal 
boundaries and identifying other actions affecting the resources, ecosystems and human 
communities of concern.  The second main component, describing the affected environment, is 
directly related to the scoping component.  To describe the affected environment, the baseline 
condition, response to change, and the capacity of resources, ecosystems and human 
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communities identified in the scoping component to withstand stress must be characterized.  The 
stresses must then be characterized along with their relation to regulatory thresholds.  The third 
and possibly most important component of the cumulative impact analysis is determining the 
environmental consequences.  Four key steps are recognized in determining the environmental 
consequences.  First, the important effects of activities on the resources, ecosystems and human 
communities must be identified.  Then the magnitude and significance of these cumulative 
effects must be determined.  If significant cumulative effects occur, then project alternatives 
must be modified or new alternatives proposed that avoid, minimize or mitigate the effects or an 
environmental impact statement must be completed.  Lastly, a monitoring plan must be 
constructed to appropriately monitor the cumulative effects of the selected alternative and 
establish adaptive management, if necessary.  The following paragraphs will address the 11 step 
procedure in relation to the Ted Shanks Habitat Rehabilitation and Enhancement Project. 
 
9.6.1.  Scoping: Past and Present Actions. 
The Pool 24 floodplain historically consisted of 47% prairie, 40% timber, and 13% open water.  
Contemporary land cover consists of 72% agriculture, 13% timber, 10% open water, 3% prairie 
and other minor habitats (Theiling et al. 2000).  Conversion to agriculture is due in part to 
farming practices changing dramatically in the mid-70’s because of record high prices for 
soybeans.  Much of the landscape that had been in permanent cover was converted to row crops 
to take advantage of the high prices.  The predominance of agriculture is likely to remain so for 
the foreseeable future.  Additionally, 74% of the floodplain is leveed, and only 16% is in public 
ownership.  The river has also been heavily modified through dredging, dam construction and the 
construction of over 50 river training structures and miles of revetment.   
 
For the TSCA HREP, the Master Plan for the Mississippi River, Mississippi River Miles 300 to 
0 (USACE 2010) is used to identify all known plans for new channel improvement structures or 
modifications to existing structures within the St. Louis District through the year 2014.  There 
are ten areas of revetment covering over 7,500 ft. planned.  There is one planned group of river 
training structures.  Three chevrons and two dikes are planned from RM 298.6 to 297.7 along the 
left and right descending banks.  These structures would narrow the channel in this area.  The 
chevrons may also form additional island habitat.  There are no other plans for the river in the 
vicinity of the project area.   
 
There are several environmental restoration projects proposed for Pool 24.  Projects are proposed 
to improve habitat conditions on Denmark, Drift, Cottonwood, Fritz, Blackbird and Gilbert 
Islands and their associated side channels.  The following chutes are filling in with sediment and 
have been proposed for restoration: Slim Island Complex and Jim Young Chute.  Restoration is 
also proposed for the Gosline Backwater.  The Fritz, Blackbird and Gilbert Islands have an 
approved fact sheet under the Environmental Management Program.   
 
9.6.2.  Scoping: Geographic and Spatial Boundary. 
The TSCA HREP is located between Mississippi RM 284.5 and 288.5 within TSCA.  There are 
several additional protected areas upstream and downstream: DuPont Forest Natural Area, Upper 
Mississippi River Conservation Area, Edward Anderson Conservation Area, Mark Twain 
National Wildlife Refuge Delair Division, and Drift Island Natural Area (Fig. 2-1).  All of these 
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areas are in the floodplain of navigation Pool 24.  Pool 24 governs the hydrology of the 
floodplain and is thus a natural spatial boundary for this cumulative effects analysis.  To 
establish the temporal frame for analysis, the most commonly used practice is the length of the 
project life.  The length of the project life has been estimated at approximately 50 years.   
 
9.6.3.  Determining the Affected Environment. 
The essential components of determining the affected environment are the characterization of 
stressors and defining the baseline of the environment.  Stressors result from natural events or 
human actions that cause a subsequent population, community or ecosystem level response.  The 
goal of characterizing stressors is to determine whether the resources, ecosystems and human 
communities of concern are approaching conditions where additional stresses will have an 
important cumulative effect (CEQ 1997).  Generally, those occurring for a short duration at a 
localized site, such as the TSCA HREP, are of less concern than those occurring for an extended 
time over a wide geographical region.  Stressors in Pool 24 are discussed below. 
 
The UMRS, including Pool 24, has a rich record of human history spanning over 12,000 years.  
The area is increasingly being documented as one of the most archaeologically and historically 
significant regions in the country.  The abundant and diverse ecological resources found along 
the UMRS have attracted, sustained, and been impacted by human populations for thousands of 
years.  The UMRS consists of hundreds or thousands of acres of river, bottomland forest, islands, 
backwaters, side channels and wetlands -  all of which support more than 300 species of birds, 57 
species of mammals, 45 species of amphibians and reptiles, 150 species of fish, and nearly 50 
species of mussels.  More than 40% of North America’s migratory waterfowl and shorebirds 
depend on the food resources and other life requisites (shelter, nesting habitats, etc.) that the 
system provides (Johnson and Hagerty 2008).   
 
The following references provide further detail on the UMRS, including Pool 24, in terms of 
formation over geological time; physical, environmental, and cultural characteristics; social and 
economic conditions; and multi-purpose management:  
 
Johnson, B.L. and K.H. Hagerty eds.  2008.  Status and trends of selected resources of the Upper 
Mississippi River System.  U.S. Geological Survey, La Crosse, WI.  Technical Report LTRMP 
2008-T002. 

This report describes the Upper Mississippi River System and includes discussions on 
the: historic and existing conditions, river monitoring and management, and ecosystem 
goals and indicators.  It also discusses the status and trends of indicators of system health 
developed through the Long Term Resource Monitoring Program.  
 

Theiling, C.H., C. Korschgen, H. DeHaan, T. Fox, J. Rohweder, and L. Robinson. 2000.  Habitat 
Needs Assessment for the Upper Mississippi River System: Technical Report.  U.S. Geological 
Survey, Upper Midwest Environmental Sciences Center, La Crosse, Wisconsin. Contract report 
prepared for U.S. Army Corps of Engineers, St. Louis District, St. Louis, MO. 

This report summarizes the first Habitat Needs Assessment of the UMRS and is designed 
to help guide future habitat rehabilitation and enhancement projects.  It describes and 
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compares historical, existing, forecasted, and desired future conditions to identify habitat 
needs within the UMRS.     

 
UMRCC (Upper Mississippi River Conservation Committee).  2000.  A river that works and a 
working river.  UMRCC, Rock Island, IL 

This report describes the critical elements of a strategy for the operation and maintenance 
of the natural resources of the UMRS and its tributaries including the setting of 
restoration goals and objectives.  The report suggest nine objectives for successful 
resource management of the UMRS: 1) improve water quality, 2) reduce erosion, 
sediment, and nutrient impacts, 3) return natural floodplain, 4) restore seasonal flood 
pulse and periodic low flow conditions, 5) restore backwater connectivity, 6) manage 
sediment transport and deposition in floodplain and side channels, 7) manage dredging 
and channel maintenance, 8) sever pathways for exotic species, and 9) provide for fish 
passage at dams. 

 
WEST Consultants, Inc.  2000.  Upper Mississippi River and Illinois Waterway Navigation 
Feasibility Study – Cumulative Effects Study, Volumes 1-2. Prepared by WEST Consultants, 
Inc. for the U.S. Army Corps of Engineers, Rock Island District, Rock Island, IL. 

This report describes the cumulative effects of the Upper Mississippi River and Illinois 
Waterway Navigation Feasibility Study on channel morphology and ecology and 
develops predictions of geomorphic and ecological conditions for the year 2050.  

 
Major stressors affecting Pool 24 include: agricultural use of the floodplain, dams, channel 
training structures, dredging, and levees.  These factors combine to increase sedimentation, alter 
the hydrologic regime, disconnect the river from the floodplain, increase nutrient levels and 
impact floodplain plant communities (Johnson and Hagerty 2008).  Land cover along the river is 
converting to more water tolerant disturbance adapted species while the floodplain levees and 
development result in more severe and frequent floods.  Development and additional agricultural 
conversion in Pool 24 is minimal; thus, the severity of stressors may not increase.  Water quality 
has improved since the passing of environmental legislation in the 1970s but remains impaired.  
The influx of sediment exceeds the transport capacity resulting in sediment filled back waters 
and channels.  These factors combine to create an altered hydrologic regime with more frequent 
floods and fewer to no low water periods.  Very little contiguous off-channel aquatic habitat 
remains and what does remain is greatly affected by sedimentation (WEST 2000).  Scientists and 
natural resource professionals believe that Pool 24 will continue to see a decline in system 
ecological integrity and populations of native species, resulting from continued habitat loss and 
fragmentation, altered natural disturbance regimes, and continued invasive species colonization 
(USACE 2008). 
 
9.6.4.  Determining the Environmental Consequences. 
The most crucial step in cumulative impact analysis is determining the environmental 
consequences.  Many cumulative effects are discussed in the Navigation Study by WEST (2000) 
and will not be repeated here.  In summary, the assessment acknowledges the tremendous 
changes brought about by construction of the 9-Foot Channel Project in conjunction with other 
impacts occurring throughout the watershed resulting in declines in fish, submerged aquatic 
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vegetation, and backwaters/secondary channels.  In general, these impacts could be offset by an 
adaptive environmental restoration approach that focuses on the re-creation or enhancement of 
key processes (periodic drawdown, connectivity) and habitat features such as island/side channel 
creation or restoration.  Several restoration programs have been initiated to achieve this goal.  
However, current management and restoration levels have not prevented system-wide habitat 
degradation in the past and will likely not meet existing habitat needs in the future.  Increased 
efforts to reverse impounded effects on aquatic habitats, vegetation succession and forest health 
will be required to sustain ecosystem values. 
 
No Action: The density, diversity and quality of forest and moist soil plants would continue to 
decline as a result of invading reed canary grass.  Backwater sloughs, lakes and oxbows in the 
project area would continue to degrade due to flooding, wind, and sun exposure.  This would 
result in loss of deep-water fish habitat and fish kills due to low dissolved oxygen levels.  The 
gradual deterioration of physical features described above would have a negative impact on the 
management of the project area and its contribution to natural resources within Pool 24.  Public 
use of the project area would likely decline.   
 
Alternatives 12, 13 (tentatively selected plan) and 14:  No negative cumulative impacts would be 
expected.  The proposed measures should have positive long-term benefits to fish and wildlife 
using TSCA.  Resource managers have noted the continued decline and identified the need for 
improved management of bottomland hardwood, floodplain forest, and side channels in Pool 24 
(Theiling et al. 2000).  The TSCA project would help address this need in a 2,900 acre area.  
This project, in concert with other EMP HREPs on the Upper Mississippi River, should counter 
some of the long-term adverse impacts to the river ecosystem such as sedimentation, pollution, 
and general declines in riverine and floodplain habitat and species.   
 
9.7.  Probable Adverse Impacts Which Cannot Be Avoided.  Temporary, unavoidable adverse 
impacts including increased turbidity, noise, and clearing of vegetation would result from 
construction activities.  Turbidity and noise levels would return to normal when construction is 
completed and vegetation established.  Borrow areas, constructed berms, levee setbacks and any 
other disturbed areas would be re-vegetated after construction with native vegetation.  
Approximately, 46 acres of wetlands would be converted to non-wetland.  However, benefits to 
floodplain habitat, wildlife, aquatic resources, water quality, fisheries and endangered species 
would outweigh these unavoidable adverse impacts. 
 
9.8.  Relevant Laws and Regulations.  The following is a discussion of the additional laws 
applicable to this project that are not discussed in Sections 9.1 - 9.6. 
 
9.8.1.  Floodplain Management, Executive Order 11988.  Under this Executive Order, Federal 
agencies are to "provide leadership and take action to reduce the risk of flood loss, to minimize 
the impacts of floods on human safety, health, and welfare, and to restore and preserve the 
natural and beneficial values served by floodplains".   The project structures are designed to 
resist flood damage.  Additionally, the proposed structures would reduce flood damage and lost 
recreation opportunities in the TSCA interior.  By setting back the levee in two locations, the 
project would also restore natural and beneficial floodplain values. 
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9.8.2.  Protection of Wetlands, Executive Order 11990.  Under this Executive Order, Federal 
agencies shall take action to minimize the destruction, loss or degradation of wetlands, and to 
preserve and enhance the natural and beneficial values of wetlands in carrying out the agency's 
responsibilities.  Existing wetland habitat would be temporarily impacted by construction and 46 
acres would be permanently converted to non-wetland.  The long-term impact to the 
approximately 2,900 acres of wetlands within the project area would be restoration and 
enhancement. 
 
9.8.3.  Rivers and Harbors Act.  This Act regulates activities in, under, or over navigable water, 
such as the Mississippi River.  The Section 404 permit process would address issues that could 
be regulated by this Act.  Completing the Section 404 permit process would result in full 
compliance with Section 10 of the Rivers and Harbors Act.  Section 10 activities include the 
pump station pipes and Deadman’s Slough dredging/excavation.  The pump station piping would 
extend from the pump station to the existing bank of the Mississippi River (Plate C-9).  Likely 
construction methods involve the construction of a sheet pile cofferdam in the river.  This 
cofferdam would allow for the excavation of the river bank, pipe placement, and subsequent 
backfilling.  The cofferdam would be removed after construction completion.  Stone protection 
may be placed along the bank to protect the area from erosion.  A new connection between 
Deadman’s Slough and the Mississippi River would be created below dike 286.3R.  
 
9.8.4.  Clean Water Act, as amended.  Clean Water Act Section 401 - Section 401 requires the 
state to set water quality standards including designating water use and pollutant levels.  The 
program is administered by the State of Missouri which reviews applications to ensure that the 
proposed project would not degrade water quality.  The Section 401 water quality certification 
review process will begin when the Public Interest Review is begun.  A Section 401 water 
quality certificate from the State of Missouri will be included in the final submission of this 
report. 
 
Clean Water Act Section 402 - Land disturbances of greater than 1 acre associated with this 
project require a National Pollutant Discharge Elimination System (NPDES) permit, or Section 
402, for storm water discharges.  This permit would be acquired prior to construction initiation. 
 
Clean Water Act Section 404 - Section 404 of the Clean Water Act regulates the placement of 
fill, such as rock, in waters of the United States.  A Section 404(b)(1) document has been 
completed by the Corps for this project and discusses the impacts of the project (Appendix B).  A 
Public Interest Review for this project will be conducted during or just before the release of this 
document for public review.   
 
9.8.5.  Air and Water Pollution Prevention and Control, Executive Order 11282.  Under this 
Executive Order, Federal agencies shall ensure that all necessary actions are taken for the 
prevention, control, and abatement of environmental pollution with respect to Federal facilities 
and activities under the control of the agency.  Because no HTRW was found and the project 
area meets air quality standards, project construction activities are not expected to significantly 
contribute to air and water pollution.  The project would result in dust and exhaust from 
equipment and slight increases in turbidity within the adjacent waters.  Therefore, a minor short-
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term reduction in air and water quality would occur.  The pump station’s diesel engines would be 
a permanent addition to the project area.  However, the pump station would be used to inundate 
an area that was inundated by another pump.  The new pump station engines would run cleaner 
than the existing station.  Thus, diesel emissions should be reduced overall.   
 
9.8.6.  Clean Air Act, as amended.  The Clean Air Act sets standards requiring the U.S. 
Environmental Protection Agency (EPA) to designate measurable targets for various air 
pollutants: National Ambient Air Quality Standards (NAAQS).  They have identified standards 
for seven pollutants:  lead, sulfur dioxide, carbon monoxide, nitrogen dioxide, ozone, particulate 
matter less than 10 microns in diameter, and particulate matter less than 2.5 microns.  Pike 
County, Missouri is in attainment for all EPA air quality standards under the Clean air Act 
Conformity Rule.  No aspect of the proposed project has been identified that would result in 
violations of air quality standards. 
 
9.8.7.  Invasive Species, Executive Order 13112.  This executive order aims “to prevent the 
introduction of invasive species and provide for their control and to minimize the economic, 
ecological, and human health impacts that invasive species cause”.  Alternatives 12 - 15 improve 
site managers’ ability to control invasive reed canary grass.  Additionally, construction best 
management practices, such as cleaning equipment, shall be in place and enforced to prevent the 
introduction of additional species to and transfer from the project site. 
 
9.8.8.  Migratory Bird Treaty Act of 1918, as amended.  Under this law, Federal agencies 
shall not take, kill or possess migratory birds.  Migratory birds are recognized as being of great 
ecological and economic value.  Millions of Americans study, watch, feed, or hunt migratory 
birds throughout the United States.  The proposed project area is along the Mississippi Flyway, a 
major migratory path for millions of birds.  Construction equipment and activities would cause 
temporary noise affecting and potentially disrupting birds near the proposed project area.  
Additionally, tree removal for the levee degrade has the potential to negatively impact nesting 
birds.  Tree removal would not occur between April 1 - September 30 to avoid impacts to 
Indiana Bat; this would also prevent impacts to nesting birds.  The impact from noise would be 
temporary and cease following construction completion.   In the long term, the proposed project 
would create and enhance forested and emergent wetland habitat benefiting numerous species of 
migratory birds.   
 
9.8.9.  Bald and Golden Eagle Protection Act of 1940.   Bald Eagles (Haliaeetus 
leucocephalus) range over most of North America.  They build large nests in the tops of large 
trees near rivers, lakes, marshes, or other aquatic areas.  The staple food of most bald eagle diets 
is fish, but they will also feed on waterfowl, rabbits, snakes, turtles, other small animals, and 
carrion.  In winter, eagles that nest in northern areas migrate south and gather in large numbers 
near open water areas where fish or other prey are plentiful (USFWS 2006).   
 
On August 9, 2007, the bald eagle was removed from the Federal list of threatened and 
endangered species.  It remains protected under the Bald and Golden Eagle Protection Act and 
the Migratory Bird Treaty Act.  The Bald and Golden Eagle Protection Act prohibits unregulated 
take of bald eagles.  The U.S. Fish and Wildlife Service recently finalized a rule defining “take” 
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that includes “disturb.” “Disturb means to agitate or bother a bald or golden eagle to a degree 
that causes, or is likely to cause, based on the best scientific information available, 1) injury to an 
eagle, 2) a decrease in its productivity, by substantially interfering with normal breeding, 
feeding, or sheltering behavior, or 3) nest abandonment, by substantially interfering with normal 
breeding, feeding, or sheltering behavior” (USFWS 2007b).  Based on this rule, the FWS 
developed the National Bald Eagle Management Guidelines in 2007.  These guidelines indicate 
that in undisturbed areas no construction activities should occur within 660 ft. of a visible eagle’s 
nest and 330 ft. of a non-visible nest during breeding season.  
 
There are several known active nests within the project area and eagles frequently utilize the site.  
Because new nests may be built or old nests abandoned, consultation with the USFWS will 
continue throughout the design and construction phase to ensure no eagles are impacted.  During 
each design phase, site managers will be consulted and if necessary, site visits conducted, to 
determine the location of all nests and determine if they are active as defined in the USFWS 
guidelines (USFWS 2007b).  The plans and specs would delineate the 660 ft. area and include 
timelines (December - Aug.) to avoid all active nests.  The contractor will be notified of these 
restrictions.   
 
9.8.10.  Fish and Wildlife Coordination Act, as amended.  Project plans have been 
coordinated with the USFWS and the MDC.  The draft Coordination Act Report was received on 
August 10, 2010.  The USFWS and MDC comments have been considered with great weight. 
Their comments were in support of the project and discuss the importance of inclusion of the 
levee setbacks in the recommended plan.  The tentatively selected plan includes two levee 
setbacks because of the many benefits, measurable and immeasurable, that setbacks provide.  
Compliance will be achieved after both agencies have reviewed this document and a final CAR 
is received.  Coordination with these agencies, as well as others, is detailed in Appendix A, 
Correspondence. 
 
9.8.11.  Protection of Environmental Quality, Executive Order 11991.  Under this Executive 
Order, Federal agencies shall take action to provide leadership in protecting and enhancing the 
quality of the Nation’s environment to sustain and enrich human life.  Federal agencies shall 
initiate measures needed to direct their policies, plans and programs so as to meet national 
environmental goals.”  The proposed project is designed to restore and enhance the habitat 
within TSCA.  Thus, the project would protect and enhance the Nation’s environment.   
 
9.8.12.  Farmland Protection Policy Act, as amended.  The proposed action would not result 
in the conversion of any prime, unique state or locally important farmland to non-agricultural 
uses.  Under the Council on Environmental Quality Memorandum (11 Aug 80), prime farmland 
is defined as land that has the best combination of physical and chemical characteristics for 
producing food, feed, fiber, forage, oilseed, and other agricultural crops with minimum inputs of 
fuel, fertilizer, pesticides, and labor, and without intolerable soil erosion. Unique farmland is 
defined as land other than prime farmland that is used for the production of specific high-value 
food and fiber crops, such as, citrus, tree nuts, olives, cranberries, fruits, and vegetables (7 
U.S.C. 4201(c)(1)(A) & (B)).   
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There is a high natural levee on Angle Island that is classified as prime farmland (NRCS 2006).  
The remainder of the project area, excluding water bodies, is classified as prime farmland if 
drained or prime farmland if drained and protected (NRCS 2006).  Within the project area, 30 
acres of Farm Service Agency classified cropland are leased and planted in corn and soybeans 
annually (site staff pers. comm.).  An additional 300 acres of food plots (millet, corn, wheat, 
beans, milo) are planted by site staff throughout the project area to supplement existing food 
resources for wildlife.  With the project, improved drainage and the ability to control water levels 
would improve success of the 30 acres of Farm Service agency cropland and food plots.  Due to 
improved native vegetation seed production, site managers project that food plot acreage would 
decrease from 300 to 215 acres.  
 
9.8.13.  Environmental Justice, Executive Order 12898.  Under this Executive Order, a 
Federal agency “shall make achieving environmental justice part of its mission by identifying 
and addressing, as appropriate, disproportionately high and adverse human health or 
environmental effects of its programs, policies, and activities on minority populations and low-
income populations in the United States.”  The standard unit of analysis for environmental 
justice is the census-designated Block Group.  The project area is contained within one Block 
Group.  Due to the rural nature of the area, the Block Group is approximately 72 square miles.  
The Block Group encompasses the project area, surrounding farmland, and the town of Ashburn.  
The population within the Block Groups is approximately 91% white and from 2000 to 2005 the 
population decreased by approximately 6%.  According to the 2000 Census, the town of Ashburn 
is 100% white, and 72.2% of the population lives below the poverty line.  For Pike County, 
Missouri 88% is white, and 15.5% of the population lives below the poverty line. No differential 
impacts to minority or low income populations are expected.  Short-term increases in 
employment could be realized during construction.  Additionally economic benefits could be 
realized from increased commercial and recreational fishing and hunting due to the project’s 
anticipated habitat enhancements.  Project managers estimate that hunting use within the area 
may double with the project; duck hunter use may increase from approximately 400 (current) to 
800 (future) hunters utilizing the area in a season.    
 
9.8.14.  Noise Control and Quiet Communities Acts.  Noise is usually defined as “unwanted 
sound”, and is recognized as an environmental pollutant that can interfere with communication, 
work, rest, recreation, and sleep.  Sound is represented on a logarithmic scale with a unit called 
the decibel (dB).  The threshold of human hearing is approximately 0 dB, and the threshold of 
discomfort or pain is around 120 dB.  A-weighted decibels (dBA) are used to express the relative 
loudness of sounds as perceived by the human ear because the human ear is less sensitive at low 
frequencies than high (Generac Power Systems, Inc. 2004).  A 24-hour average of 55 dBA was 
identified by USEPA as a level below which there are effectively no adverse impacts (USEPA 
1974).   
 
Noise levels surrounding the project area are varied depending on the time of day and climatic 
conditions.  The current human activities causing elevated noise levels include running diesel 
powered generators, trucks, and farming equipment; and hunting.   
 



Upper Mississippi River System 
Environmental Management Program 

 
Ted Shanks Conservation Area HREP 

 

 77 

Project construction would generate a temporary increase in noise levels.  Construction would 
occur during daylight hours.  Noise levels would not be altered at night.  Common construction 
equipment for this project generate noise levels of approximately 65 - 95 dBA.  Attenuation from 
90 dBA to 55 dBA occurs at a distance of approximately 2,600 ft. depending on climatic 
conditions, topography, vegetation, and man-made barriers (Generac Power Systems, Inc. 2004).  
Due to the rural nature of the project area, there are no homes or buildings within one mile of the 
project area.  Increased noise may lead to temporary displacement of wildlife species.  After 
construction completion, noise levels would return to current conditions.   
 
9.8.15.  National Environmental Policy Act, as amended.  The completion of the EA and 
signing of the Finding of No Significant Impact (FONSI) would fulfill NEPA compliance.  The 
environmental assessment is integrated into this DPR in Sections 1 - 5, and 9.  A draft version of 
the unsigned FONSI is provided at the end of this document.  The FONSI will be finalized and 
signed into effect only after having carefully considered all comments on the environmental 
effects of this project.  The FONSI will be signed prior to approval of this feasibility document 
(irreversible and irretrievable commitment of resources).  
 
9.8.16.  Compliance with Environmental Quality Statutes.  The alternatives within this review 
were subject to compliance review with all applicable environmental regulations and guidelines 
(Table 9-5).   
 
Table 9-5.  Summary of the Project’s compliance status with respect to applicable statutes and laws. 

Federal Policy Compliance 
Status 

National Environmental Policy Act, 42 USC 4321-4347 Partial1 
Water Resources Development Acts of 1986, 1990, 2000 and 2007 Full 
Migratory Bird Treaty Act of 1918, 16 USC 703-712 Full 
Comprehensive Environmental Response, Compensation, and Liability Act, 42 USC 9601-9675 Full 
Resource Conservation and Recovery Act, 42 USC 6901-6987 Full 
Farmland Protection Policy Act, 7 USC 4201-4208 Full 
Endangered Species Act, 16 USC 1531-1543 Partial2 
National Historic Preservation Act, 16 USC 470 et seq. Partial2 
Noise Control Act, 42 USC 7591-7642 Full 
Clean Air Act, 42 USC 7401-7542 Full 
Prevention, Control, and Abatement of Air and Water Pollution at Federal Facilities (EO 11282 as 
amended by EO’s 11288 and 11507) Full 

Protection and Enhancement of the Cultural Environment (EO 11593) Partial2 
Floodplain Management (EO 11988 as amended by EO 12148) Full 
Protection of Wetlands (EO 11990 as amended by EO 12608) Full 
Protection and Enhancement of Environmental Quality (EO 11991) Full 
Invasive Species, EO 13112 Full 
Federal Actions to Address Environmental Justice in Minority Populations and Low-Income 
Populations (EO 12898) Full 

Bald and Golden Eagle Protection Act, 42 USC 4151-4157 Full 
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Federal Policy Compliance 
Status 

Clean Water Act, 33 USC 1251-1375 Partial2 
Rivers and Harbors Act, 33 USC 401-413 Partial2 
Fish and Wildlife Coordination Act, 16 USC 661-666c Partial2 
1 Full compliance after submission for public comment and signing of FONSI 
2 Full compliance to be achieved upon receipt of documentation from the appropriate agency 
 
9.9.  Short-Term versus Long-Term Productivity.  Construction activities (land clearing, 
dredging, excavation, equipment movement) would temporarily disrupt fish, wildlife, and human 
recreational use in the immediate vicinity of the project area.  Construction activities would 
likely provide positive, short-term economic opportunities and a few jobs for the surrounding 
communities.  Degrading the existing levee would remove approximately 11 acres of mature 
bottomland hardwoods.  This would result in a short-term loss in mast production within the 
project area.  In the long-term, the 56 acres that would be planted and the improved health of the 
remaining forests would result in increased mast production.  Overall, the long-term health and 
productivity of the project area’s ecosystem is anticipated to increase with the project.  
Additionally, the ecosystem benefits served by the project would increase.  Therefore short-term 
human use impacts would be offset by long-term increases in productivity. 
 
9.10.  Irreversible Resource Commitments.  This proposed project is in the planning stage.  
Money has been expended to complete this planning document and pre-project monitoring.  No 
construction dollars, which are considered irreversible, have been expended for the project.   
 
9.11.  Relationship of the Proposed Project to Other Planning Efforts.  The proposed project 
is not in conflict with any other planning efforts in the project area.  It contributes to Missouri’s 
Golden Anniversary Wetland Initiative by restoring a portion of TSCA complementing MDC’s 
restoration efforts under the initiative (Gardner 2006). 
 
10.  PROJECT PERFORMANCE ASSESSMENT MONITORING 
 
This section summarizes the monitoring and data collection aspects of the project.  The 
monitoring plan was developed with input from state and Federal resource agencies and is 
detailed in Appendix M.  Performance indicators were developed to measure the success of 
project objectives described in Table 3-1.  They were developed to be specific, measurable, 
attainable, realistic and timely.  Performance indicators and the conceptual monitoring timeline 
for use in the TSCA HREP are detailed below (Table 10-1 and 10-2).   
 
11.  REAL ESTATE REQUIREMENTS 
 
The TSCA HREP would be constructed on land owned by the Federal Government with 
management responsibility provided by the FWS.  FWS has an agreement with MDC for 
management of the site.  A draft Memorandum of Agreement between the USFWS and the 
USACE is included as Appendix C.  A full description of the project area and real estate 
information is in the Real Estate Plan which is included as Appendix J.  The project is located in 
Ted Shanks Conservation Area in Pike County, Missouri. 
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Table 10-1. Project objectives, indicators, and time before the effects of the Ted Shanks Conservation Area HREP become apparent.  
System-wide 

Goal Site-Specific Objective Performance Indicator Monitoring Target Time of Effect3 
 

R
es

to
re

 a
nd

 e
nh

an
ce

 w
et

la
nd

 h
ab

ita
t Improve water level 

management 

Water delivery and drainage Drainage of project area from 455.5′ NGVD to 450.5′ NGVD in < 36 days  Construction completion 

Percent cover of moist soil plants  Desirable plants comprise ≥ 50 % of the cover estimate for the unit2 4 year post-construction 

Increase quantity and 
quality of BL & FP 
forests 

Survival & growth of  existing and planted trees 
 

aInitial survival and blong-term of planted trees of at least 80%3 
bIncreased height and basal diameter and positive relative growth rate over time 

a1 year post-planting  
 
b5 year post-planting  

Improve aquatic habitat 

Abundance of varying aquatic habitat types based on 
depth1 Increase habitat complexity in Deadman’s Slough by at least 10%1  3 year post-construction  

Duration of connection between Deadman’s Slough & 
Mississippi River  

Increase connection period of water flow through slough to year round under 
normal water levels 3 year post-construction  

Abundance & species of fish passing through control 
structures during fall pumping (CW2) and spring 
drawdowns (NS1) 

No fish > 2″ in diameter passing through structures during pumping (structure 
CW2) and draining (NS1) of Horseshoe Northwest 
 

2 year post-construction  

Duration & frequency of inundation of land affected by 
setbacks1 Increase duration and frequency of inundated land above existing condition  Construction completion 

1.  Full realization of results is highly dependent upon river levels in the project area post-construction; several high water events may be necessary before benefits are realized and a state of relative equilibrium is reached. Therefore, should river levels be unusually low 
subsequent to project construction, more time may be needed in order to fully realize anticipated results. 
2.  Contingent on achieving control of reed canary grass  
3.  Contingent on deer browsing and prevention of interior flooding/ponding 
 
Table 10-2.  Ted Shanks Conservation Area conceptual monitoring schedule.  Construction completion is set at year 0. Estimated monitoring costs based on equipment expenses and contracting 
out field work. 

 -1 0 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10 
Water transport X 

C
on

st
ru

ct
io

n 

X          
Moist soil*     X X X X X X X 
Trees  X    X     X 
Bathymetry X   X      X  
Fish   X  X  X  X   

Est. Cost ($) 8,000 8,000 3,300 8,000 4,100 9,100 4,100 1,100 4,100 9,100 8,100 

TOTAL $67,000 
*Monitoring contingent on if reed canary grass is controlled in order to establish desired moist soil plants 
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12.  IMPLEMENTATION RESPONSIBILITIES 
 
U.S. Army Corps of Engineers, St. Louis District.  The USACE is responsible for project 
management and coordination with the USFWS, MDC, and other affected agencies.  The 
USACE will submit this Definite Project Report (DPR); administer program funds; finalize plans 
and specifications; complete all NEPA requirements; advertise and award a construction 
contract; and perform construction contract supervision and administration.  Section 906(e) of 
WRDA 1986 states that first cost funding for enhancement features would be 100 percent 
Federal cost because the project features are located on Federally owned land managed as a 
refuge.  Any mutually agreed upon major rehabilitation of the project that exceeds the identified 
annual operation and maintenance cost requirements would be the USACE’s responsibility.  
Major rehabilitation would be considered as a result of specific storm or flood events and is not 
included in the project cost estimate (Tables 8-1 and 8-2).  The USACE has agreed to support 
this HREP’s monitoring and data collection needs as outlined in Tables 10-1 to 10-2. 
 
U.S. Fish and Wildlife Service.  The USFWS is the Federal project sponsor and has provided a 
draft Coordination Act Report (CAR) for this project (see Appendix A).   
 
Missouri Department of Conservation.  The MDC, the non-Federal project sponsor, has 
provided technical and other advisory assistance during all phases of the project and will 
continue to provide assistance during project implementation. The MDC has agreed to support 
this HREP’s monitoring and data collection needs as outlined in Tables 10-1 and 10-2. 
 
13.  COORDINATION, PUBLIC VIEWS, AND COMMENTS 
 
Coordination has been made throughout the planning and design process with the following State 
and Federal agencies.  Both of these agencies have expressed their support of the project. 
 
Missouri Department of Conservation (MDC) 
U.S. Fish and Wildlife Service 
 
Coordination Meetings.  Coordination with project sponsors began with the production of a 
project fact sheet (2003) followed by a Value Engineering Study Functional Analysis Workshop 
(2006) (available from the St. Louis District upon request).  Detailed feasibility planning was 
initiated in 2007.   
 
Date Subject Attendance 
May 29-30, 2007 Discuss project features Corps, USFWS, MDC, HDR Inc., Greenbrier Wetland 

Services 
July 30, 2007 Tour existing control structures Corps, USFWS, ILDNR, MDC, HDR Inc. 
Aug. 15, 2007 Habitat benefits analysis Corps, MDC, HDR Inc. 
Oct. 15, 2007 Progress meeting Corps, MDC, HDR Inc. 
April 7, 2008 Discuss preliminary ICA results and 

HGM report 
Corps, USFWS, MDC, HDR Inc., Greenbrier Wetland 
Services 

Sept. 29, 2009 Discuss reducing feature cost Corps, USFWS, MDC, HDR Inc. 
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Refer to Appendix A for meeting correspondence. 
 
 14.  CONCLUSIONS 
 
The natural habitat value at TSCA has continued to decline due to forest loss, domination of 
invasive reed canary grass and diminishing water quality in wetlands and water bodies.  Re-
establishing floodplain food sources and reliable wetland habitat would benefit migratory birds, 
local wildlife and fisheries.  The tentatively selected plan features for the TSCA HREP are 
designed to meet the project’s goal to restore and enhance the quality and diversity of wetland 
habitat in the project area to benefit primarily migratory birds and secondarily other wetland 
species.  This goal would be met by improving water level management; increasing the quantity 
and quality of bottomland and floodplain forest; and improving aquatic habitat.  The future with-
project scenario shows increased habitat value over the 50-year project life for the target species.  
This increase represents measurable outputs of improved habitat quality and preferred habitat 
quantity. 
 
The project is consistent with and fully supports the overall goals and objectives of the Upper 
Mississippi River System-Environmental Management Program. 
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DRAFT 
 

UPPER MISSISSIPPI RIVER SYSTEM 
ENVIRONMENTAL MANAGEMENT PROGRAM 

DEFINITE PROJECT REPORT 
WITH INTEGRATED ENVIRONMENTAL ASSESSMENT 

 
TED SHANKS CONSERVATION AREA 

HABITAT REHABILITATION AND ENHANCEMENT PROJECT 
 

POOL 24, MISSISSIPPI RIVER MILES 284.5 THROUGH 288.5 
PIKE COUNTY, MISSOURI 

 
DRAFT RECOMMENDATIONS 
 
I have weighed the outputs to be obtained from the full implementation of this habitat 
rehabilitation and enhancement project against its estimated cost and have considered the various 
alternatives proposed, impacts identified, and overall scope.  In my judgment, this project, as 
proposed, justifies expenditure of Federal funds.  I recommend that the Mississippi Valley 
Division Engineer approve the proposed project to include:  planting 55 acres of mast-producing 
trees and 350 acres of floodplain forest trees; installing water supply and control facilities for 
enhancement of 2,900 acres of wetland habitat; construction of two levee setbacks to reconnect 
280 acres of floodplain; and reconnecting and enhancing a river slough.  The wetland 
enhancement facilities would include one pump station, three peripheral water control 
structures, five internal water control structures, the reconnection of historic interior waterways, 
and the construction of four berm segments to create three management units.   
 
The current estimated Federal construction cost of this project is $29,506,000.  Total Federal 
estimated project cost, including general design and construction management is $32,993,000.  
The full implementation of this project would generate 1,527 average annual habitat units 
$1,498.59 per unit. 
 
At this time, I further recommend that funds in the amount of $3,495,000 be allocated for the 
preparation of project plans and specifications. 
 
 
 
________________________ ___________________________________ 
Date: Thomas E. O’Hara, Jr. 
     Colonel, U.S. Army 
     District Commander 
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TED SHANKS CONSERVATION AREA 

HABITAT REHABILITATION AND ENHANCEMENT PROJECT 
 

POOL 24, MISSISSIPPI RIVER MILES 284.5 THROUGH 288.5 
PIKE COUNTY, MISSOURI 

 
DRAFT FINDING OF NO SIGNIFICANT IMPACT 
 
I have reviewed the information provided by this Environmental Assessment, along with data 
obtained from Federal and State agencies having jurisdiction by law or special expertise, and 
from the interested public.  I find that the Tentatively Selected Plan for the proposed habitat 
rehabilitation and enhancement project at Ted Shanks Conservation Area, Pike County, 
Missouri, would not significantly affect the quality of the human environment.  Therefore, it is 
my determination that an Environmental Impact Statement is not required.  This determination 
may be reevaluated if warranted by further developments. 
 
The primary habitat problem in the area is a dramatic loss of forest due to inadequate drainage, 
elevated water table, and water level management.  Additionally aquatic habitat is impacted by 
non-native species, sedimentation, and lack of depth diversity.  This is limiting ecological health 
and altering the character of this unique floodplain area.  Restoration of the project area is 
particularly important because floodplain habitat along the Mississippi River has been highly 
altered.  Large portions have been converted to agriculture, and remaining natural habitat is 
invaded by non-native species and degraded by the altered hydrology of the Mississippi River.  
Much of the critical spawning, nursery, and overwintering areas for fish, habitat for migratory 
birds and aquatic plant communities have been lost.  An opportunity exists to restore the 
degraded Ted Shanks Conservation Area and associated side channel.  The project would restore 
suitable areas to forest, improve moist soil plant abundance, and enhance aquatic habitat.  
Implementation of the tentatively selected plan would increase the quality and quantity of 
wildlife habitat and meet the life requisites for a large variety of native floodplain species.   
 
The Ted Shanks Habitat Rehabilitation and Enhancement Project is authorized by the 1985 
Supplemental Appropriations Act (Public Law 99-88) and Section 1103 of the Water Resources 
Development Act of 1986 (Public Law 99-662).  The proposed project would be funded and 
constructed under this authorization. 
 
The alternatives for this project build on one another containing many of the same features 
except those noted below.  As part of this evaluation, I have considered the following 
alternatives: 
 



 

 

• No Action 
 

• Alternative 12 which includes the following 
o Create North and South management units 
o N & S MDC Setbacks 
o Install external water drainage 
o Nose Slough water drainage  
o Horseshoe Northeast hard mast 
o Horseshoe Northwest hard mast 
o Diesel Pump 
o Deadman’s Slough riffle/hard point combination 
o Horseshoe Northeast floodplain forest 
o Horseshoe Northwest floodplain forest 

 
• Alternative 13 - The creation of a north and south management unit is replaced with 

creating 3 management units 
 

• Alternative 14 - Floodplain forest planting in Horseshoe South  
 
The possible consequences of these alternatives have been studied for physical, environmental, 
cultural, social and economic effects, and engineering feasibility.  Significant factors evaluated 
as part of my review included: 
 
The tentatively selected plan includes the construction of three double barrel 8 ft. wide by 6 ft. 
high concrete box culverts to drain the project area interior.  To further improve water drainage, 
sediment plugs blocking historic waterways would be removed.  To allow for targeted 
management of the project area’s different habitats, the existing Horseshoe Unit would be 
divided into three units, Horseshoe Northwest, Northeast and South.  Three new internal 6 ft. 
diameter CMP structures would be constructed at the juncture between the three units.  The two 
structures which drain another unit, Nose Slough, would be replaced with larger 4 ft. by 4 ft. 
concrete box culverts to better protect existing hardwood forest.  Two areas of levee would be 
setback along the Salt River.  These setbacks would place existing forest outside the levee thus 
eliminating negative impacts from ponded water.  Trees would be planted throughout the 
northern part of the project area.  Outside the agricultural levee, at the south end of the project 
area, Deadman’s Slough would be restored.  The mouth of Deadman’s Slough, which is nearly 
closed off, would be moved below an existing dike to reduce sedimentation.   Finally, rock 
structures would be installed throughout the slough to help maintain depth and create habitat 
diversity.   
 
Approximately 46 acres of wetland would be converted to non-wetland with the construction of 
interior berms, levee setbacks, water control structures, and dredging.  However, these impacts 
would be offset by the restoration of over 2,900 acres of wetland through improved water level 
management, planting of 352 acres of forest, and the reconnection of 280 acres of floodplain.   
 
The project would not impact existing and potential water supplies, water conservation, currents, 
circulation, special aquatic sites, drainage patterns, commercial fisheries, commercial navigation, 



 

 

national and historic monuments, national seashores, wild and scenic rivers, wilderness areas, 
research sites, etc. 
 
The project is expected to have long-term positive impacts on aquatic resources, terrestrial 
resources, aquatic and wetland habitat, turbidity, erosion and accretion patterns, recreational 
resources, recreational fisheries, and aesthetic value.   
 
There would be no long-term adverse impacts to the physical environment (e.g., noise, air 
quality, and water quality); safety; traffic/transportation patterns; or socio-economic benefits. 
 
The project would not impact agricultural lands.   
 
Federally- and/or state-listed endangered, threatened, or candidate species would not be 
adversely impacted. 
 
The project is planned to avoid identified cultural resources.  Thus, no cultural resource issues, or 
hazardous and toxic waste issues are expected. 
 
No adverse significant cumulative impacts are anticipated.  
 
The "No Action" Alternative was evaluated and would be unacceptable to recommend as it does 
not meet the project goal of rehabilitating and enhancing the quality and diversity of wetland 
habitat in the project area to benefit primarily migratory birds and secondarily other wetland 
species. 
 
The Clean Water Act Sections 401 and 404, and the Rivers and Harbors Act Section 10 process 
will be initiated during or just prior to the release of this document for public review.  
Compliance with Section 106 of the National Historic Preservation Act (NHPA) will be achieved 
with the State Historic Preservation Officer’s concurrence during public review that this project 
is not likely to impact any historic sites.  The Fish and Wildlife Service will review the document 
during public review to finalize compliance with the Endangered Species Act and Fish and 
Wildlife Coordination Act.  Compliance with the National Environmental Policy Act will be 
achieved with the signing of this Finding of No Significant Impact.  The project is in compliance 
with all other applicable laws and regulations as documented in Table 9.4 in the Definite Project 
Report. 
 
  



 

 

Based on the disclosure of the Tentatively Selected Plan impacts contained within the Definite 
Project Report, no significant impacts to the environment are anticipated.  Coordination has been 
made throughout the planning and design process with the U.S. Fish and Wildlife Service and 
the Missouri Department of Conservation, and there are no significant unresolved issues.  A draft 
Coordination Act Report (CAR) has been received from the U.S. Fish and Wildlife Service.  This 
report indicates the Service’s support for the Tentatively Selected Plan.  The public and agencies 
will be given a chance to comment on the Definite Project Report and Tentatively Selected Plan 
during the 45 day public review period.  Any comments received during this process will be 
carefully considered.  Comments and responses will be incorporated into this document.   
 
________________________ ___________________________________ 
Date: Thomas E. O’Hara, Jr. 
  Colonel, U.S. Army 
  District Commander 
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Ted Shanks 
Team Meeting Minutes 

29-30 May 2007 
 
Attendees:  See attached list 
 
Purpose:  The May 29 – 30 meeting had two purposes: discuss questions from the Corps of 
Engineers April 4 meeting and determine initial options for specific project features to 
rehabilitate the Corps owned portion of Ted Shanks Conservation Area.   
 
The Detailed Project Report (DPR) is a 100 percent federal document that will define the federal 
project for the construction phase. 
 
The Corps had previously met on April 4, 2007 to discuss (in-house) the status of the Ted Shanks 
EMP project, review the DPR timeline, and begin establishing the steps to complete the DPR.  
From this meeting, Corps team members had a series of questions for the project sponsor, MDC, 
about the project and its features.  
 

May 29, 2007 
Opening Statements 
Markert – Opening 
This project has become an EMP priority with funding in Fiscal Years 08 and 09 – October 2007 
to September 2009.  We plan to use this funding to complete the DPR. 
 
Kleber - Ground Rules 
DPR is 100 percent federal 
MDC is the local sponsor 
All features on Corps lands are 100 percent federal 
Any features on MDC property will need to be cost shared 65 percent, Federal and 35 percent , 
MDC. 
At some point prior to submitting the DPR, we will need to draft an Operation and Maintenance 
Agreement. 
 
Flaspohler – Status of Work on MDC lands 
Tree clearing for reed canary grass control has been completed on 1,100 acres over the past three 
years.  Reed canary grass is being controlled primarily through tilling and planting areas to 
round-up ready corn and wheat followed by round-up application.  Wheat has as an added 
benefit because it is slightly alleleopathic and forms a dense root mass preventing re-sprouting of 
reed canary grass.   
In 2006, 305 acres were planted with root prune method (rpm) trees.  These trees were planted at 
453’- 455’ elevation with mounds, no mounds, caging, and no caging to determine a best 
method.  The caged trees are doing slightly better and too much mowing appears to expose trees 
to more deer damage.  Two weeks ago construction began on a small interior levee with concrete 
water control structure to protect these trees.   
 
Questions for Discussion from the April 4, 2007 Corps Meeting: 
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1.  Is the conservation area ever drained completely of all water?  In the future, is it desired to 
drain it completely or will there always be some water in it? 
 
ANSWER – The area is being drained down as much as possible to allow access and aid 
management of reed canary grass.  For reed canary grass management, the area needs to be kept 
dry as long as possible.  Old oxbow lakes retain water year round.  Once reed canary grass is 
under control, maximum draw down will not be necessary. 
 
2.  Will the pump station proposed for the eastern side of the conservation area be used only for 
pumping water into the conservation area, or will it also be used for pumping water out of the 
conservation area? 
 
ANSWER – The pump station would be used to move water into and out of the area through a 
natural ditch. 
 
3. Is it desired to bring runoff from the local drainage watersheds identified in the Function 
Analysis Workshop Report into the conservation area?  Could this runoff, which may have 
different water-quality characteristics than Mississippi River water, be beneficial to or enhance 
the habitat of all or parts of the conservation area?  Would it be beneficial to bring runoff from 
the local drainage watersheds into only certain compartments or portions of the conservation 
area? 
 
ANSWER – The watersheds along the middle portion of Ted Shanks feed into tiles that empty 
into the area.  The larger watersheds containing Ashburn and LaMotte go into the Mississippi 
River.  Water from these areas would be flashy and dependent on rainfall.  Mike was inclined to 
leave this water outside of the Ted Shanks levee.  However, it would be useful to know the water 
quantity that would be available on a per month basis.  If the cost to move this water onto Ted 
Shanks in a controlled fashion is low then it is worth considering. 
   
4. During the filling of the conservation area in the past, did the on-site staff make any 
observations (qualitative, quantitative, or both) with regard to water losses resulting from 
infiltration?  Did water losses from infiltration exhibit any seasonal trends or any other trends? 
 
ANSWER – Prior to this Spring's highwater events, water levels in the area were at 450’ and 
rose to 452’ with the high river level.  There is some infiltration of lake beds and levees during 
high water.  Sand in the berms along 3 Mile Ditch indicates there is sand in the area.  Soil sample 
data in the MDC 1973 Document Design Criteria and Preliminary Plan indicated sand in 
several samples.  The proposed deep holes may alter drainage due to sand lenses.  When filling 
the area, more water than just what would be calculated from surface area and elevation is 
needed but not a substantial amount. 
 
5. Would the on-site staff like to have remote control of some or all of the existing or proposed 
water control structures? Would the on-site staff like to have water-level gages located within the 
conservation area?  These gages could be of various types (e.g., manually read, telephonically 
queried, automatically transmitting).  
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ANSWER – A remote control structure would be nice to have because it currently takes 30 
minutes to reach the furthest water control structures.  The remote station would have a solar 
panel and operating box.  However, the expected cost is high, and this money would be better 
spent on other features.  MDC would like to have staff gauges at all stations.  One unit could be 
placed right at the intersection of the various pools and thus read all pools. 
 
6. During the Function Analysis Workshop, there was some discussion about the Mississippi 
River levees.  Additional discussion about the present level of protection provided by the levees, 
as well as the desired future level of protection, would be beneficial.  This discussion should 
include a summary of historic Mississippi River flooding within the vicinity of the conservation 
area. 
 
ANSWER – From the preliminary topography data, levees along the exterior of Ted Shanks 
appear to meet 20 to 25-year protection standards except for low spots.  Elevations range from 
465’ at the northern end to 462’ at the lower end.   
 
7.  Is the pump description in the Value Engineering Study report based on an existing pump 
station?  Are there particular types of pumping equipment that MDC has experience with that 
you do like or don't like? 
 
ANSWER – The pump would have reversible flow with a fixed pump station and portable 
power system.  The current MDC products are not ideal.  MDC would like to know more about 
alternative pump options and availability with a particular interest in reducing the number of 
control gates and making things more efficient.   
 
8. The kind of operational access MDC needs for personnel must be considered with regard to 
safety (guardrails, slip-proof grating, etc.). 
 
ANSWER – The site visit provided information on current access conditions.  Future access will 
meet Corps safety requirements. 
 
9.  How do they anticipate using various items? 
 
ANSWER - Hand cranking gates open or closed should be avoided.  Some type of powered 
means should be provided.  
 
Additional Remarks 
Markert – It would be nice to setback the Mississippi levee to open up more of the floodplain.  
On the Salt River, levees could be moved in to border the sloughs and high areas straightening 
the levees and reducing management.   
 
Flaspohler – Portions of 3 Mile Ditch should be eliminated by creating a meandering channel 
that reconnects old scours.  Drainage should be based on historic drainage patterns. 
 
Site Tour – Participants toured the site to see current water control structures, pump station, 
levees, and management. 
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Water Control Structures - Current structures are 30" – 48” and some have sluice gates.  Water 
control structures need sloping walls and moveable grating to allow clearing of material placed 
by beavers.  MDC would like to fine tune water management N. to S. to better preserve trees.  
The existing structure at the southern end of Ted Shanks feeds into Deadman’s Slough.  It does 
not move water fast enough and took 10 days to drain water off flooded trees resulting in mass 
tree kills.  MDC would like to replace/upgrade the existing structure so that it can handle more 
water.  If meanders are added to 3 Mile Ditch, then the capacity of proposed structures may not 
have to be as large.  MDC appears to use corrugated plastic pipe for new structures. 
 
Proposed water control – Two oversized water control structures are possible to replace the 
existing structure.  One would be placed at the existing location the second would be placed to 
the west. 
 
Pump station – The two existing pumps have props that turn one direction.   Water flow is 
reversible using four butterfly gates.  The gates are opened and closed manually at a 30:1 turn 
ratio.  For maintenance, this is too many gates and MDC would like an electronic or diesel 
adapter for opening and closing the gates.  Fall pumping puts 3’+ of water onto the area.  Water 
is also kept on the area in spring to promote fish spawning. 
 
Proposed Pump Station - MDC would like to place the new pump station in a low area in the 
middle of the Corps land to make use of old sloughs. 
 
Levees – Corps Land Mississippi River Levee:   This steep-sided levee is full of some of the 
best trees on the area.  MDC was interested in reshaping the levee to reduce its steepness and 
allow for maintenance.  However, because of the condition of the levee, it would probably have 
to be knocked down and rebuilt and the new levee would have to meet current specs requiring a 
25 ft no tree zone on each side of the levee.  MDC does not want to move the levee because the 
levee is bordered by valued scrub/shrub habitat.  Dirt cannot be added to the levee to reduce the 
slope because more than 2” of dirt will slowly smother the trees.   
 
Proposed Fix - The group decided that dirt could be added to low areas in the road on top of the 
levee and some spot fixes for dead trees may be done.    
 
Levees – Salt River:  MDC would like to have portions of the levee along the Salt River moved 
back and original portions degraded.  The first set back would follow natural high ground.  The 
second levee would be built along either bank of a slough but preferably along the natural levee 
on the northeast bank.  To decrease risk of underseepage, it may be necessary to fill the slough or 
the levee could be designed with drainage structures to allow leakage.  The slough rises 3’ with 
flooding and dries annually in late summer. The area is dry enough for construction in April or 
late March.  Assuming an 8’ height, the Salt River levees would require approximately a 60’ 
footprint with a 1:3 slope and 10’ top.  There is an Eagle’s nest along the area and this would 
need to be considered during construction. 
 
Levee – Proposed:  Mike would like to have a levee built starting near the top of Reiniking 
Slough connecting to the 3 Mile Ditch berm.  This would split the area into three different 
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management units.  The primary purpose of these units is waterfowl management; fisheries and 
hard mast tree establishment are secondary.  The NW unit could be disconnected from the 
floodplain to establish preferred fisheries.  The NE portion would have the highest elevations and 
thus be the best for tree planting.  The southern unit would be managed as scrub/shrub habitat. 
 
Deep holes – Deep holes proposed for Horseshoe Lake and Reiniking Slough may increase 
connectivity.  The sediment in these lakes is very soupy and may fill in any holes that are dug.  
However, there are winter and summer die offs in these lakes.   
 
Wrap up – Between now and the end of September, the Corps plans to develop preliminary 
plans for proposed structures and alternatives.  We plan to meet again in October to discuss 
preliminary designs.  MDC will need buy-in from management and the proposed October 
meeting would be a good time for them to weigh in. 
    

30 MAY 2007 
 
Purpose:  We met to re-cap project features discussed during the previous day.  Dr. Mickey 
Heitmeyer gave a presentation on hydrogeomorphic studies of the Mississippi floodplain areas 
and some preliminary information about Ted Shanks.  Dr. Heitmeyer’s presentation (for Corps 
personnel) is available on the shared projects drive at  
P:\Ted Shanks\29May2007 Meeting\Mickey2006MNRCGoldenAnniversary.ppt or upon request.  
Further discussion followed to establish more specific project features.  Please see attached maps 
for specific feature locations. 
 
New Project Feature Options 

1. New Pump Station  
2. New pump station drainage ditch (Station Ditch), berms, & water control structures 
3. Road in 3 Mile Ditch levee & parking lot 
4. Meander in 3 Mile Ditch 
5. Water Control structures – New (5), Upgrade/Replace (3) 
6. Salt River Levee Setbacks 
7. New Levee Construction & spillways 
8. Tree planting above 454’ 
9. Open lower end of Renny King 
10. Deadman’s Slough – hardpoints & open upper end 
11. Degrade portions of levees – Salt & 3 mile berms 
12. Enlarge NW water control structures 

 
Pump Station, Station Ditch, and Spillways – The new pump station will be connected to a 
ditch (Station Ditch) following the natural swales.  Station Ditch will make a perpendicular 
connection between 3 Mile Ditch and the Mississippi River.  The elevation of Station Ditch 
would be a constant 450’ to allow for reversible flow.  Levees would be built on either side.  The 
berms along 3 Mile Ditch above Station Ditch would also need to be upgraded.  Levees along 
Station and 3 Mile Ditch should have occasional spillways where natural channels exist to allow 
for water movement during flooding.  Interior levees should be at 456 – 457’ similar to the one 
MDC is currently building. 
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Water Control Structures –The 1993 and 1995 floods flooded the lower areas and killed many 
trees.  The two proposed oversized structures at the southern end need to be large enough to 
quickly back flood the area to prevent damage from overtopping and then drain the area quickly 
to prevent tree kill.  These structures need to be fish accessible to give access to spawning fish.  
High flows are not as detrimental to fish as turbulence thus box culverts or tainter gate-like 
structures are preferable.   
 
Water control structures will be added around the Station Ditch to move water between units.   
 
A new structure along the northern portion of Reiniking will allow flooding of the NW unit and 
enhance the speed of water movement.  Two existing structures at the northern end of Horseshoe 
Lake should be upgraded to larger structures.  These three structures should be designed to 
prevent or slow movement of exotic fish while allowing small fish movement. 
 
3 Mile Ditch – 3 Mile Ditch below the Station Ditch connection will be modified to follow the 
natural ridge and swale topography.  Some areas of the berms along the original portion will be 
degraded and material may be used to enhance elevation of natural ridges. 
 
New levee construction – A levee is proposed between Reiniking Slough and 3 Mile Ditch to 
divide the area into three management areas.  The following chart, taken from Mickey 
Heitmeyer's presentation, shows typical historic managed water levels and natural historic water 
levels.  Having multiple management units would allow greater flexibility.  Multiple areas could 
be flooded at different times and for different periods, allowing for  more natural fluctuations 
over several years.  The GTR line is the way the area has been managed in the past and is not 
recommended by Dr. Heitmeyer for future management due to effects on existing trees. 
 
Access – Because the proposed new levees around 3 Mile and Station Ditch would cut off access 
to the southern unit and for maintenance needs, an access road would need to be built along the 
top of the 3 Mile Ditch levee.  Below the connection of 3 Mile Ditch and Station Ditch, a parking 
lot should be built with a boat ramp to provide public access.  There should also be service 
access to the new pump station along Station Ditch levee. 
 
Deadman’s Slough – There is a desire to re-open the upper end of Deadman’s slough and 
potentially build a structure to prevent debris build up with a focus on maintaining or improving 
flow.  This must not impact the navigation channel.  Creating deep water areas through the 
placement of hardpoints would also be welcome if it did not interfere with flow.   
 
Tree Planting – The focus of tree planting efforts will be in the NE unit at elevations above 
454’.  Trees may also be planted in the southern unit at 455’ on berms and areas where spoil is 
placed.   
.
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Due Outs 
 

1. LaMotte and Ashburn watersheds - Determine the water quantity on a per month basis 
that could be provided to the Ted Shanks area. 

2. Pump and pump station designs - Research and coordinate with MDC to find a 
configuration that would reduce maintenance and increase efficiency. 

3. Cost estimates - Complete estimates for rehab of the Corps Mississippi levee and the low 
cost fix of filling low spots.   

4. Deadman’s Slough - Determine the ability to open up the upper end of Deadman’s 
slough, structures to decrease debris influx, and number and placement of hard points. 

5. Oversized water control structures - Determine the capacity needed to drain and fill the 
southern management area. 

6. Tree Planting - Determine areas with 454’ elevation for tree planting in NE unit. 
7. Electricity - Determine the feasibility and cost of getting electricity to pumps (Mississippi 

or Salt River location). 
8. 3 Mile Ditch Meander - Determine natural path for the lower section of 3 Mile Ditch. 
9. Spillways - Consult with MDC to determine placement, elevation, and number. 
10. 3 Mile Ditch Berm and Salt River Levee - Determine how much of the berm and levee 

will be degraded and locations for material. 
11. Proposed Water Management Plan 

 
The above Due Outs will be discussed at the 13 June in house Corps meeting in the PM 
conference room and action offices assigned.
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DEPARTMENT OF THE ARMY 
ST. LOUIS DISTRICT, CORPS OF ENGINEERS 

1222 SPRUCE STREET 
ST. LOUIS, MISSOURI 631 03-2833 

July 13,2007 

Engineering and Construction Division 
Curation and Archives Analysis Branch 

Mr. John Barrett, Chairman 
Citizen Potawatomi Nation 
1601 South Gordon Cooper Drive 
Shawnee, Oklahoma 74801 

Dear Chairman Barrett: 

This letter addresses the Habitat Rehabilitation and Enhancement project at the Ted 
Shanks Conservation Area (TSCA), which is located 15 miles north of Louisiana, 
Missouri, in Pike County and is 80 miles north of St. Louis, Missouri. The TSCA is 
adjacent to Upper Mississippi River mile marker 286, along the right descending bank of 
the Mississippi River (see attached Map 1). 

This project focuses on improving habitat that was severely degraded as a result of the 
1993 flood. The majority of lands are owned by the Missouri Department of 
Conservation (MDC) with the remainder in U.S. Army Corps of Engineers ownership 
and operated by MDC under a general plan agreement. This project, which is taking 
place on U.S. Army Corps of Engineers fee-title land, encompasses a total of 2,878 acres 
(see attached Map 2). 

The Ted Shanks Conservation Area was severely impacted by the flood of 1993. 
Prolonged inundation by flood waters led to the eventual loss of most of an exceptional 
stand of bottomland hardwoods. The hard mast producing trees have been largely 
replaced by reed canary grass, an invasive cool-season grass. River protection levees 
also were damaged by flood events and suffer from tree encroachment, affecting levee 
integrity. Other undesirable conditions existing on site include poor water level 
management capabilities due to undersized and failing water control structures, lack of 
quality fish habitat (thermal refuge, woody structures), and lack of wetland habitat 
diversity. 

This Habitat Rehabilitation and Enhancement plan will include the following impacts: 

a. Remove trees, regrade, and reseed 8.5 miles of exterior river protection levees. 

b. Install an exterior water control structure through the exterior levee at the southern 
end of the three-mile ditch. 

c. Clear woody debris, control reed canary grass, and re-establish hard mast trees 
where elevation allows on approximately 870 acres. 

d. Dredge central drainage ditch, construct a new service road, build or replace 
interior water control structures, including three miles of interior levees, and install pump 
stations. 
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e. Plant trees on 105 acres of ground above elevation 453'msl, dredge seven acres of 
thermal fish refuges (nine feet deep), install 14 woody structures within the thermal 
refuges, and install weirs at both ends of Deadman Slough. 

Impacts to potentially significant historic properties are not anticipated during this 
activity. However, an archaeological survey will be conducted before work begins. If 
sites will be impacted, the tribes who have indicated they have an interest in this area will 
be contacted, and consultation will take place. Should an inadvertent discovery of human 
remains occur, then Section 3 of the Native American Graves Protection and Repatriation 
Act will be followed. 

The project lands are encompassed within the area judicially established by a finding 
of the Indian Claims Commission as being the aboriginal territory of the Sac and Fox 
Nations (see attached Map 3). All of the following tribes are being notified regarding this 
project as potential interested parties: 

a. Sac & Fox Nation of Oklahoma 

b. Sac & Fox Tribe of Iowa 

c. Sac & Fox Nation of Kansas 

d. Ho-Chunk Nation 

e. Winnebago Tribe 

f. Iowa Tribe of Kansas 

g. Iowa Tribe of Oklahoma 

h. Kickapoo Tribe of Oklahoma 

i. The Kickapoo Traditional Tribe of Texas 

j. Kickapoo Tribe of Kansas 

k. Miami Tribe 

1. Osage Nation 

m. Citizen Potawatomi Nation 

n. Forest County Potawatomi 

o. Pokagon Band of Potawatomi 

p. Huron Potawatomi Nation 
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q. Prairie Band of Potawatomi 

r. Gun Lake Potawatomi 

s. The Peoria Tribe 

t. Hannahville Indian Community 

Please send all comments or concerns, by September 7,2007, to Ms. Roberta L. 
Hayworth, the St. Louis District Native American Coordinator, at the address below or at 
roberta.hayworth@mvs02.usace.army.mil. or (314) 331-8833. 

U.S. Army Engineer District, St. Louis 
ATTN: CEMVS-EC-Z (Hayworth) 
1222 Spruce Street 
St. Louis, Missouri 63 103-2833 

Sincerely, 

Michael K. Trimble, Ph.D. 
Chief, Curation and Archives 
Analysis Branch 

Attachments 

Copy Furnished: 

Mr. Jeremy Finch 
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Mr. John Barrett, Chairman 
Citizen Potawatomi Nation 
1601 S. Gordon Cooper Drive 
Shawnee, Oklahoma 74801 

SAME LETTER SENT: 

TRIBAL CHAIRPERSONS 

Mr. Harold Frank, Chairman 
Forest County Potawatomi 
P.O. Box 340 
Crandon, Wisconsin 54520 

Mr. D.K. Sprague, Chairman 
Gun Lake Potawatomi 
P.O. Box 218 
Dorr, Michigan 49323 

Mr. Kenneth Meshigand, Chairman 
Hannahville Indian Community 
N14911 Hannahville Blvd. Rd. 
Wilson, Michigan 49896-9728 

Ms. Laura Spurr, Chairwoman 
Huron Potawatomi Nation 
2221-1 54 Mile Road 
Fulton, Michigan 49052 

Mr. John Miller, Chairman 
Pokagon Band of Potawatomi 
P.O. Box 180 
Dowagiac, Michigan 49047 

Ms. Tracy Standoff, Chairwoman 
Prairie Band of Potawatomi 
Government Center 
16281 Q Road 
Mayetta, Kansas 66509 

Mr. George Lewis, President 
Ho-Chunk Nation 
P.O. Box 667 
Black River Falls, Wisconsin 54675 

Mr. Matthew Pilcher, Chairman 
Winnebago Tribe of Nebraska 
P.O. Box 687 
Winnebago, Nebraska 68071 

Mr. Leon Campbell, Chairman 
Iowa Tribe of Kansas 
3345 Thrasher Road # 8 
White Cloud, Kansas 66094 

Ms. Bernadette Huber, Chairwoman 
Iowa Tribe of Oklahoma 
Route 1, Box 721 
Perkins, Oklahoma 74059 

Mr. Juan Garza, Chairman 
Kickapoo Traditional Tribe of Texas 
HC 1, Box 9700 
Eagle Pass, Texas 78853 

Mr. Tony Salazar, Chairman 
Kickapoo Tribe of Oklahoma 
P.O. Box 70 
McCloud, Oklahoma 7485 1 

Mr. Steve Cadue, Chairman 
Kickapoo Tribe of Kansas 
P.O. Box 271 
Horton, Kansas 66439 

Ms. Kay Rhoads, Principal Chief 
Sac & Fox Nation of Oklahoma 
Route 2, Box 246 
Stroud, Oklahoma 74079 

Ms. Fredia Perkins, Chairwoman 
Sac & Fox Nation of Missouri in Kansas 
and Nebraska 
Rt. 1, Box 60 
Reserve, Kansas 66434 

Mr. Homer Bear, Jr., Chairman 
Sac & Fox Tribe of Mississippi In Iowa 
3 1 37 F. Avenue 
Tama, Iowa 52339 

Mr. Floyd E. Leonard, Chief 
Miami Tribe of Oklahoma 
P.O. Box 1326 
Miami, Oklahoma 74355 

Mr. Jim Gray, Principal Chief 
Osage Nation of Oklahoma 
P.O. Box 779 
Pawhuska, Oklahoma 74056 

Mr. John Froman, Chief 
Peoria Tribe 
P.O. Box 1527 
Miami, Oklahoma 74355 
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Mr. Jeremy Finch 
Citizen Potawatomi Nation 
160 1 S. Gordon Cooper Dr. 
Shawnee, Oklahoma 74801 

Mr. Vince Leppart 
Forest County Potawatomi 
5460 Everybody's Road 
P.O. Box 340 
Crandon, Wisconsin 54520 

SAME LETTER SENT: 

TRIBAL REPRESENTATIVE: 

Mr. Floyd Rhode 
Hannahville Indian Community 
P.O. Box 351, W 399 
Highway 2 & 42 
Harris, Michigan 49845 

Mr. Dale Andersen 
Huron Potawatomi Nation 
2221-1 !4 Mile Road 
Fulton, Michigan 49052 

Mr. Mark Parrish 
Pokagon Band of Potawatomi 
P.O. Box 180 
58620 Stink Road 
Dowagiac, Michigan 49047 

Mr. Rey Kitchkumme 
Prairie Band of Potawatomi 
Government Center 
16281 Q Road 
Mayetta, Kansas 66509 

Mr. Larry Garvin 
Cultural Resources Division 
Ho-Chunk Nation of Wisconsin 
P.O. Box667 
Black River Falls, WI 54615 

Mr. William Quackenbush 
Cultural Resources Division 
Ho-Chunk Nation of Wisconsin 
P.O. Box 667 
Black River Falls, WI 54615 

Mr. David Smith 
Little Priest Tribal College 
P.O. Box 270 
Winnebago, Nebraska 68071 

Mr. Charles Aldrich 
Tribal Council member 
Winnebago Tribe of Nebraska 
P.O. Box 687 
Winnebago, Nebraska 68071 

Mr. Danny Kaskaske 
Kickapoo Tribe of Oklahoma 
P.O. Box 70 
McCloud, Oklahoma 7485 1 

Mr. Curtis Simon 
Kickapoo Tribe of Kansas 
P.O. Box 270 
Horton, Kansas 66439 

Ms. Sandra Massey 
Sac & Fox Nation of Oklahoma 
Route 2, Box 246 
Stroud, Oklahoma 74030 

Ms. Deanne Bahr 
Sac & Fox Nation of Missouri 
305 North Main Street 
Hiawatha, Kansas 66434 

Mr. Edmore Green 
Sac & Fox Nation of Missouri 
305 North Main Street 
Hiawatha, Kansas 66434 

Mr. Jonathan Buffalo 
Sac & Fox of the Mississippi 
3 1 37 F Avenue 
Tama, Iowa 52339 

Ms. Julie Olds 
Miami Tribe 
P.O. Box 1236 
Miami, Oklahoma 74355 

Ms. Samantha Gillett 
Osage Tribe 
P.O. Box 779 
Pawhuska, Oklahoma 74056 

Mr. Emmett E. Ellis 
Peoria Tribe 
6435 south Quebec Avenue 
Tulsa, 0 74136 
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Ted Shanks 
Conservation Area 
About This Area 
Ted Shanks Conservation Area is in Pike County near 
Ashburn, 16 miles north of Louisiana and 18 miles 
south of Hannibal. To enter the area, exit Highway 79 
and follow Route ?T east to Ashburn. 

This 6,705 acre area contains 1,930 acres of bot- 
tomland hardwood timber, 1,364 acres of marsh, 1,264 
acres of mixed shrub/scrub/emergent wetlands, 800 acres 
of row crop, 575 acres of ox-bow lakes and sloughs, 722 
acres of old fields, upland woods, levees and roads. 

The area consists of 3,827 acres of MDC lands and 
2,878 acres of lands managed under a cooperative agree- 
ment between the Conservation Department, U.S. Fish 
& Wildlife Service and U.S. Army Corps of Engineers. 

Pittrnan-Robertson funds from the federal excise 
tax on sporting arms and ammunition were used for 75% 
of the purchase cost of the original area. The area was 
acquired in 1970-71. 

Ted Shanks conservation Area borders 6 314 miles 
of Mississippi River frontage, 3 112 miles of the Salt 
River and 2 114 miles of river bluffs. 

Zebulon Pike charted the mouth of the Salt River 
in 1805. The area was a hunting and battle ground for 
Sac and Fox indians from the north and the Osages from 
the south. The land was granted to Saucier in 1799 and 
in turn to his son-in-law's brother, Auguste Chateau 
(one of the founders of St. Louis), then to Neree Valle 
(associated with the founding of St. Genevieve). 

The area contains 35 miles of levees, two pump sta- 
tions, nine miles of water canals and 45 water control 
structures. The area is divided into 19 management 
units. 

Things To Do 
Hunting. The area supports good populations of 

waterfowl, deer and turkeys. All hunters are required to 
check in before and after hunting. 

Fishing. Backwater sloughs and oxbows provide good 
crappie and catfish fishing. 

Birdwatching. Owing to its tremendous habitat diver- 
sity, Ted Shanks CA is one of the premier wetland bird- 
ing areas in Missouri. In all, more than 260 birds have 
been documented from the area, including several rare 
or unusual species. 

Ted Shanks Comation A m  is one of 
Missourii designated Watchabk Wikllife 
sites. 'The Watohable Wildlife Program pro- 
vides opportunities for p p k  to learn about 
dants and animals. land and wiMlife man- 

I agement and w ~ a t i o n  m&, as they enjoy their time 
outdoo~s. I 
- Bald Eagles have been annual nesters since the early 
1990s. Fish crows, Mississippi Fites, wood ducks, pro- 
thonotary warblers and hooded mergansers breed in the 
forests along the river and elsewhere on the area. 
- More than 20 species of shorebirds can be seen on the 
mudflats in moist soil pools and along the margins of 
permanent water during spring andfall migrations. 
- Pied-billed grebes are regular nesters in flooded vege- 
tation near open water. The lucky birder may hear the 
loud cooing call of a least bittern emanating from an 
emergent marsh, or see a brood of king rails foraging 
along the edge of a drying wale in early July. 
- Snowy egrets, little blue herons and yellow-crowned 
night herons occasionally join great blue herons and 
great egrets in stalking the abundant prey in pools and 
waterways. 
- Birders and hunters alike take pleasure in the multi- 
tude and variety of ducks and geese that visit the area in 
fall and spring. 
- A complete list of birds recorded from the area can be 
obtained at the headquarters building or the MDC 
office in Hannibal. 

Camping. The area has over a dozen primitive camp- 
sites. Toilets are provided at three locations. 

Hiking. Over 35 miles of levees provide excellent 
hiking opportunities. 

Natural areas. Two natural areas, Oval Lake and Bur- 
Reed Slough are located on the area. 
Oval lake is a ten acre flood plain pond surrounded by 
an interesting community of river bulrush. Bur-Reed 
Slough is a small marsh with giant bur-reed, great bul- 
rush and associated marsh plants. 

Nature Study. The headquarters building contains 
exhibits, displays and slide programs on outdoor related 
topics. An observation room overlooks the marsh. A 
self-guided auto tour traverses the area, and group tours 
are available on request. 

Picnicking. Picnic tables are available during the 
summer months at the adjacent DuPont Reservation 
Conservation Area. 

Fragging. 

Rules and Regulations 
Area hours: Open daily from 4 a.m. to 10 p.m. Camping, 
hunting, fishing, dog training and launching and land- 
ing boats are permitted at any time when authorized. 

No littering. 
No fireworks. 
No open fres. 
No free-running pets. Dogs must be leashed or con- 

fined when not being trained or used for hunting. 
Destroying, cutting or removing vegetation is prohib- 

ited. Nuts, berries, fruits, mushrooms and wild greens 
may be taken for personal consumption only. Taking of 
wild greens from natural areas is not allowed. 

Motor vehicles are restricted to roadways and parking 
areas. 

Horseback riding is permitted only on roads open to 
vehicles. 

Camping is permitted only in and adjacent to parking 
lots and is limited to 14 consecutive days in a 30-day 
period. Groups of 10 campers or more must obtain a spe- 
cial-use permit. From Oct. 15 to the close of the area's 
duck season, camping is only allowed at the gravel park- 
ing lot at the area headquarters. 
* Bicycles are allowed only on roads open to vehicles 
and service roads. 

No target shooting allowed. 
Swimming, scuba diving, water skiing, sailboarding. 

skateboarding, caving and rappelling are not allowed. 

Fishing and Boating: 
Fishing is permitted under statewide regulations. The 
following special regulations also apply. 

Fishing is permitted throughout the year, except from 
Oct. 15 to the close of the area's duck season. 

Fish may be taken with pole or rod with attached line. 
and no more than three poles or rods may be used by any 
one person. Limb lines and bank lines may also be used 
as outlined in the Wildlife Code. 

Carp, buffalo, suckers and gar may be taken by gig, 
longbow or crossbow during statewide seasons. 

Daily limits are four catflsh in the aggregate (channel, 
blue and flathead catfish), six black bass and 30 crappie. 
All other fish fall under statewide limits, but are not to 
exceed 20 in the aggregate. 

All black bass less than 15 inches in total length must 
be returned to the water unharmed immediately after 
being caught. 

Bullfrogs and green frogs may be taken during the 
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statewide season only by hand, handnet, gig, longbow or 
hook and line and only on waters open to f~hing.  

Seining or trapping live bait, including tadpoles, is 
prohibited on all impounded waters and their discharge 
channels. 

Salvage seining of non-game fish for personal use is 
permitted only with written permission of the 
Conservation Department. 

Boats may be used for fishing and wildlife-related 
activities only and may not be stored or left unattended 
overnight. 

Outboard motors in excess of 10 horsepower must be 
operated at slow, no-wake speed. 

Hunting and Trapping: 
Area Is open to hunting under statewide regulations. The fol- 
lowing s p e d  regulations also apply. 

Hunting, except for waterfowl, archery deer and 
turkey, is closed from Oct. 15 to the close of the area's 
duck season. 

Firearms deer hunting is not allowed. 
The use or possession of lead shot is not allowed for all 

hunting except in designated zones. 
Only portable tree stands are permitted and only 

between Sept. 15 and Jan. 31. Each stand must be iden- 
tified with the name and address of the user and must be 
removed fmm the area by Feb. 1. Use of nails or other 
materials that would damage the tree is prohibited. 

All hunters must possess a valid daily tag, issued at 
area headquarters. 

Waterfowl may be taken only from an assigned blind 
or designated area. 

Waterfowl and archery hunting is prohibited after 1 
p.m. in designated areas. 

Hunters must check out immediately after the close of 
their hunting trip and prior to processing birds. 

Nonhunters are prohibited from the shooting areas 

during the waterfowl hunting season, unless they are 
members of and remain with a party authorized to use 
the area. 

Trapping of furbearers allowed only with a special use 
permit. 

Your comments and suggestions 
regarding area facilities and man- 

agement are welcome. 

Welcome 
Missouri is a state rich in history, folklore and nat- 
ural resources. The Conservation Department 
encourages you to visit, use and enjoy this area and 
other Department areas. 

Land surrounding Ted Shanks Conservation 
Area belongs to private landowners. The bound- 
aries adjoining private property are clearly marked. 
Please respect landowners' rights with these simple 
courtesies: obtain permission before going on pri- 
vate property, pick up all litter, be careful with fire, 
do not damage property, practice safe hunting. 

Nearby Department Areas: 
DuPont Fhemtion Comenation Area 
Edward Andemn C m a t i o n  Area 
upper Mississippi c o r n t i o n  Area 

Ranacker Conservation Area 
For local information, contact: 

Department of Conservation 
653 Clinic Road 

Hannibal, MO 63401 
5731248-2530 

or 
Ted Shanks Conservation Area 

3643 Pike 145 
Ashburn, MO 63433 

5731754-6171 

Ted Shanks 
Conservation Area 

Missouri Department of 
CONSERVATION 
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Tour of IDNR Water Control Structures 
30 July 2007 

 
Attendees: 
Mike Flaspohler, MDC, (573) 248-2530, Mike.Flaspohler@mdc.mo.gov 
Ryan Kelley, MDC, (573) 754-6171, Ryan.Kelly@mdc.mo.gov 
Ron Dieckmann, USACE, (314) 331-8363, Ronald.j.dieckmann@usace.army.mil 
Ray Kopsky, USACE, (314) 331-8375, Raymond.j.kopsky@usace.army.mil 
Brian Markert, USACE, (314) 331-8455, brian.j.markert@usace.army.mil 
Brian Kleber, USACE, (314) 331-8423, brian.k.kleber@usace.army.mil 
Amanda Oliver, USACE, (314) 331-8497, Amanda.j.oliver@usace.army.mil 
Kip Runyon, USACE, (314) 331-8396, kip.r.runyon@usace.army.mil 
T. Miller, HDR FishPro Inc., (217) 585-8300, thixton.b.miller@hdrinc.com 
Neil Booth, IDNR, (618) 376-3303, nbooth@dnrmail.state.il.us 
 
Photos: 
Available at:  P:\Ted Shanks\30 July 2007 Meeting IDNR Structures 
or upon request from Amanda Oliver. 
 
Purpose: 
The purpose of this meeting was to view various examples of IDNR water control structures and 
gain knowledge from Neil Booth who has a wealth of experience with water control structures.   
   
Calhoun - Stop Log - Sluice Gate Structure at Pohlman Slough 
 
This structure has side by side 10 ft sluice gate and 10ft stop log openings.  The sluice gate 
allows for quick water movement while the stop logs allow for more refined water management.  
When fully open, boats can pass through the stop log opening.   
 
Pros: 

1. Light weight aluminum stop logs that can be placed individually or hooked together and 
placed 2 – 4 at a time.  Note:  The first stop log should always be placed individually 
because it will become sediment laden. 

2. Single jib crane with hydraulic actuator.  This is much more functional then the trolley 
system at the Swan Lake water control structures.  The trolley has to be positioned 
exactly above the bay to pull stop logs without binding. 

3. Wide roadway across structure for large machinery.  Any gates also need to be sized for 
larger machinery. 

Cons: 
1. Lack of reservoir tank on jib.  The jib sits in full sun which causes oil expansion leading 

to increased pressure and leaks. 
2. Stop log attachment points are holes that are difficult to hook up to.  Sometimes the jib 

only attaches to one hole; this causes the stop logs to bind and sometimes bend when 
trying to remove them.  The problem could be fixed by making stop logs with hook 
attachments that are further toward the ends of the logs, similar to those at Batchtown. 

Safety: 
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1. The foot deck needs to have toe kicks installed on both sides.   
2. The roadway and foot deck are at the same height.  This is a good idea for safety and ease 

of use. 
 
Calhoun Silver Lake – 30,000 GPM Pump  
 
The pump moves water from Silver Lake to the Mississippi River.  The inflow was placed in the 
deepest point of the area to allow for full drainage of Silver Lake to allow for sediment 
consolidation.  There is a spillway surrounding the pump station set at flood level to allow back 
flooding.  There is a 2 x 4” grate on the pump intake to prevent fish entrainment.  This grate is at 
a 45 angle downward to prevent debris accumulation 
 
Pros: 

1. The pump is operates smoothly and easily.  Neil loves it. 
2. The pump connects to the John Deere engine through a belt system.  Belts prevent 

incidental damage if they break.  It is much less expensive to replace a destroyed belt, 
than the engine and drive shaft system where a shaft could break driving the shaft up into 
the engine. 

3. Duck bill on discharge pipe – takes less maintenance than traditional structures and 
works well. 

Cons: 
1. The pump could slip its belt if it gets wet.  This has only happened with the Diamond 

Island pump. 
2. John Deere engine vibrates on its mounting.  In some cases this has been severe and is 

solved by installing motor mounts.  Neil prefers Caterpillar engines. 
Safety: 

1. Exposed pump belt does not meet safety standards and must have a cover.   
 
A second pump moves water onto the area.  During the design phase, the engineer determined 
that it was $400,000 cheaper to have two pumps rather than build a structure to support 
reversible pumping.  IDNR’s historic records indicate that to fill the area it takes two times the 
volume of water.  This pump is built to put two times the amount of water needed to fill the area 
on in 10 days.  Experience indicates this works to fill the area. 
 
Middle Swan Lake – 30,000 GPM Pump Station 
 
Middle Swan Lake has a concrete pump station with four operational gates.  The station set-up 
allows for reversible flow.  To reverse flow two gates, on a diagonal from each other, are opened 
and the other two closed.   
 
Pros: 

1. Intuitive gate design to reverse flow  
2. Gates can be open to allow gravity flow.  Neil does this yearly to remove sediment from 

the pipes. 
3. Allows for a single set of intake and outflow areas.  This is beneficial when these areas 

are difficult to access or must be created / modified. 
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Cons: 
1. The intake and outflow areas are set back from the water sources.  This setback reduces 

flow, increasing sedimentation. 
2. More expensive and decreased pump longevity compared to a two pump set-up. 

 
Godar – 30,000 GPM Hydraulic Pump 
 
This hydraulic pump takes 200 gallons of hydraulic fluid.  The pump can be reversed by 
reversing the hoses. 
 
Pros: 

1. The pump is easily portable and can be moved between locations. 
Cons: 

1. The pump and accessories are extremely expensive and require considerable labor to 
maintain.  The hoses last approximately 2 years and cost $3,500 to replace.   

2. When sun hits the pump during summer the hydraulic fluid expands and breaks seals and 
leaks. 

3. Water can get into the oil.  Neil puts molybdenum stabilizer in the oil to get the water out. 
 
Stump Lake – 32,000 GPM 36” Pump 
 
This pump was built in 1976 and completely rehabbed several years ago for $25,000.  The 
pumps horizontal discharge pipe is underground.  Because of the size of the pump the 
manufacture recommends a right angle gear drive and 2 belts to drive the pump.  The intake area 
was excavated to 22 ft when the pump was built and by the following year it was 12 ft deep.   
Pros: 

1. Self-aligning bearings that expand with heat. 
2. Best design for cost and reliability 
3. The manufacturer has overhauled the pump to like new condition for approximately 

$25,000. 
4. The pump can create its own sump for the intake area.  Neil raises and lowers the pump 

and the suction around the bell on the end of the intake pipe digs out a hole. 
Cons: 

1. Intake and outtake ditch leads to sedimentation.  The pump could sit right on the river.   
Increased flows would allow for placement of hard points that would scour the intake 
area.  

2. I-beams, legs, and bolts are below the water requiring dewatering for maintenance.  Need 
to design these structures above water for easy maintenance. 

3. Discharge pipe is horizontal.  It should be tilted to prevent sediment accumulation. 
4. The discharge pipe opening is below the water management level allowing water to 

backflood the pipe without a screw gate.  Flap gates do not prevent back flow; screw 
gates are currently being used but they are difficult to use. 

5. Due to vibration, the gear drives wear out after 5,000 hrs.  Torsional dampers reduce 
wear and increase the life of the gear drives.  The bronze sleeves in the dampers wear out 
first and must be machined – this costs under $50.   

Safety: 
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1. The pump air valve needs to be open during summer to prevent excess heat load.  During 
winter, the pump is filled full of oil and the air valve closed.  Annual spring maintenance 
involves draining this oil and refilling the pump to operational levels.  If the pump will 
remain above water the air valve should be opened but must be closed before the pump 
submerges in flood water.  A roof could help reduce pump heat load. 

2. Bollards could be installed around the fence to protect the fence from flood debris.  Neil 
prefers a portable fence (removable panels with permanent support beams) that could be 
easily installed and removed.  Thus, the fence could be taken down during the off season. 

 
Stump Lake – 42” Corrugated Metal Pipe 
At the south end of Stump Lake, there are three 42” corrugated metal pipe gravity drains with 
sluice gates.  These pipes drain two times the amount of water that a 30” pipe would drain.  The 
entire structure was installed in 1996 and drains 1,100 surface acres.  The gravity drains are 
installed into a concrete pad and anchored with the pipes underground. 
 
Pros: 

1. Sluice gates with hydraulic actuators are highly adjustable to variable opening width (1/4, 
1/2, ¾, full). 

2. These large drainage structures allow for quick drainage of the area. 
 
Note on Fish Friendly Structures 
Gravity draining water through a stop log structure allows fish to move through.  Neil tries to 
gravity drain an area as much as possible to allow fish to move out.  Anecdotal information 
suggests native species will move toward deeper areas as the water level drops while non-natives 
are often stranded.  Neil also believes that small fish will travel through Cristofoli pumps and 
pipes; larger fish cannot.
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Ted Shanks WHAG/AHAG Existing Conditions Site Meeting 
August 15, 2007 

 
Attendees:  T. Miller, Amanda Oliver, Mike Flaspohler, Travis Moore 
 
Horseshoe Unit Habitat 
Lower portion – heavy shrub/scrub 350 - 400 acres 
Upper portion – open herbaceous moist soil type unit 
No grassland wetlands  
Bottomland hardwoods interspersed throughout the upper units 
 
Lakes in the NW and NE areas are similar enough to evaluate current conditions as one area.  
Once the area is divided we will need to separate out sites.  T. thought Mallard and Wood Duck 
would be good species for the WHAG because they will be affected by the project.  Beavers and 
muskrat may also be affected.  Prothonotary will not fair much different with or without the 
project and their matrix is similar to Wood Duck.  Northern Parula may be affected by the 
project.   
 
All aquatic areas are currently connected so fish analysis can be done for just one site.  The 
proposed project will separate the areas and allow for separate management.  Most of the 
terrestrial area is non-forested wetland, there are minor areas of bottomland forest along the 
levees and interspersed in the northern portion of the unit.  Tree planting is proposed for the NE 
unit so it may change from non-forested wetland to bottomland hardwood. 
 
 
Wildlife Habitat Appraisal Guide – Wetlands – Cropland 
FSA classified cropland in the NE unit is about 30 acres and these areas are planted in corn and 
beans.  Throughout the Horseshoe Unit there are ~ 300 acres of food plots (millet, corn, wheat, 
beans, milo).  These should be reflected in the analyses.  All cropland will be evaluated as a 
whole.  There is a lot of pigweed in the food plots during idle years. 
 

3. Bottomland hardwoods occur as scattered stands.  Nose Slough is within a 2 mile circle 
so hardwoods there would be included. 

6. 500 – 550 acres in the unit are permanent water.  In Fall-Winter those areas, ~ 25%, 
exceed 4 – 18” of water.  Any cropland in the unit is targeted to be flooded within the 4 – 
18” water level. 

29. The food plots have no fall till on non-winter wheat areas and no harvest.  The permittee 
harvests the 30 acres of crop land.  There is a fair amount of winter wheat planted on the 
area; in the fall there is more winter wheat than anything else. 

32. The requirement that trees be less than 50 ft apart eliminates a lot of the tree stands.  
Most of stands that meet this requirement would be on the other side of the levee. 

48. Unit is ridge and scour oriented. 
51. No areas that would be considered grassland especially with a height of 6”. 
53.  Water bodies over 100 acres would be the Salt or Mississippi; none of the lakes are this 

large. 
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54.  Geese over winter at Ted Shanks but not in any concentration.  Geese may also over 
winter on areas on the Illinois side. 

 
 
Wildlife Habitat Appraisal Guide – Wetlands – NonForest 
One site for the entire area. 
 

5. With a fall flood, Ted Shanks will pick up seep water.  Fall floods occur 10% of the 
years. 

6. Water depth of non-forested wetlands is going to change.  It ranges from dry this year, 
2007, up to 18”.  575 acres of permanent water including ponds, ditches and sloughs 
while 1,000 acres will be in the 4 – 18” range, and 500 acres will be dry. 

7. In May, Ted Shanks will be holding a fair amount of water.  The 575 acres of permanent 
water will be well above 4”. 

8. Currently this year, the area is about dry.  Even lakes have dried down considerably.  
However, this is a dry year.  Under the proposed plan to hold Horseshoe NW Unit water 
higher in the spring, there will be more water in the fall to better accommodate 
shorebirds. 

9. On a yearly basis, the 575 acres of permanent water dry down considerably in fall.  This 
will probably change with the project and water levels will not decrease as much.  So we 
estimated low so that the difference between pre and post project will be greater.   

10. Emergent vegetation – smartweeds, sedges, cattails, lotus, arrowhead, bullrush.  
Including smartweeds make this estimate larger than it would be without. 

11. Willows and button bush are included as woody invasion.  These species are fairly 
abundant in the southern area.  There abundance will decrease with the project. 

12. Emergent vegetation –smartweeds, sedges, cattails, lotus, arrowhead, bullrush.  
Percentage is between 4 & 5.  The percentage will increase with management so we 
estimated low to show more pre/post difference. 

13. There is very little cattail and bullrush on the area.  There are few arrowheads and small 
pockets of burread.  More burread then cattails or river bullrush.  The water dry down 
may be enough to prevent cattail and bullrush establishment. 

15. The whole unit is classified as wetlands.  Thus the wetland edge is the edge of the unit.  
The bottomland hardwoods are on the other side of the levee.  We did not include the 
levee as part of the unit. 

17. The heavy infestation of reed canary grass is preventing food plants from establishing.  
The amount of food plants will increase with the project. 

19. Lump together cattail, bullrush, buttonbush, and willow. 
21. Open water is minimal ~ 550 – 575 acres when everything is full.  There is very little 

canopy coverage on the open water.  
22. There is a fair amount of the area that is going to be deep.  When the unit is broken up it 

will be managed and water levels will go down.   
24. There is sand in the spoil piles from 3-mile ditch and the base of the salt pits are a sand clay 
mixture.  The levee was probably built in the early 1900s at about the same time as 3-mile ditch 
which was built in the early 1900s. 
26.  In May – June about 1/3 of the area is still covered in water.  The portions not covered in 
water have some vegetation but are not entirely covered. 
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50.  Most of the current cropland is there to manage reed canary grass.  With the project, there 
will be the opportunity to get water onto the cropland.  The number of acres of cropland will not 
change. 
54.  Delair Clarence Cannon NWR is on the Illinois side about 10 miles away but is not 
considered a goose concentration area.  Delair over winters 5,000 geese at most, this is not a 
significant number in WHAG terms.  Ted Shanks gets birds coming from that direction. 
 
Wildlife Habitat Appraisal Guide – Wetlands - Bottomland Hardwoods 
There are few areas with significant acres of bottomland hardwoods within Horseshoe Unit.  The 
best stand is in Nose Slough outside of the project area.  Other stands near Renniking and 
Horseshoe Lake were will be outside the proposed new management units do to the new levee 
realignment.  The area of trees south of Nose Slough does not have good hardwoods.  Nose 
Slough’s hardwoods will be affected by the project because the water control structures that 
allow water to drain from the area are proposed to be replaced.  Thus the project will impact the 
bottomland hardwoods in Nose Slough.   
 
Habitat units from Nose Slough will add-on to what we have for the project area. 
 
3.  Because of the location of the bottomland hardwoods, there are areas of cropland across the 
river and at Ted Shanks within 2 miles that are not flooded. 
4.  At present the area is flooded in the fall, but it is not necessarily flooded up into the 
hardwoods.  Most years in the fall the hardwood forest soil is moist.  This will not change with 
the proposed project. 
6.  Water depth in the woods can be brought up above 4 – 18” but to preserve the trees water is 
held at 4” or less. 
14.  All of Nose Slough is considered wetland and it is about 800 acres. 
15.  The outer edge of the timber is adjacent to the levee.  About 1/3 is adjacent to a wetland 
boundary. 
16.  There is a good amount of pin oaks in the timber. 
28.  The Salt River is unpredictable and highly fluctuating so we used Nose Slough which is 
bank full once per year on average.   
35.  All the species listed are within the forest but there is a high concentration of pin oaks along 
the entire exterior edge. Towards the interior there are more elm, ash, willow and other trees.    
36.  There is no permanent water on the forest floor but there are a few sloughs and potholes that 
hold permanent water with woods surrounding them. 
37.  Forest openings completely enclosed by timber are generally large areas of tree die off from 
the flood. 
38.  There are scattered white oak, burr oak, and pecan that are saw timber size but the majority 
is pole size. 
41.  There is very little under story in the forest.  There are some Hawthorns that are beginning to 
establish. 
44.  Most of the snags from the 1993 flood have begun to fall; though some remain. 
 
Suitability Index for Aquatic Habitat Appraisal Guide 
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Temperature, DO, turbidity, bottom rip rap, and sediment are not likely to change with the 
project.  We may need to justify this verbally because the impacts are not going to be apparent in 
the matrix.  Channel maintenance and other funding may be used to modify Deadman’s Slough. 
 
We’ll do one site with an evaluation for each season and then average those scores.  Of the 
species listed Smallmouth Buffalo, Flathead Catfish, and Largemouth Bass are the three species 
most abundant at Ted Shanks. 
 
Horseshoe Lake’s surface area does not vary greatly under current management.  With the 
proposed management unit, the new regime will flood 450 acres, the lake currently occupies 75 
acres, so floodable acres will increase by 250 acres.  An increase in surface area, will allow for 
significant benefits to spawning.  Connectivity will also improve with increased water 
management capability. 
 
1.  Water temperatures for spawning are based off of Fishes of Missouri.  Flathead and 
Smallmouth will be in the same range for spawning even though they spawn a bit later than 
Largemouth.  Juvenile/adults are probably 8” fish so the average temperature during that phase 
will be 25 – 30 although max is above 30.  Most years, water is surface frozen till mid-February 
so water temp in winter will be 4 – 10. 
2.  Measurement in turbidity units taken with turbidometer not a secchi disc.  Horseshoe Lake 
turbidity is moderate.  In terms of secchi disc, turbidity is: winter (~24”), spring (~15-18”), 
summer and fall (~ < 12”). 
3.  Dissolved oxygen in the summer in Horseshoe Lake can get low in late summer.  In most 
years, fish do not die or pipe in Horseshoe Lake.  In other lakes and ditches, there is piping and 
die offs. 
4.  Assume that conductivity at Ted Shanks is similar to the Mississippi River.  Mile 100 data 
were used to determine Ted Shanks winter conductivity. 
7.  The drop from May to June is approximately 1.5 ft.  In May, Horseshoe Lake is at 
approximately 451 – 451.5 and by mid-June it drops to 450.  Flatheads spawn and incubate later 
(June – July), and there is no water level fluctuation at this time. 
9.  When the river is at flat pool, Horseshoe Lake reaches depths of 7 – 8 ft.  But on the inside of 
the bend the lake is very shallow.  Water depth is brought up in winter.  This will change with 
the project’s proposed deep holes. 
10.  There is no vegetation in the lake.  Lotus will not even grow. 
11.  This will change with the project. 
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Ted Shanks Environmental Restoration Project 
Meeting With MDC 

15 October 2007 
Minutes of Meeting 

 
Attendees: Corps of Engineers, Missouri Department of Conservation, US Fish and Wildlife 
Service.  See attached sheet. 
 
The main purpose for the meeting was to show MDC what had been accomplished since the 
meeting in May 2007 and to get MDC feedback. 
 
The Power Point Slide presentation used at the meeting is available on the Corps file server in 
the projects on 'mvsfiles'\Ted Shanks\Meetings\15October2007MeetWithMDC folder. 
 
Topics Discussed: 
 
General Topics -  

• Brian Markert started the meeting and presented on the general goals of the EMP project.   
• He stated that we are in the planning stage for Ted Shanks and that the work to be 

presented was conceptual and we needed comments to fine tune the design.  
• An incremental benefit-cost analysis will determine the recommended plan.   
• Benefits will be optimized.   
• If however, the local sponsor prefers something more than the recommended plan, it is 

possible to construct the sponsor's preferred plan but the sponsor will be responsible for 
paying the incremental difference in cost. 

 
Mickey Heitmeyer & Frank Nelson -  

• Mickey presented a status report on his contract work.   
• See his presentation in the above mentioned meeting folder or by request to Brian Kleber 

brian.k.kleber@usace.army.mil 
• Frank presented maps of water depth at various internal pool elevations and elevations of 

remaining tree stands.  He also discussed the formation of the geomorphic features in Ted 
Shanks. 

 
Structural -  

• Brian Kleber gave a brief presentation on the general basis for work to date and the 
structural concepts for fish friendly and non-fish friendly structures in particular.   

• It was noted that based on the hydraulic analysis requiring multiple 6 ft x 8 ft openings 
that the existing 42" diameter drainage structure was woefully undersized to drain the 
area in 10 days as currently proposed.  

• Non-fish friendly grate size was discussed and the group determined that vertical bars 2” 
apart would be acceptable. 

 
Mechanical -  

• Janice Hitchcock presented concepts for both diesel and electric pump stations.   
• A total of 60,000 gpm is needed to meet the filling requirements.   
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• Two 30,000 gpm pumps were recommended.   
• This concept was accepted.   
• All diesel pumps would be belt driven.  A diesel pump station would allow the diesel 

engines to be removed when high water is expected.   
• An electrical pump station would need to be constructed above the maximum expected 

river elevation since the electric sluice gate hoist motors and the pump motor controllers 
cannot be removed.  

Electrical -  
• Brandon Lewis presented a proposed alignment for bringing electric service to the area.   
• The proposed overhead line drew some negative comments due to potential conflicts with 

flying waterfowl and required power company access and maintenance.  
• However, the MDC was still interested in electric pumps because the operating cost 

appears lower than diesel. 
• Electrical cost estimates will need to include: easements and mitigation.  
• There was considerable discussion about bringing in the electric service from the 

southern end of the project and running the electrical lines underground along the levee. 
• There was also discussion of moving the pump station to the southern end of the project 

area to decrease the distance that electrical lines would need to be run through the area.  
The group also discussed the potential to have two pump stations. 

 
Levees -  

• Jim Mills spoke in general on the proposed levees and internal berms.   
• The Corps had proposed 1 vertical on 3 horizontal sideslopes for all earthen structures.   
• MDC would prefer 1v:4h or 1v:5h sideslopes for maintenance purposes on the interior 

berms.   
• Exterior levee elevations would be raised in the areas of the proposed pump station and 

the new water control structures to prevent overtopping at these structures. 
• The group has yet to determine where borrow material for the proposed levees will come 

from. 
• MDC suggested lowering the top elevation of internal berms to 455.5 to reduce borrow 

requirements 
• MDC would like any portion of the berm along 3-mile ditch that impedes flow through 

historic paths removed. 
• The group discussed and determined that existing levees external to the proposed 

setbacks along the Salt River should be degraded except for the northern most portion of 
the first setback area. 

 
Tree Planting -  

• Amanda Oliver presented areas where the existing elevations are high enough that hard 
mast tree planting could be successful.   

• There are 164.5 acres above Elev 453 but all are not suitable due to either size or 
presence of existing trees. 

• Mickey Heitmeyer suggested the possibility of additional non-hard mast tree planting at 
lower elevations.  Suitable areas will be discussed in his report. 
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Existing Conditions -  
• T. Miller handed out a draft of the existing conditions determination.  Electronic copies 

are available upon request:  Thixton.B.Miller@hdrinc.com 
 
Hydraulic Considerations -  

• Ray Kopsky presented how he performed the hydraulic analysis based on the MDC water 
control plan.   

• His initial analysis assumed that the area was filled to the top of the interior berms and 
that the Mississippi River did not affect drainage.   

• Later runs showed that interior drainage was controlled by how quickly the Mississippi 
River receded.  Additional drainage openings had little to no effect on how quickly the 
interior could be drained. 

 
Slough Opening -  

• Mike Rodgers presented his concepts for Dead Man's Slough, Reiniking Slough, and 
Three Mile Ditch.   

• Heitmeyer and MDC were interested in riffles in Dead Man's Slough but were not 
interested in this concept for Three Mile Ditch.   

• For Deadman’s Slough the consensus was to dredge the Mississippi end of the slough, 
place rock riffles in the entire channel, and move the Mississippi connection to below the 
existing wier.   

• For Reiniking Slough, dredging the southern sediment plug  and or placing a weir at the 
mouth were discussed.  

 
MDC comments 

• MDC strongly supports the Ted Shanks Project. 
• MDC is interested in options that reduce the O&M costs. 
• MDC would like to see the project proceed as quickly as possible to the construction 

stage. 
 
Future work/schedule -  

• The plan is to have a recommended plan by the end of September 2008.   
• The schedule was delayed so that the Heitmeyer Report could be completed (Spring 

2008) and its recommendations incorporated into the recommended plan. 
 
 
Corps team direction will be determined based on a meeting scheduled in the St. Louis 
District Office with the full team on 22 October. 

DRAFT

A-31



 

DRAFT

A-32



Minutes of Meeting 
Monday, 7 April 2008 

 
Subject:  Ted Shanks Incremental Analysis of Alternatives 
 
Attendees:  See Attached List 
 
Topics Discussed: 
Mickey Heitmeyer presented a synopsis of his report. 
 
Amanda Oliver presented handouts on the basis for calculating Habitat evaluation acreage for 
Existing and future with and without. 
 
Dave Kelly presented best buy plans from the incremental analysis of 160+ alternative plans. 
 
While the incremental costs vs the incremental habitat unit output for plans 12 and 13 were high, 
it was explained that these are aquatic habitat units and the cost per unit was reasonable for fish.  
It was believed that plan 13, which includes prior plans, could be justified. 
 
Additional tweaking needs to be done on all alternatives and benefits when funds next become 
available. 
 
MDC would like to see electric pump stations. 
It was explained that both electric and diesel pump stations have the same benefits.  Due to the 
significantly higher upfront costs for electric, that option will always fall out of the best buy 
plans. 
Brian Markert pointed out that if the state was to bring 3 phase power to the site at 100% their 
cost, that the electric pump station may be possible. 
 
Brian Markert also explained that funding was insufficient to continue working on Ted Shanks 
this fiscal year.  All work will stop after the current meeting and will not start again until funds 
become available.  This could be in the summer or fall of CY 2008.
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Ted Shanks Conservation Area 
September 29, 2009 

 
Attendees:   
T. Miller – HDR Inc.  
Amanda Oliver – Corps of Engineers 
Brandon Schneider – Corps of Engineers 
Matt Mangan – Fish and Wildlife Service 
Mike Flaspohler – Missouri Department of Conservation 
Travis Moore – Missouri Department of Conservation 
 
Purpose:  Discuss habitat benefits analysis and incremental cost analysis  
 
Questions:   

1. Can the central three water control structures be merged into one? 
2. Are the center structures pile founded? 
3. Can MDC accept the additional risk if the structures are pile founded and removing the 

pile would make them cost effective? 
4. What is the cost to run electric line from Ashburn to the Ted Shanks office? 
5. Is the difference in cost between the electric and mechanical alternatives the cost that 

MDC would have to pay? 
 
Issues:  The creation of three management units has the highest cost benefit ratio of any 
alternative.  The majority of the cost for this alternative comes from the central three water 
control.  Therefore, discussion focused on how to lower the cost of these water control structures.  
We determined that eliminating a structure while maintaining all three units was not a viable 
alternative because it would impair water control.  Two potential solutions were to make one 
water control structure with three to four main gates at the site of the three structures.  A second 
solution was to place three gates in the pump station.  These gates would allow flooding of HNE 
and HS.  There would then be a single structure going from the pump station ditch to HNW.  If 
creating three management units remains infeasible, then a N and S unit is currently the preferred 
alternative.  MDC must be consulted to confirm this. 
 
The second issue was the reduction in size of the water control structures in the external levee.  
According to the analysis done by Ray Kopsky, this reduction in size would increase drain time 
by 2 – 4 days for each of the proposed units.  From this information, the team determined that 
this would reduce the habitat units by 15% for each unit. 
 
The cost of the nose slough water control structures is currently included with the cost of the 
external water control structures.  These can be stand alone alternatives.  If the Nose Slough 
structures are removed from the Water Drainage alternative, then one half of the habitat units 
should go to this alternative. 
 
Additional Information:  In 1993, anecdotal evidence suggests that 10 days made the difference 
between survivorship and mortality.  Trees in areas that drained 10 days earlier survived while 
ones that drained 10 days later died.   
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Improving the site drainage is the most important component of this project.  Currently, meeting 
target water levels in the northwest result in water levels exceeding target levels in the south 
portion of Horseshoe Unit.  Flooding the Horseshoe Unit to target levels requires one dedicated 
pump for almost the entire season.   
 
With the proposed project plan, the berm along three mile ditch would open up a road and 
provide access to an area that can currently only be accessed by foot.    
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       United States Department of the Interior 
 
                          FISH AND WILDLIFE SERVICE 
                                    Marion Illinois Suboffice (ES) 

                                                                                 8588 Route 148 
                                                                               Marion, IL 62959 
                                                                                 (618) 997-3344 
 

August 10, 2010 
 
 
Colonel Thomas E. O’Hara, Jr. 
U.S. Army Corps of Engineers 
St. Louis District 
1222 Spruce Street 
St. Louis, Missouri 63103-2833 
 
Attn: Mrs. Amanda Oliver, CEMVS-PM-E 
 
Dear Colonel O’Hara: 
 
This letter constitutes our Draft Fish and Wildlife Coordination Act Report (Report) for the Ted 
Shanks Habitat Rehabilitation and Enhancement Project (HREP) located in Pike County, 
Missouri.  This report is intended to provide partial compliance with Subsection 2(b) of the Fish 
and Wildlife Coordination Act, (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.); Section 7 of 
the Endangered Species Act of 1973, as amended; and, the National Environmental Policy Act. 
This Report has been reviewed by the Missouri Department of Conservation and their 
concurrence is noted.  
 
The Ted Shanks HREP is a component of the Upper Mississippi River System Environmental 
Management Program (EMP) authorized by Section 1103 of the Water Resources Development 
Act (WRDA) of 1986.  The goal of EMP is to implement “numerous enhancement efforts...to 
preserve, protect, and restore habitat that is deteriorating due to natural and man-induced 
activities.”  The Ted Shanks project addresses habitat rehabilitation and enhancement at Ted 
Shanks Conservation Area (TSCA).  TSCA is located in Pool 24 between Upper Mississippi 
River Miles 284.5 and 288.5 and contains approximately 6,700 acres of river bottomlands.  
TSCA includes both U.S. Army Corps of Engineers (Corps) General Plan lands and Missouri 
Department of Conservation (MDC) owned lands.  The portion of TSCA included in this EMP 
project is the Corps lands (2,900 acres) located at the southern end of the TSCA.  The Corps 
property is managed by the Missouri Department of Conservation (MDC) through a cooperative 
agreement between MDC, the Corps, and U.S. Fish and Wildlife Service (Service).    
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RESOURCE PROBLEMS AND OPPORTUNITIES 
 
Prior to major Mississippi River flooding in 1993 and 1995, the TSCA included approximately 
3,283 acres of bottomland hardwood forest, 1,742 acres of marsh, 670 acres of agricultural land, 
670 acres of oxbow lakes and sloughs and 335 acres of old fields.  The majority of the 
bottomland hardwood forest was located on the Corps owned lands in the southern portion of the 
conservation area.  The 1993 and 1995 floods severely degraded the bottomland hardwood 
forest, wetland, and aquatic habitats within the project area and converted a large portion of the 
forested area inside the levees to marshlands and wet meadows invaded with reed canary grass.  
Other factors contributing to the loss of bottomland hardwood forest habitat include an increased 
water table from the construction of Lock and Dam 24 and the inability to properly drain the area 
inside the levees during and following flooding.  The degraded state of the project area, however, 
provides a significant opportunity to rehabilitate and enhance forested, wetland, and aquatic 
habitats for the benefit of migratory birds, fish and other wildlife resources.  
 
The primary problems to be addressed by this project include: hydrologic changes associated 
with the deterioration of exterior levees and elevated ground water levels, habitat loss caused by 
the invasion of reed canary grass, the loss of bottomland hardwoods and their associated lack of 
regeneration, loss of wetland diversity, lack of aquatic habitat diversity, colonization of area 
lakes by non-native invasive fish, and flood-induced sedimentation. 
 
GOALS AND OBJECTIVES 
 
The goal of this project is to rehabilitate and enhance the quality and diversity of wetland habitat 
in the project area to benefit primarily migratory birds and secondarily other wetland species.  To 
achieve this goal a planning team of biologists from the Corps (St. Louis and Rock Island 
Districts), MDC, and Service developed the objectives for the project.  The objectives include 
the following: 
 

• Improve water level management 
• Increase quantity and quality of bottomland and floodplain forest 
• Improve aquatic habitat 

 
Although the Ted Shanks HREP is a component of the Upper Mississippi River System 
Environmental Management Program (EMP), the project also fits well into the higher order goals 
established for the Upper Mississippi River System Navigation and Ecosystem Sustainability 
Program (NESP).  These goals, provided to the Corps by the Environmental Science Panel, are 
as follows (Lubinski and Barko 2003). 
 

First Tier Goal (Sustainability Goal): 
 

“The balance of economic, environmental, and social conditions so as to meet the current and 
future needs of the Upper Mississippi River System without compromising the ability of 
future generations to meet their needs.” 
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Second Tier Goals: 
 
1. Maintain viable populations of native species in situ. 
2. Represent all native ecosystems types across their natural range of variation. 
3.   Restore and maintain evolutionary and ecological processes (e.g., disturbance regimes,   

 hydrologic regime, nutrient cycles, etc.). 
4. Integrate human uses and occupancy within these constraints. 

 
In addition to the development of higher order goals for the Upper Mississippi River System, the 
Science Panel worked initially to condense over 2,600 ecosystem objectives into 81 objectives 
(Lubinski and Barko 2003).  These 81 objectives have been further refined, deleted, and 
combined into more practical and quantifiable objectives by the Science Panel Goals and 
Objectives Team (Barko et al. 2006).   
 
Since 2006, the Science Panel has further worked to develop system-wide Goals and Objectives 
for the UMRS.  In Galat et al. (2007), the Science Panel proposed the following ecosystem-wide 
goal: 
 

“to conserve, restore, and maintain the ecological structure and function of the Upper 
Mississippi River System to achieve the vision of the Navigation and Ecosystem 
Sustainability Program.” 

 
Further, the science panel proposed the five system wide objectives framed within essential 
ecosystem characteristics discussed in Galat et al. (2007).  They include management for: 
 

1. a more natural hydrologic regime (hydrology and hydraulics) 
2. processes that shape a diverse and dynamic river channel (geomorphology) 
3. processes that input, transport, assimilate, and output materials within UMR basin river-

floodplains: water quality, sediments, and nutrients (biogeochemistry) 
4. a diverse and dynamic pattern of habitats to support native biota (habitat) 
5.   viable populations of native species and diverse plant and animal communities (biota) 

 
The Ted Shanks HREP Project fits well into the higher order ecosystem-wide goals and 
objectives developed by the Science Panel and further the project will meet the following 
specific objectives identified in Barko et al. (2006): 
  

• Objective 2.7: Increase the extent and number of rock and gravel riffles and substrate 
 areas 
• Objective 2.10: Modify exchange between channels and floodplain areas 
• Objective 2.11: Modify exchange between channels and floodplain areas  
• Objective 4.3: Modify the extent, patch size and successional variety of plant 
 communities 
• Objective 4.5: Modify the extent, abundance, and diversity of emergent aquatic plants 
• Objective 4.7: Modify backwaters to provide suitable habitat for fishes 
• Objective 4.8: Modify channels to provide suitable habitat for fishes  
• Objective 5.1: Maintain viable populations of native species throughout their range in the  
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UMRS at levels of abundance in keeping with their biotic potential 
• Objective 5.2: Maintain the diversity and extent of native communities throughout their  

range in the UMRS 
• Objective 5.3: Reduce the adverse effects of invasive species on native biota 

 
PROPOSED PROJECT FEATURES 
 
To achieve the project objectives, a number of project plans/features were evaluated.  The 
recommended plan (alternative 14) consists of the following: 
 

• setting back the levee in two locations and degrading portions of the existing levees to 
minimize flooding impacts on forested habitat and to provide fish access to additional 
floodplain habitat; 

• constructing four berms and three water control structures to create three independent 
management units (Horseshoe Northwest, Horseshoe Northeast, and Horseshoe South);   

• installing a new diesel pump station and constructing a new ditch to provide water 
delivery to the three new management units;        

• constructing two new and replacing one existing water control structure in the exterior 
levee, replacing two small existing water control structures at Nose Slough, and removal 
of material from interior slough paths to provide drainage for the entire Ted Shanks 
Project area and allow for back flooding of the project area;  

• planting of hard mast and floodplain forest trees in the Horseshoe Northeast and 
Northwest Units and planting of floodplain forest trees in the Horseshoe South Unit to 
restore forests that historically existed at Ted Shanks; and, 

• dredging of Deadman’s Slough mouth and construction of rock riffle and hardpoint 
structures to improve water flow through the slough, create aquatic habitat diversity, and 
maintain the channel. 

 
METHODOLOGY TO EVALUATE ALTERNATIVES 
 
The Ted Shanks HREP was analyzed using the Wildlife Habitat Appraisal Guide (WHAG) and 
the Aquatic Habitat Appraisal Guide (AHAG).  The target species for the WHAG included 
mallard, wood duck, least bittern, and prothonotary warbler.  The target species for the AHAG 
included the flathead catfish, smallmouth buffalo, largemouth bass, and white bass.  Existing 
conditions, future without project conditions and future with project conditions were examined.  
This analysis was conducted with team members representing the Corps, MDC, Service and 
HDR, Inc., the contractor assisting with preparation of the Definite Project Report and 
Environmental Assessment. 
 
The evaluation models utilized produced a rating of habitat quality for each respective habitat 
type.  This rating is referred to as a Habitat Suitability Index (HSI).  The HSI, a value ranging 
from 0.1 to 1.0, measures the existing and future habitat conditions compared to optimum habitat 
which is 1.0.  This value, when multiplied by the available habitat within the project area, will 
provide a measure of available habitat quality and quantity known as habitat units (HUs).  
Average annual habitat units (AAHUs) for each species are typically calculated to reflect 
expected habitat conditions over a 50-year project life.    
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The WHAG model includes limiting factors in each matrix.  Absence of critical life requisites for 
a particular species makes the habitat unsuitable and results in an HSI value of zero regardless of 
other habitat characteristic scores.  The AHAG model did not include limiting factors. 
 
EXISTING, FUTURE WITHOUT, AND FUTURE WITH PROJECT CONDITIONS 
 
A number of general and site specific assumptions were made about what the project area and 
vicinity would be like 50 years in the future with and without the project and can be found in 
Appendix B of this report.  
 
Terrestrial Species 
 
The overall habitat suitability for the four target terrestrial species varies across the different 
habitat types of the preferred alternative (Table 1).  In the setback areas the overall HSI scores 
for the wood duck and prothonotary warbler with the project improved over the existing 
condition while the score for the mallard declined and was less than the future without project.  
Habitat quality for the wood duck and warbler improved because the additions of the setbacks 
will allow the current forest habitat to be maintained and become mature bottomland hardwood 
forest over the life of the project.  Without the project it was assumed that bottomland hardwood 
forest below 453.5 would die by year 25.  The primary factor causing the decline in HSI score 
for the mallard is that with the setbacks the ability to manage the fall-winter water conditions is 
lost, resulting in a limiting factor value and an HSI score of zero.  The overall score of zero does 
not adequately represent the actual conditions that will be available to the mallard, nor does it 
present a good picture of the value of the proposed project feature.  In years that these habitats 
flood in the fall and winter, the acorns produced by the bottomland hardwoods will provide a 
valuable food source for the mallard and many other waterfowl species; whereas, without the 
project this valuable food source will be lost.  Therefore, much of this habitat is suitable and will 
be an important component of the overall project.  The HSI scores for the beaver and northern 
parula improved similar to the wood duck and prothonotary warbler while the score for the 
green-backed heron declined slightly. 
 
In the Nose Slough and Horseshoe NW, NE, and S bottomland hardwood areas and in the 
Horseshoe NW, NE, and S planted forest areas the overall HSI scores for all the species analyzed 
improved with the project over the existing condition and almost all were greater than the future 
without project scores.  Habitat quality for the mallard improved with the project due to 
increased abundance of wetland habitat, improved ability to manage water conditions in the 
fall/winter, increased coverage of important food plants, and improved availability of croplands. 
Without the project it was assumed that the water control structures would fail after 25 years and 
this resulted in a limiting factor value for fall-winter water conditions and the HSI score of zero 
for the mallard. Habitat quality for the wood duck, beaver, northern parula, and prothonotary 
warbler improved with the project due to increased abundance of bottomland hardwoods and 
changes within the forest stand that benefited each of the species.  Habitat quality for the green-
backed heron improved with the increased wetland size and edge habitat created by the project.        
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In the Nose Slough and Horseshoe NW, NE, and S nonforest areas the overall HSI scores for the 
mallard and least bittern improved with the project over the existing condition and were greater 
than the future without project scores.  Habitat quality for the mallard improved with the project 
due to improved ability to manage water conditions in the fall-winter, increased availability and 
coverage of important food plants, and improved availability of bottomland hardwoods and 
croplands. Without the project it was assumed that the water control structures would fail after 
25 years and this resulted in a limiting factor value for fall winter water conditions and the HSI 
score of zero for the mallard.  Habitat quality for the least bittern improved with the project due 
to improved water conditions in the fall and increased emergent vegetation.  Without the project 
the lack of emergent vegetation coverage after 25 years resulted in a limiting factor value and 
HSI score of zero for the least bittern.  HSI scores for the Canada goose, muskrat, king rail, and 
green-backed heron also improved with the project and were greater than the future without 
project scores.  Habitat quality for the Canada goose improved similar to the mallard and habitat 
quality for the other species improved primarily due to the ability to manage for water in the 4-
18 inch range by August.   
 
There were two species that would not benefit from the project changes in the nonforest areas.  
The American coot would not benefit because under the current conditions and with the project 
the lack of cattail and bulrush coverage results in a limiting factor and an HSI score of zero.  The 
lesser yellowlegs would not benefit due to the increased emergent vegetation coverage and the 
lack of exposed substrate.  The lack of benefits for these two species is acceptable as the habitat 
suitability for the lesser yellowlegs will remain essentially unchanged with the project and the 
area is unsuitable for the American coot under existing conditions.     
 
In the Nose Slough and Horseshoe NW, NE, and S cropland units the overall HSI scores for the 
mallard improved with the project slightly or remained the same over the existing condition due 
primarily to the improved ability to manage water levels into the future.  Without the project it 
was assumed that the water control structures would fail after 25 years and this resulted in a 
limiting factor value for fall-winter water conditions and the HSI score of zero for the mallard.  
The other species analyzed for the cropland units was the Canada Goose and the overall HSI 
scores remained unchanged with the project over the existing condition and dropped to zero 
without the project.           
 
Aquatic Species 
 
Habitat suitability for the aquatic species improved with the project over existing conditions, 
while without the project the habitat suitability declined or remained unchanged (Table 3).  The 
inclusion of the MDC Setbacks improved the overall HSI score for the smallmouth buffalo from 
an existing score of zero to 0.83 with project.  The major change associated with this project 
feature is that the setbacks would allow access for spawning and rearing in areas that were 
previously inaccessible under the current conditions.  The creation of the Horseshoe NW unit 
improved the overall HSI score for all three evaluation species (smallmouth buffalo, flathead 
catfish, and largemouth bass).  The creation of this unit will allow site managers to control water 
levels in Horseshoe Lake for game fish and lead to improved water temperatures, water depths, 
and dissolved oxygen levels throughout the year.  The addition of the Deadman’s Slough 
features improved the overall HSI score for the white bass (the evaluation species) from an 
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existing 0.64 to 0.84 with project.  The addition of these features would improve water 
temperatures during the spawning and rearing time periods, improve dissolved oxygen levels 
during the juvenile/adult overwinter period, improve depth diversity for all seasons, and provide 
substrate for spawning.   
 
Summary 
 
The WHAG and AHAG analysis indicates that the preferred alternative results in a net increase 
of 2652.89 AAHUs for the target terrestrial species and 406.04 AAHUs for the target aquatic 
species over the future without project.  Overall, the preferred alternative results in a net yield of 
2549.96 AAHUs for all terrestrial species evaluated (Table 2) and a net yield of 406.04 AAHUs 
for the aquatic species (Table 4) over the future without project condition.  After the AHAG 
analysis was completed the creation of deep holes in the Horseshoe NW unit was removed as a 
feature of the preferred alternative.  According to the AHAG analysis, the deep holes accounted 
for 25% of the AAHUs for the Horseshoe NW unit or 12.16 AAHUs.  After subtracting the 
12.16 AAHUs for the deep holes, the net yield for the aquatic species is 393.88 AAHUs.  The 
combination of aquatic and terrestrial features in the preferred alternative will yield a net 
increase of 2943.84 AAHUs for all evaluation species over the future without project condition.    
 
CONCLUSIONS AND RECOMMENDATIONS 
 
According to the Incremental Cost Analysis (ICA), the preferred alternative ranks 14 out of 15 in 
cost per AAHU output compared to the other best buy plans, whereas the other alternatives being 
carried forward for further evaluation ranked 10th and 12th.  The difference in cost between the 
alternatives is primarily attributable to the inclusion of levee setbacks in the preferred alternative.  
Large scale flood control levees and other types of levee systems have isolated much of the 
Mississippi River floodplain from the main channel and its associated aquatic habitats.  This is 
particularly prevalent in the Lower Impounded Reach and the Unimpounded Reach.  The loss of 
floodplain connectivity is a major stressor affecting the riverine hydrologic regime and the 
pattern of riverine habitats.  This has thus affected the abundance and diversity of plant and 
animal populations in the UMR System.  There are abundant published literature sources which 
identify the importance of floodplain connectivity to the riverine ecosystem (see Junk et al. 1989, 
Ward and Standford 1995, Ward et al. 1999, Gallo et al. 2003, Barko et al. 2006, Opperman, et 
al. 2010). 
 
There are currently limited opportunities to implement levee setbacks along the UMR.  
Additionally, it is very difficult to capture the full benefits associated with floodplain 
reconnection projects.  For purposes of the ICA, the AHAG model was only able to capture 
habitat unit benefits associated with the acreage (area) of floodplain reconnected as result of the 
setbacks.  However, we believe that the ecosystem benefits of floodplain reconnection extend 
beyond the project area for both aquatic and terrestrial species.  Currently, the WHAG and 
AHAG models are not able to capture these benefits.  For this reason, levee setback measures 
should not be excluded as project features because of high cost. 
 
Overall, the proposed project (Alternative 14) will be beneficial to the Mississippi River and 
biota dependent upon the river and its floodplain by improving habitat quality in this portion of 
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river.  The project will rehabilitate and enhance the quality and diversity of wetland habitat, 
enhance forest quality, reconnect channels to the floodplain, and improve aquatic diversity in 
backwater habitats.  Migratory birds and other terrestrial organisms will have access to improved 
habitat for resting, feeding, nesting, and escape cover.  Large river fish and other aquatic 
organisms will gain improved access to important habitats for several life stages, such as 
spawning, rearing and over wintering.  These areas will also provide an important feeding area 
for aquatic organisms and serve as a production area for small fish and invertebrates that other 
terrestrial organisms feed upon.  The proposed Ted Shanks HREP will be beneficial to a variety 
of fish and wildlife resources. The Service fully supports the proposed Ted Shank HREP.    
 
THREATENED AND ENDANGERED SPECIES 
 
To facilitate compliance with Section 7(c) of the Endangered Species Act of 1973, as amended, 
Federal agencies are required to obtain from the Service information concerning any species, 
listed or proposed to be listed, which may be present in the area of the proposed action.  
Therefore, we are furnishing you the following list of species that have ranges that include the 
concerned area: 
 
Classification  Common Name (Scientific Name)  Habitat 
 
Endangered   Gray bat     Caves; feeding-rivers/  
    (Myotis grisescens)   reservoirs adjacent to forests 
 
Endangered  Indiana bat     Caves, mines; small stream  
    (Myotis sodalis)   corridors with well 

developed riparian woods; 
upland and bottomland forest 

 
Endangered   Higgins eye pearlymussel   Rivers 
    (Lampsilis higginsii) 
 
Threatened  Decurrent false aster    Disturbed alluvial soils 
    (Boltonia decurrens) 
 
Threatened  Eastern prairie fringed orchid   Mesic to wet prairies 
    (Platanthera leucophaea) 
 
Candidate  Sheepnose     Rivers 
    (Plethobasus cyphyus) 
 
Candidate  Spectaclecase mussel    Mississippi River 
    (Cumberlandia monodonta) 
 
There is no designated critical habitat in the project area at this time.   
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Although the bald eagle has been removed from the threatened and endangered species list, it 
continues to be protected under the Migratory Bird Treaty Act and the Bald and Golden Eagle 
Protection Act (BGEPA).  The Service developed the National Bald Eagle Management 
(NBEM) Guidelines to provide landowners, land managers, and others with information and 
recommendations regarding how to minimize potential project impacts to bald eagles, 
particularly where such impacts may constitute “disturbance,” which is prohibited by the 
BGEPA.  A copy of the NBEM Guidelines is available at:  
http://www.fws.gov/migratorybirds/CurrentBirdIssues/Management/BaldEagle/NationalBaldEagleManagementGuidelines.pdf 
   
A biological assessment or evaluation should be prepared for this proposed action.  The purpose 
of the assessment is to identify listed or proposed species likely to be adversely affected by the 
action and to assist in making a decision as to whether formal consultation should be initiated.  
Thank you for the opportunity to provide this Draft Fish and Wildlife Coordination Act Report.  
If you have questions, please contact Matt Mangan of my staff at (618) 997-3344, ext. 345. 
 
 

Sincerely, 
       
      /s/ Joyce A. Collins 
 
      Joyce A. Collins 
      Assistant Field Supervisor 
 
 
cc:  MDC (Sternburg, Moore, Flaspohler) 
 IDNR (Atwood) 
 USFWS (Wilson, Simmonds) 
 
Attachments: Table 1 
  Table 2 
  Table 3 
  Table 4 

Appendix A – Literature Cited  
Appendix B – Assumptions
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Table 1: Habitat Suitability Index (HSI) scores for Existing, Future Without Project (Year 50) 
and Future With Project (Year 50) for terrestrial species, Ted Shanks HREP.  Net change is the 
difference between Future With Project and Future Without Project.  Only the species 
highlighted in gray were used to calculate project benefits for the incremental cost analysis. 

Habitat Type Species Existing Future With  Future Without   Net 
N. MDC Setback-Bottomland Mallard 0.72 0.00 0.13 -0.13 
 Green-backed Heron 0.65 0.57 0.59 -0.02 
 Wood Duck 0.64 0.65 0.64 0.01 
 Beaver 0.54 0.52 0.45 0.07 
 Northern Parula 0.55 0.65 0.55 0.10 
 Prothonotary Warbler 0.68 0.71 0.74 -0.03 
      
S. MDC Setback-Bottomland Mallard 0.72 0.00 0.13 -0.13 
 Green-backed Heron 0.65 0.57 0.59 -0.02 
 Wood Duck 0.64 0.65 0.64 0.01 
 Beaver 0.54 0.52 0.45 0.07 
 Northern Parula 0.55 0.65 0.55 0.10 
 Prothonotary Warbler 0.68 0.71 0.74 -0.03 
      
Horseshoe NW-Bottomland Mallard 0.63 0.72 0.00 0.72 
     With MDC Setbacks Green-backed Heron 0.32 0.73 0.32 0.41 
 Wood Duck 0.00 0.58 0.27 0.31 
 Beaver 0.35 0.78 0.29 0.49 
 Northern Parula 0.00 0.52 0.35 0.17 
 Prothonotary Warbler 0.00 0.51 0.25 0.26 
      
Horseshoe NE-Bottomland Mallard 0.63 0.77 0.00 0.77 
 Green-backed Heron 0.32 0.32 0.32 0.00 
 Wood Duck 0.00 0.25 0.27 -0.02 
 Beaver 0.35 0.30 0.29 0.01 
 Northern Parula 0.00 0.42 0.35 0.07 
 Prothonotary Warbler 0.00 0.45 0.25 0.20 
      
Horseshoe S-Bottomland Mallard 0.63 0.72 0.00 0.72 
     With MDC Setbacks Green-backed Heron 0.32 0.73 0.32 0.41 
 Wood Duck 0.00 0.58 0.27 0.31 
 Beaver 0.35 0.78 0.29 0.49 
 Northern Parula 0.00 0.52 0.35 0.17 
 Prothonotary Warbler 0.00 0.51 0.25 0.26 
      
Nose Slough-Bottomland Mallard 0.65 0.61 0.00 0.61 
 Green-backed Heron 0.31 0.30 0.28 0.02 
 Wood Duck 0.00 0.31 0.27 0.04 
 Beaver 0.24 0.30 0.25 0.05 
 Northern Parula 0.25 0.65 0.30 0.35 
 Prothonotary Warbler 0.31 0.59 0.24 0.33 
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Table 1: Continued 
Habitat Type Species Existing Future With  Future Without   Net 

Horshoe NW-Planted Forest Mallard 0.63 0.72 0.00 0.72 
 Green-backed Heron 0.32 0.73 0.32 0.41 
 Wood Duck 0.00 0.58 0.27 0.31 
 Beaver 0.35 0.78 0.29 0.49 
 Northern Parula 0.00 0.52 0.35 0.17 
 Prothonotary Warbler 0.00 0.51 0.25 0.26 
      
Horshoe NE-Planted Forest Mallard 0.63 0.77 0.00 0.77 
 Green-backed Heron 0.32 0.32 0.32 0.00 
 Wood Duck 0.00 0.25 0.27 -0.02 
 Beaver 0.35 0.30 0.29 0.01 
 Northern Parula 0.00 0.42 0.35 0.07 
 Prothonotary Warbler 0.00 0.45 0.25 0.20 
      
Horsehoe S-Planted Forest Mallard 0.63 0.72 0.00 0.35 
 Green-backed Heron 0.32 0.73 0.32 0.41 
 Wood Duck 0.00 0.58 0.27 0.31 
 Beaver 0.35 0.78 0.29 0.49 
 Northern Parula 0.00 0.52 0.35 0.17 
 Prothonotary Warbler 0.00 0.51 0.25 0.26 
      
Horseshoe NW-Nonforest Mallard 0.20 0.67 0.00 0.67 
     With MDC Setbacks Canada Goose 0.17 0.19 0.00 0.19 
 Least Bittern 0.63 0.71 0.00 0.71 
 Lesser Yellowlegs 0.68 0.66 0.86 -0.20 
 Muskrat 0.13 0.14 0.12 0.02 
 King Rail 0.77 0.79 0.73 0.06 
 Green-backed Heron 0.55 0.60 0.46 0.14 
 American Coot 0.00 0.58 0.58 0.00 
      
Horseshoe NE-Nonforest Mallard 0.20 0.67 0.00 0.67 
 Canada Goose 0.17 0.19 0.00 0.19 
 Least Bittern 0.63 0.67 0.00 0.67 
 Lesser Yellowlegs 0.68 0.59 0.86 -0.27 
 Muskrat 0.13 0.14 0.12 0.02 
 King Rail 0.77 0.83 0.73 0.10 
 Green-backed Heron 0.55 0.73 0.46 0.27 
 American Coot 0.00 0.00 0.58 -0.58 
      
Horseshoe S-Nonforest Mallard 0.20 0.21 0.00 0.21 
     With MDC Setbacks Canada Goose 0.17 0.18 0.00 0.18 
 Least Bittern 0.63 0.74 0.00 0.74 
 Lesser Yellowlegs 0.68 0.66 0.86 -0.20 
 Muskrat 0.13 0.15 0.12 0.03 
 King Rail 0.77 0.81 0.73 0.08 
 Green-backed Heron 0.55 0.66 0.46 0.20 
 American Coot 0.00 0.64 0.58 0.06 
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Table 1: Continued 
Habitat Type Species Existing Future With  Future Without   Net 

Nose Slough-Nonforest Mallard 0.20 0.67 0.00 0.67 
 Canada Goose 0.17 0.19 0.00 0.19 
 Least Bittern 0.63 0.67 0.00 0.67 
 Lesser Yellowlegs 0.68 0.59 0.86 -0.27 
 Muskrat 0.13 0.14 0.12 0.02 
 King Rail 0.77 0.83 0.73 0.10 
 Green-backed Heron 0.55 0.73 0.46 0.27 
 American Coot 0.00 0.00 0.58 -0.58 
      
Horseshoe NW-Cropland Mallard 0.83 0.86 0.00 0.86 
 Canada Goose 0.19 0.19 0.00 0.19 
      
Horseshoe NE-Cropland Mallard 0.83 0.89 0.00 0.89 
 Canada Goose 0.19 0.19 0.00 0.19 
      
Horseshoe S-Cropland Mallard 0.83 0.83 0.00 0.83 
 Canada Goose 0.19 0.19 0.00 0.19 
      
Nose Slough-Cropland Mallard 0.83 0.89 0.00 0.89 
 Canada Goose 0.19 0.19 0.00 0.19 
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Table 2: Average Annual Habitat Units for Future With Project (Year 50) and Future Without 
Project (Year 50) for terrestrial species, Ted Shanks HREP.  Only the species highlighted in gray 
were used to calculate project benefits for the incremental cost analysis. 

Habitat Type Species Future With  Future Without   Net 
N. MDC Setback-Bottomland Mallard 0.08 5.69 -5.61 
 Green-backed Heron 29.95 6.15 23.80 
 Wood Duck 31.72 6.15 25.57 
 Beaver 26.41 5.00 21.40 
 Northern Parula 31.77 5.32 26.46 
 Prothonotary Warbler 34.14 6.71 27.43 
 Sum 154.07 35.02 119.05 
     
S. MDC Setback-Bottomland Mallard 0.07 4.90 -4.83 
 Green-backed Heron 28.10 5.30 22.80 
 Wood Duck 29.77 5.30 24.47 
 Beaver 24.78 4.31 20.47 
 Northern Parula 29.83 4.58 25.25 
 Prothonotary Warbler 32.04 5.78 26.27 
 Sum 144.59 30.17 114.43 
     
Horseshoe NW-Bottomland Mallard 121.83 7.32 114.51 
     With MDC Setbacks Green-backed Heron 120.83 11.64 109.19 
 Wood Duck 71.53 6.46 65.07 
 Beaver 134.60 12.10 122.49 
 Northern Parula 67.49 7.54 59.95 
 Prothonotary Warbler 65.59 6.09 59.50 
 Sum 581.87 51.15 530.71 
     
Horseshoe NE-Bottomland Mallard 151.94 4.67 147.27 
 Green-backed Heron 63.90 7.58 56.32 
 Wood Duck 35.65 4.25 31.40 
 Beaver 139.70 7.88 131.83 
 Northern Parula 81.58 4.96 76.63 
 Prothonotary Warbler 69.86 4.00 65.86 
 Sum 542.63 33.34 509.31 
     
Horseshoe S-Bottomland Mallard 120.05 1.72 118.33 
     With MDC Setbacks Green-backed Heron 119.72 2.58 117.14 
 Wood Duck 70.07 1.39 68.68 
 Beaver 132.79 2.69 130.10 
 Northern Parula 66.13 1.63 64.51 
 Prothonotary Warbler 64.26 1.31 62.95 
 Sum 573.02 11.32 561.71 
     
Nose Slough-Bottomland Mallard 329.74 61.16 268.58 
 Green-backed Heron 139.22 96.25 42.97 
 Wood Duck 97.60 50.73 46.87 
 Beaver 127.88 78.53 49.35 
 Northern Parula 197.40 82.64 114.77 
 Prothonotary Warbler 197.88 78.70 119.18 
 Sum 1089.72 448.01 641.72 
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Table 2: Continued 
Habitat Type Species Future With  Future Without   Net 

Horsehoe NW-Planted Forest Mallard 126.48 114.51 11.97 
 Green-backed Heron 126.92 109.00 17.92 
 Wood Duck 71.53 65.07 6.46 
 Beaver 139.42 122.49 16.92 
 Northern Parula 91.67 59.95 31.72 
 Prothonotary Warbler 85.74 59.50 26.24 
 Sum 641.76 530.52 111.23 
     
Horsehoe NE-Planted Forest Mallard 158.72 147.27 11.46 
 Green-backed Heron 67.69 56.32 11.37 
 Wood Duck 35.65 31.40 4.25 
 Beaver 69.22 57.44 11.79 
 Northern Parula 92.09 76.63 15.46 
 Prothonotary Warbler 92.97 65.86 27.11 
 Sum 516.34 434.92 81.44 
     
Horsehoe S-Planted Forest Mallard 126.07 118.33 7.74 
 Green-backed Heron 127.39 117.05 10.34 
 Wood Duck 70.07 68.68 1.39 
 Beaver 139.21 130.10 9.12 
 Northern Parula 91.15 64.51 26.65 
 Prothonotary Warbler 85.17 62.95 22.23 
 Sum 639.06 561.62 77.47 
     
Horseshoe NW-Nonforest Mallard 102.37 20.60 81.77 
     With MDC Setbacks Canada Goose 40.29 17.65 22.64 
 Least Bittern 152.65 64.73 87.91 
 Lesser Yellowlegs 142.98 294.69 -151.71* 
 Muskrat 30.30 44.84 -14.54* 
 King Rail 169.49 269.83 -100.33* 
 Green-backed Heron 131.91 176.84 -44.93* 
 American Coot 113.82 150.25 -36.44* 
 Sum 883.81 1039.43 -155.63 
     
Horseshoe NE-Nonforest Mallard 182.10 29.73 152.38 
 Canada Goose 58.23 25.48 32.75 
 Least Bittern 212.64 93.42 119.21 
 Lesser Yellowlegs 186.93 417.72 -230.79* 
 Muskrat 43.78 63.65 -19.87* 
 King Rail 262.38 382.99 -120.61* 
 Green-backed Heron 225.71 251.17 -25.45* 
 American Coot 0.00 211.77 -211.77* 
 Sum 1171.77 1475.93 -304.15 
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Table 2: Continued 
Habitat Type Species Future With  Future Without   Net 

Horseshoe S-Nonforest Mallard 116.27 42.71 73.55 
     With MDC Setbacks Canada Goose 99.46 36.61 62.85 
 Least Bittern 415.34 134.25 281.09 
 Lesser Yellowlegs 369.33 605.42 -236.08* 
 Muskrat 85.22 92.18 -6.96* 
 King Rail 457.32 554.72 -97.40* 
 Green-backed Heron 368.32 363.68 4.64 
 American Coot 331.40 307.77 23.63 
 Sum 2242.66 2137.34 105.32 
     
Nose Slough-Nonforest Mallard 204.95 27.03 177.92 
 Canada Goose 65.79 23.17 42.62 
 Least Bittern 240.34 84.95 155.40 
 Lesser Yellowlegs 211.15 379.28 -168.14* 
 Muskrat 49.48 57.80 -8.31* 
 King Rail 296.58 347.78 -51.21* 
 Green-backed Heron 254.87 228.09 26.78 
 American Coot 0.00 192.2 -192.20* 
 Sum 1323.16 1340.30 -17.14 
     
Horseshoe NW-Cropland Mallard 54.36 17.23 37.13 
 Canada Goose 12.23 3.91 8.32 
 Sum 66.59 21.14 45.45 
     
Horseshoe NE-Cropland Mallard 56.17 16.16 40.01 
 Canada Goose 11.79 3.67 8.12 
 Sum 67.96 19.83 48.13 
     
Horseshoe S-Cropland Mallard 93.06 30.16 62.90 
 Canada Goose 21.13 6.85 14.28 
 Sum 114.19 37.01 77.18 
     
Nose Slough-Cropland Mallard 17.50 14.22 3.28 
 Canada Goose 3.68 3.23 0.45 
 Sum 21.18 17.45 3.73 
 Grand Total 10,774.38 8,224.50 2549.96 
 
* The negative AAHU values are a result of acreage differences between the different habitat 
types with and without the project.  Without the project it was assumed that most of the forested 
areas would convert to nonforest wetlands.  This conversion favors the more wetland dependant 
species and resulted in the higher future without values than future with values.  With the project 
the forested areas will remain forested and new areas will be planted to forest which will favor 
the more forest dependant species as seen in the positive AAHU values of many of the species in 
the bottomland and planted forest habitat types.  
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Table 3: Habitat Suitability Index (HSI) scores for Existing, Future Without Project (Year 50) 
and Future With Project (Year 50) for aquatic species, Ted Shanks HREP.  Net change is the 
difference between Future With Project and Future Without Project. 

Habitat Type Species Existing Future With Future Without   Net 
MDC Setbacks Smallmouth Buffalo 0.00 0.83 0.00 0.83 
      
Horseshoe NW Smallmouth Buffalo 0.69 0.73 0.40 0.33 
 Flathead Catfish 0.72 0.75 0.45 0.30 
 Largemouth Bass 0.60 0.66 0.29 0.37 
      
Deadman’s Slough White Bass 0.64 0.84 0.55 0.29 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A-55



Table 4: Average Annual Habitat Units for Existing, Future Without Project (Year 50) and 
Future With Project (Year 50) for aquatic species, Ted Shanks HREP. 

Habitat Type Species Future With  Future Without   Net 
MDC Setbacks Smallmouth Buffalo 174.93 0.00 174.93 
     
Horseshoe NW Smallmouth Buffalo 72.44 56.86 15.58 
 Flathead Catfish 74.58 61.07 13.51 
 Largemouth Bass 65.68 46.15 19.53 
 Sum 212.70 164.08 48.62 
     
Deadman’s Slough White Bass 251.43 68.94 182.49 
 Total 639.06 233.02 406.04 
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Appendix B:   
 
General and site specific assumptions and habitat characteristic information used to determine 
WHAG and AHAG values and acreage.  Taken from Appendix D of the Definite Project Report. 
 
General 

1) We assumed that target years of 0 (baseline condition), 1, 5, 25, and 50 (future without 
and future with project conditions) are sufficient to analyze HUs and characterize habitat 
changes over the estimated project life. 

 
2) Four floods have overtopped the levee in the last 50 years: 1973, 1993, 2001, 2008.  We 

assume four more floods will overtop the levee over the project life, the next 50 years.   
 
3) The duration, and severity of Mississippi River floods has increased with floodplain 

development, channel modifications and changes in agriculture.  Additionally, navigation 
pool formation has increased sedimentation within the pools and side channels.  The water 
control structure that drains Horseshoe Unit into Deadman’s Slough is undersized causing 
flood waters to pond on the Horseshoe Unit increasing the severity of flood impacts.  
During future flood events, the project will allow for faster removal of flood waters 
reducing impacts from inundation and sedimentation. 

 
4) After the flood of 1993, tree mortality was 100% in some pin oak flats due to inability to 

adequately drain flood waters.  Indirectly, flooding led to reed canary grass domination. 
Floods killed off the over story which historically shaded and reduced the water table in the 
Horseshoe Unit.  This provided the damp full sun conditions reed canary grass needs to 
thrive.  Tree mortality along sloughs has led to increased sun and wind exposure increasing 
water temperature and turbidity.  Additionally, sloughs have lost vegetative nutrient input.  

 
5) Sedimentation occurred as a result of past flooding and severity increased due to 

prolonged inundation from insufficient drainage.  Continued sedimentation will impair the 
ability to drain the lower end of TSCA. 

 
6) MDC will continue to provide funds to control reed canary grass.   
 
7) Without the project, MDC may not have or choose to provide funds for replacement of 

water control structures including the structure that drains Horseshoe Unit into Deadman’s 
Slough.  Therefore, we assume water control structures and the ability to manipulate water 
levels within the Horseshoe Unit will fail by year 25.  Without water management ability, 
wetland vegetation will be heavily degraded by year 25.  Additionally, failure of the 
Deadman’s Slough water control structure will result in wetter conditions across 1/2 - 2/3 of 
Ted Shanks favoring reed canary grass and limiting tillage options.  This will impact food 
plot acreage.  In wet years, there will be no food plots while in drier years, food plot 
acreage will remain at existing levels.  This will also decrease wildlife usage because plants 
cannot be sustained for forage or flooded reliably.     
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8) With levee setbacks, setback areas would retain baseline habitats in target year 1.  By 
target year 5, early successional forest will cover the sites.  By year 25 the sites will have 
all structural characteristics of forest habitat, though not fully mature forest.  By target year 
50, the sites are assumed to have structural characteristics of mature bottomland hardwood 
forest.   

 
9) Under with-project conditions, water control structures would operate and be operated at 

a higher level of effectiveness throughout the 50-year planning period.   
 
10) We assumed that operation of Ted Shanks would continue with the current management 

objectives and plans for at least the life of the HREP. 
 
Site Specific 

1) Levee restoration feature. 
 It was assumed that no habitat units would be generated from this alternative.  The levee 

already provides almost a 50 yr level of protection.  Additionally, levee restoration would 
require the removal of the last remaining quality bottomland hardwoods at Ted Shanks 
Conservation Area and removal of several acres of forested wetlands. 

 
2) Rebuild levee with Corps setbacks feature. 

This feature is the same as the levee restoration with the addition of building the setback 
levee and degrading the existing levee in this area.  Therefore, this alternative is assumed to 
generate the same habitat units as the Corp setback alternative. 

 
3) Levee setbacks location.   
 WHAG Evaluation – We chose to evaluate this feature using the bottomland hardwood 

spreadsheet because bottomland hardwood survival is one of the major reasons for the 
setbacks.  Since the 1993 flood, bottomland hardwood trees growing below elevation 453.5 
have continued to decline and die within the leveed portions of Ted Shanks while trees 
outside the levee have survived.  It is assumed that without the setbacks, all bottomland 
hardwoods below 453.5 within the setback area would die by year 25.  With the project, all 
existing forested areas would survive. 

 
 AHAG Evaluation - Levee setbacks would increase the area available to spring flooding 

and fish spawning along the Salt River.  Stage data and topographic surveys indicate that 
overbank flooding would occur on land outside of the new levee three out of every four 
years.  Thus this area would provide habitat to spawning and rearing fish during these 
times.  The acreage of land that would be placed outside the setback was used in the 
calculation of AAHUs.  Calculated AAHU’s were reduced by 25% because overbank 
flooding does not occur every year. 

 
4) Horseshoe Unit location. 
 AHAG Evaluation - Without the project, management of game fish is poor and will remain 

poor in the future in Horseshoe Lake.  Without improved drainage, water will back up onto 
Horseshoe Unit causing increased sedimentation.  Fisheries would continue to decline with 
loss of depth from sedimentation and inability to exclude invasive species.  With the 
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project, Horseshoe NW unit would be formed.  Site managers indicate this unit would be 
managed for game fish and water levels would be held steady during spawning.  Proposed 
water control structures would be designed to prevent river fish from entering the unit thus 
preventing/reducing invasive species colonization.   

 
 WHAG Bottomland Hardwood Evaluation - The Horseshoe Unit at Ted Shanks was 

primarily hardwood forest prior to tree mortality.  Therefore, we assumed that surviving 
forests at Ted Shanks are bottomland hardwood forests.  Few new trees have regenerated 
due to the invasion of reed canary grass and potentially insufficient seed bank.  Therefore, 
these remnant forests will persist at their current size with or without the project.  With 
project, we assumed that areas above 452’ amsl would regenerate to floodplain forest.  
Areas > 0.5 acres and above 453.5’ amsl in Horseshoe NW and NE would be replanted 
with bottomland hardwoods.  The PDT assumed bottomland hardwoods would not 
regenerate, and planting is ineffective in small areas.  All other areas at suitable elevations 
would regenerate to floodplain forest.  The Bottomland hardwood wetland WHAG 
evaluation was used to evaluate floodplain forest because the questions are general enough 
to apply to all forest types, and no other forest evaluation was available.   

 
 Root pruned containerized swamp white oaks planted in the northern portion of Ted Shanks 

began producing acorns after three years.  Thus we assumed that bottomland hardwood 
reforestation areas would begin producing acorns after five years.  Literature indicates that 
after 5 – 9 years, some forest dwelling bird species (particularly the prothonotary warbler) 
colonize primary successional forest such as floodplain forest.  Therefore after 5 years, we 
can expect the floodplain forest to provide forest habitat. 

 
 WHAG Cropland Evaluation – We assumed that water control structures would fail after 

25 years.  Site managers thought regional conditions without water control would result in 
60% of years being too wet to plant; all planting would occur during other years.  Future 
management plans include cropping 10% of each subunit in 25 years. 

 
5) Nose Slough. 
 WHAG Bottomland Hardwood Evaluation 
 Nose Slough would be managed for bottomland hardwoods similar to Horseshoe NE 

subunit. With project, managers would have the capability to hold water levels lower to 
promote tree survivorship.  We assumed all existing forest acres would remain forested 
with or without project.  With project, we assumed that areas above 452 would regenerate 
to forest. 

 
 WHAG Cropland Evaluation – The assumptions and methodology were the same as those 

for the Horseshoe Unit location.  
 
6) Deadman’s Slough location.   
 AHAG Evaluation - According to MDC personnel, water depth in the lower end of the 

slough is approximately 1.5 feet and the slough is rarely accessible by boat.  Bathymetry 
data collected in 2008 indicates that there is 4 – 6’ of depth in the center of the slough that 
could provide overwintering habitat.  However, this may be accessible only to fish within 
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the slough.  Without the project, we assumed sedimentation would continue within 
Deadman’s Slough reducing depth and leading to more frequent summer and winter kills.  
We assumed the lower end will close off in 10 years (Travis Moore pers. comm.) and in 50 
yrs, the upper end will no longer be connected to the river.  With the project, the mouth of 
the slough would be moved below the existing wing dike.  We assume this dike would 
provide scour that would keep the mouth of the slough open.  Rock structures within the 
channel would maintain channel depth. 

 
 As water levels rise above Pool 24 flat pool elevation, low areas at the south end of TSCA, 

all of Angle and Blackburn Islands and along the north bank of the Salt River become 
inundated.  Inundation of the entire nonleveed area appeared to be nearly complete at a 
flood stage of about two feet on 18 April 2008.  Inclusion of the nonleveed forest acres is 
justified because the larva of the white bass and other pelagic species float in the current 
until they find a quiet area with little current where they remain until absorption of the yolk 
sac.  The forest area south of Deadman’s Slough when flooded provides low flow habitat 
with high levels of organic matter and invertebrates.  White bass spawned in Deadman’s 
Slough would have the opportunity to utilize this high quality habitat and then disperse as 
water levels recede.  We consulted with planners and project managers in the St. Louis and 
Rock Island districts to determine whether project benefits had ever been calculated outside 
of the actual footprint of a completed EMP project and found that it had been done to a 
limited degree.  The NESP Science Panel has discussed this issue in some detail, but has 
not addressed how impacts to adjacent habitats might be quantified in lotic situations.  
They have discussed how the impacts may be extrapolated for island creation, based upon 
the Pool 8 EMP project.  MVR has also documented the contribution of backwaters, 
isolated by EMP project features, in providing larval fish to the Illinois River.  This has 
been noted in several other instances, as well.  Planners, managers, and biologists, 
including the NESP Science Panel, agree that there are significant benefits to the riverine 
system beyond project boundaries as a result of completed EMP projects.  Thus, we feel the 
inclusion of the nonlevee areas adjacent to Deadman’s Slough is justified.  

 
 HSIs for spawning, rearing, and juvenile/adult were calculated.  These three were averaged 

and multiplied by the area encompassed by Deadman’s Slough.  Additionally, the 
spawning and rearing HSIs were averaged and multiplied by the acreage of the nonleveed 
forest adjacent to Deadman’s Slough.  This number was then multiplied by two thirds 
because it does not include the juvenile/adult stage and by 75% because the area floods 
three out of every four years.  Flood frequency information for the period from 1989 
through 2008 (20 years) reveals that there were five years (25%) during the period when 
there was not a spring flood.  Consequently, it is appropriate to reduce the AAHU’s 
computed by 25% to account for those years.  The two habitat unit calculations were then 
added together.   

 
7) Planting floodplain forest features. 
 WHAG Bottomland Hardwood Evaluation – Three features to plant floodplain forest in 

each of the three proposed management units were added after the completion of the 
WHAG analysis.  To generate HUs for these features, a “planted” bottomland hardwood 
wetlands WHAG was conducted in the three management unit locations.  For this analysis, 
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the team assumed that the best possible project and the floodplain forest would be 
implemented.  To determine the HSI for planting floodplain forest, the best possible project 
bottomland hardwood WHAG values were subtracted from the “planted” bottomland 
hardwood wetland WHAG value.  We assumed that root pruned containerized planted 
floodplain forest would begin providing shade and soft mast forage after a year of growth 
while naturally regenerating forest would begin providing benefits at year five.   

 
8) Levee degrade feature. 
 It was assumed that no habitat units would be generated from this alternative.  Degrading 

the existing levee would require the removal of the last remaining quality bottomland 
hardwoods at Ted Shanks Conservation Area and impact several acres of forested wetlands.  
Removing the levee would also prevent site management.  It would likely lead to 
floodplain forest dominance and a degradation of existing water bodies because Ted 
Shanks is in the deposition zone of Pool 24. 
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1.  PROJECT DESCRIPTION 
 
A. Location.  The Ted Shanks Conservation Area (TSCA) Habitat Rehabilitation and Enhancement 

Project (HREP) is located in Pool 24 of the Upper Mississippi River (RM 284.5 - 288.5) on the right 
descending bank of the Mississippi River, adjacent to the town of Ashburn, MO in Pike County.  The 
conservation area is approximately 6,700 acres.  Approximately 3,800 acres of TSCA is Missouri 
Department of Conservation (MDC) owned lands and 2,900 acres is U.S. Army Corps of Engineers 
(USACE) owned lands.   The project area is solely on the USACE owned lands.  It consists of 
approximately 2,900 acres of TSCA and 490 acres of the Upper Mississippi Conservation Area.  
These lands are managed under a cooperative agreement between the Department of the Interior, U.S. 
Fish and Wildlife Service (FWS) and the USACE, dated 14 February 1963.  Management of these 
project lands has been assumed by the Missouri Department of Conservation under a successive 
cooperative agreement. 

 
B. General Description.  The goal of this HREP is to rehabilitate and enhance the quality and diversity 

of wetland habitat in the project area to benefit primarily migratory birds and secondarily other 
wetland species.  Implementation of the tentatively selected plan would increase the quality and 
quantity of wildlife habitat and meet the life requisites for a large variety of native floodplain species.  
Planting mast-producing hardwood trees and floodplain forest would improve the quality and quantity 
of wildlife habitat.  Enhancing water level management capability would provide more moist soil 
habitat, greater vegetation diversity, and a reliable food supply.  Enhancing aquatic resources would 
increase habitat complexity and provide spawning and rearing opportunities for a wide variety of 
aquatic life.  The following objectives and enhancement measures were considered in detail to 
achieve the project goal: 

 
I. Objective 1.  Improve water level management 

• No action 
• Raise/restore levees 
• Create management units 
• Replace/build new water control structures 
• Construct a spillway 
• Construct a pump station 

 
II. Objective 2.  Increase quantity of bottomland and floodplain forest 

• No action 
• Setback or degrade levees 
• Plant bottomland hardwoods 
• Plant floodplain forest 

 
III. Objective 3.  Improve aquatic habitat 

• No Action 
• Deepen water bodies 
• Reconnect water bodies 
• Install structures (rock/wood) in aquatic areas 

 
C. Authority and Purpose.  The authority for the Ted Shanks Conservation Area Habitat Rehabilitation 

and Enhancement Project (HREP) is provided by the 1985 Supplemental Appropriations Act (Public 
Law 99-88) and Section 1103 of the Water Resources Development Act of 1986 (Public Law 99-
662).  The proposed project would be funded and constructed under this authorization.  The Ted 
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Shanks Conservation Area HREP has no cost sharing requirement because all project features are 
located on federally owned land managed by the MDC as a conservation area. 

 
The purpose of the evaluation portion of this document is to comply with Section 404 of the Clean Water 

Act pertaining to guidelines for the placement of fill material into waters of the United States. This 
evaluation, in conjunction with the Definite Project Report with Integrated Environmental 
Assessment, Upper Mississippi River System Environmental Management Program, Ted Shanks 
Conservation Area Habitat Rehabilitation and Enhancement Project, Pike County, Missouri will 
assist in analysis of alternatives for the proposed project, resulting in a designated Tentatively 
Selected Plan.  Further, this evaluation will provide information and data to the state water quality 
certifying agency demonstrating compliance with state water quality standards.  

 
D. General Description of the Excavated Material.   Stone used in project features would include 

quarry run limestone consisting of graded “C” stone which will be furnished by a contractor.  Due to 
complexity of the full project, each project features are listed in groups by similarity. 

 
I. Levee Setback & Degrade MN2 & MS1 

• Levee embankment: The total in place embankment quantity for both levee 
setbacks and degrades is 130,200 CY.  Crushed stone surfacing (total 3,294 ton) 
and geotextile (9,883 SY) will also be used on the crown of the levee.   

• Levee degrade: Material from the existing levee will be degraded to near the 
prevailing natural ground level.  The material will be used in constructing the 
levee setback or placed in one of the designated borrow areas. 
 

II. Restore Channels:  Historic channels were blocked when a drainage ditch was 
excavated through the center of the site. 

• Degrade earth plugs: Material from the earth plugs will be placed along the 
remaining bank, excavated quantity is 149,900 CY. 
 

III. Deadman’s Slough, Rock Riffle & Hardpoint Structures.  A total of 9,460 ton of 
graded “C” stone will be used to construct rock riffles, hardpoint structures, and stone 
revetment.  In addition, 28,000 CY will be mechanically dredged or excavated.   
 

IV. Water Control Structures  (HL1, CW2, SR1, CN1, CS3, DS1, NS1, NS2):  
• Total material for all water control structures: The following material will be 

used in construction of three peripheral and five interior water control structures 
throughout the project area.  Concrete (1,532 CY), reinforcing steel (336,860 lb), 
concrete base slab (19 CY),  concrete formwork (23,180 SF), structural 
shapes/bars (21,970 lb), steel pipe schedule 40 (4,720 lb), steel pipe schedule 80 
(3,710 lb), anchor bolts (92 ea), steel pipe H piling (9,088 LF), sluice gate (8 ea), 
heavy weld grating (510 ea), weir gate (4 ea), corrugate metal pipe (CMP) riser 
96″ diameter (112 LF), CMP 72″ diameter (420 LF), CMP flared end sections 
72″ diameter (14 ea), welded steel steps (29 ea), handrail (176 LF), fiberglass 
grating (400 SF), highway guardrail (110 LF), PZ35 sheet pile supplied (13,5955 
LF), PZ35 sheet pile driven (10,876 LF), structure steel walers (11,346 lb), 
tieback (16 ea), turnbuckles (16 ea), welded steel pipes (42 ea), aluminum canal 
gate (6 ea), and bridge deck beams (2 LS).  

• Cofferdam and levee embankment for all: Levees will be raised in the vicinity of 
the water control structures.  Temporary cofferdams will be built to provide dry 
construction areas.  Cofferdam material will be re-used to raise the levee.  The 
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total in place embankment quantity for all cofferdams is 33,098 CY and for all 
levee embankment is 46,310 CY. Total crushed stone surfacing (697 ton), total 
geotextile (2,939 SY), total graded “C” Stone (2,639 ton), and total bedding (801 
ton) will also be used for structures throughout the project area.   

• Excavation for all water control structures: 34,435 CY.    
 

V. Berms (Lower, Upper, Twin): Four berm segments will be built to divide the area into 
three management units.  The total in place embankment quantity for all berms is 44,024 
CY.  Crushed stone surfacing for all berms is 4,260 ton and all geotextile is 12,783 SY 
will also be used during berm construction.  

 
VI. Channel for Pump Station:  A channel will be constructed to carry water from the 

proposed pump station to the proposed management units. 
• Channel excavation: Feature requirements include 7 ′ deep, 50′ flat bottom, 1 on 3 

side slopes, 92′ top width, and 4,550′ total length.  Net channel excavation is 
52,348 CY. 

 
VII. Diesel Pump Station:  A diesel pump station will be constructed for fall flooding of the 

proposed management units.   
• Material: Concrete (228 CY), reinforcing steel (107,800 lb), concrete formwork 

(5,880 SF), steel H piling (1,704 LF), structural steel (1 LS), heavy weld grating 
(440 SF), welded wire fabric 6′ × 6′ (649 SF), and diesel pump station which 
includes pumps, appurtenances, sluice gates, gate hoists, and discharge pipes.   

• Cofferdam and levee embankment: The in place embankment quantity for the 
temporary cofferdam is 7,328 CY and for the levee embankment is 27,000 CY.  
Cofferdam material will be re-used as levee embankment.  Crushed stone 
surfacing (482 ton), geotextile (1,447 SY), graded “C” stone (974 ton), and 
bedding (346 ton) will also be used.  

• Excavation: The in place excavation quantity is 22,830 CY. 
 

E. Description of the Excavation and Placement Site.  Nine borrow sites are located throughout the 
project site to provide material for proposed features.  Excavation depth will be no greater than 18” 
and follow existing contours.     

 
I. Levee Setbacks & Degrades MN2 & MS1: These proposed project features are located 

along the Salt River on the north (MN2) and south (MS1) sides of Reiniking Slough. The 
height of the proposed levee setbacks would match the existing levee (~463’).  The crown 
width would be 12′ and side slopes 1 vertical on 3 horizontal.  The bottom width would be 
approximately 75′ and construction limits would be approximately 125′ for the length of the 
setback. Clearing and grubbing of 7 acres would be required within the levee footprint and 
recommended within 15′ of the proposed levee toe.  Embankment material would be 
transported to the site primarily along existing roads.  

 
II. Restore Channels: When Three Mile Ditch was constructed, the excavated material was side 

cast.  This material blocked off many of the historic sloughs.  To facilitate water movement to 
the exterior structures, the historical slough paths would be restored.  This material would be 
placed on adjacent high ground and planted in native trees or used to construct area features. 

 
III. Deadman’s Slough, Rock Riffle & Hardpoint Structures: This feature includes dredging 

the mouth of Deadman’s Slough and installing two rock riffle structures.  The structures are 
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proposed to enhance the slough by mimicking a natural pool-riffle-pool channel.  The 
structures would have a 4:1 upstream slope and a 20:1 downstream slope with an 
approximate length of 125′.  The crown would be a minimum of 25′  in width and would be 
“U” shaped, meaning the center elevation of 448 ′  NGVD would be lower than the bank side 
elevations.   Eight alternating hard points would be constructed at various spacing to create 
additional habitat.  The structures would tie into the bank at 448 ′ NGVD and extend outward 
for a distance of ¼ the channel width.   

 
IV. Peripheral Water Control Structures: Three water control structures would be constructed 

in the exterior agricultural levee surrounding the project area.  These structures would vastly 
improve site drainage preventing root zone flooding, and allowing for reed canary grass 
management. 

 
• Water Control Structure HL1: This project feature connects Horseshoe Northwest Unit 

to an oxbow lake of the Salt River. This structure consists of two 8′ W × 6′ H box 
culverts that feed into a gatewell and discharge basin.  The downstream exterior face of 
the gatewell has two 8′ W × 6′ H sluice gates and a smaller downward opening slide gate 
for water level management.  To reduce fish access, fish barrier racks would be installed 
in the discharge basin. The clear opening between bars is limited to two inches to prevent 
passage of larger fish. 
 
A 10′ wide channel would be excavated to 450′ NGVD (HL1 invert) to connect 
Horseshoe Lake to HL1 and HL1 to the Salt River Oxbow.  Where this channel connects 
to Horseshoe Lake, an 8′ deep area would be excavated to trap sediment.  The channel 
would allow for maximum draw down of the unit to consolidate lake sediment, control 
non-native fish, promote wetland vegetation growth, and allow for reed canary grass 
control.   
 

• Water Control Structure SR1:  This structure drains Horseshoe South Unit to Salt 
River.  SR1 is a new structure proposed at the southwest corner of the levee. This 
structure has a 4′ clear zone between the bridge deck and barrier wall to admit sunlight to 
the area behind the gates to promote fish passage.  The concrete structure has two 8′ W × 
6′ H openings with sluice gates and a smaller center opening with slide gate.  The smaller 
opening has a gate that opens from the top down and allows for fine scale water level 
management.   
 

• Water Control Structure DS1: This structure drains Horseshoe South management unit 
to Deadman’s Slough.  DS1 would replace the existing 42″ CMP structure. This structure 
has a 4′ clear zone between the bridge deck and barrier wall to admit sunlight to the area 
behind the gates to promote fish passage.  The concrete structure has two 8′ W × 6′ H 
openings with sluice gates and a smaller center opening with slide gate.  The smaller 
opening has a gate that opens from the top down and allows for fine scale water level 
management.   

 
V. BERMS - Four berms segments would be constructed to divide the existing Horseshoe Lake 

Management Unit into three management units.  All berms’ height will be 455.5’ NGVD 
with 1 on 4 side slopes.   

 
• Upper Berm 1: The upper berm would be west of Three Mile Ditch and run north until it 

ties into the existing Nose Slough Unit berm.  
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• Lower Berm 1: This berm terminates at the Salt River exterior levee and Three Mile 
Ditch.  
 

• Twin Berms:  This feature consists of 2 berms (North and South) which terminate at the 
Mississippi River exterior levee and Three Mile Ditch.   

 
VI. Interior Water Control Structures: Five water control structures would be constructed to 

connect the three management units (CN1, CW2, CS3) and replace existing undersized 
structures (NS1 and NS2). 

 
• Water Control Structure CN1:  This structure connects the pump station channel to 

Horseshoe Northeast Unit.  
 

• Water Control Structure CW2: This structure connects the pump station channel to 
Horseshoe Northwest Unit. A channel at least 10′ wide by 5′ deep would be excavated 
from the structure to Horseshoe Lake.  This channel would promote water flow into the 
unit.  Excavated material would be used for berm construction. 

 
• Water Control Structure CS3: This structure connects the pump station channel to 

Horseshoe South Unit.  
 

• Water Control Structure NS1 & NS2:The two Nose Slough water control structures 
each consist of one 4′ × 4′ concrete box culvert with a single sluice gate and slide gate. 
They both connect Nose Slough to Horseshoe NW, one on the west (NS1) and one on the 
east (NS2). These structures would replace two existing smaller water control structures.   

 
VII. Pump Station:  A pump station and channel would be constructed to provide a water source 

in the fall.  Management objectives involve flooding the units (NW, NE, and S) to 454.5′, 
454′, and 453.5′ NGVD respectively, to provide fall migrating waterfowl access to food. 

  
• Pump Station Channel:  A new water supply channel would be constructed from the 

pump station to Three Mile Ditch.  The channel would follow an existing swale that 
traverses the area.  The channel would be 4,550 ′ long, 7′ deep, 50′ wide at the bottom, 
and 92′ wide at the top.  Approximately 52,500 CY of material would be excavated and 
used to construct the adjacent twin berms. 
 

• Diesel Pump Station: The riser of the diesel station extends from 442.5 ′ to 467.0′ 
NGVD.  Adjacent to the top of the riser are concrete pads for the belt drive apparatus, the 
trailer mounted diesel engines, and a containment area for the trailer mounted fuel tank.  
The pump station and the pads for the engine and fuel tanks will occupy an 
approximately 60′ × 40′ area on the exterior levee.  The levee will be widened in the 
vicinity to accommodate the pump station. 

 
F.  Description of the Placement Method.  Excavation and placement would be done by dozers, 

agricultural scrapers, and self-propelled sheepsfoot roller (to compact soil). Stone will be transported 
to project site by barges.   

 
2.  FACTUAL DETERMINATIONS 
 
A.  Physical Determinations  
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I. Elevation and Slope.  Construction specifications are provided in the full report.     

 
II. Sediment Type.  The soil in the project area has been characterized by the Natural Resource 

Conservation Service, Missouri as Blackoar silt loam, Chequest silty clay loam, Moniteau silt 
loam, and Dockery silt loam. The soil is characterized by moderate permeability and poor 
drainage.  The soil deposits range in thickness from 20 – 30′ being shallower near the 
Mississippi and deeper near the Salt River.   

 
III. Excavation/Fill Material Movement.  Use of the dragline crane and track hoe from the 

barge to form the riffle and hardpoint structures in Deadman’s Slough would limit the 
movement of fill material.  Dredged/excavated material from Deadman’s Slough and the 
sediment plugs would be placed on nearby dry ground for tree planting or utilized in project 
features and planted with native grass.  All other excavation and fill would take place within 
the exterior levee.  Excavation would occur within the 9 borrow areas and fill would be 
transported by truck primarily along existing roads to proposed feature locations.  Excavated 
material for particular features would be incorporated in that feature or transported to the 
location of other features.  Fill not incorporated in project features would be placed in one or 
several of the borrow sites.   

 
IV. Actions Taken to Minimize Impacts.  All excavated and filled areas would be planted with 

suitable native vegetation as soon as possible after disturbance.  Additionally, best 
Management Practices for construction will be enforced.  Furthermore, to minimize impacts 
to the Salt and Mississippi Rivers, excavation and fill will take place within the exterior 
levee. 

 
B.  Water Circulation, Fluctuation, and Salinity Determinations 

  
I. Water.   Excavation would temporarily reduce water quality in the adjacent area.  Turbidity 

and sedimentation would increase.  This would cease after construction completion and the 
improved drainage capacity throughout Ted Shanks Conservation Area would benefit fish 
and wildlife resources in the long-term.  

 
II. Current Patterns and Circulation.  The main purpose of this project is to alter water 

drainage throughout the project area.  The riffles and hardpoints in Deadman’s Slough are 
designed to alter flow and circulation to decrease sedimentation.   

 
III. Normal Water Level Fluctuations.  Normal water level fluctuations in the Mississippi River 

and Salt River would be unaffected.  Restoration features would not detrimentally increase 
flood heights or adversely affect private property or infrastructure. 

 
IV. Actions That Will Be Taken to Minimize Impacts.  Best Management Practices for 

construction would be enforced. 
 

C.  Suspended Particulate/Turbidity Determinations 
 

I. Expected Changes in Suspended Particles and Turbidity Levels in Vicinity of Placement 
Site.  Increases in suspended particulates and turbidity due to construction activities are 
expected to be greatest within the vicinity of the rock structures, pump stations, and ditch 
excavations.  This will cease after construction completion and the improved drainage 
capacity throughout Ted Shanks Conservation Area would benefit fish and wildlife resources 
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in the long-term. Furthermore, to minimize impacts to the Salt and Mississippi Rivers, 
excavation and fill will take place within the exterior levee. 
 

II. Effects on Chemical and Physical Properties of the Water Column 
 

a. Light Penetration.  There will be a temporary reduction until sediments suspended as part 
of the project activities settle out of the water column. 

b. Dissolved Oxygen.  No adverse effects expected. 
c. Toxic Metals and Organics.  No adverse effects are expected. 
d. Aesthetics.  Aesthetics of work sites are likely to be adversely affected during 

construction, but are expected to be temporary and improve after construction.   
 

III. Effects on Biota.  The project would likely result in some short-term displacement of biota in 
the immediate vicinity of construction activities due to temporary decreases in water quality 
and disturbance by construction equipment.  Long-term beneficial effects should occur as 
aquatic species, especially riverine fishes, benefit from the improved habitat within 
Horseshoe Lake.  Bottomland and floodplain forests will also benefit from the improved 
drainage throughout Ted Shanks Conservation Area.   

 
D.  Contaminant Determinations.  The Phase I Hazardous, Toxic, and Radioactive Waste survey 
conducted for this study did not identify contaminant sources or migration pathways from surrounding 
properties that would adversely impact surrounding environments (human and ecological receptors).   The 
project is located in the Mississippi River Floodplain is primarily natural habitat with minimal cropland.  
There is little evidence that the land has been used for other purposes. It does not appear that there is a 
risk of HTRW contamination within the project area.  No chemical testing is required.  
 
E.  Aquatic Ecosystem and Organism Determinations 

 
I. Effects on Plankton.   The project could have a temporary adverse affect on the plankton in 

the immediate vicinity of the project area.  This would cease after construction completion. 
 

II. Effects on Benthos.  The creation of the hardpoints and riffles in Deadman’s Slough as well 
as the pump station and water control structures would temporarily disrupt the aquatic 
environment.  Benthos present in these areas would be adversely affected by burial during 
placement of stone and excavation during channel creation.  However, the benefits gained 
from improved aquatic habitat and water transport capacity would far outweigh any loss in 
benefits during the time of construction.   
 

III. Effects on Nekton.  Temporary adverse effects may be experienced by free-swimming 
aquatic life during construction, as with the benthic community; the long-term impact would 
be beneficial.   

 
IV. Effects on Aquatic Food Web.  The project will improve water transport capacity and 

increase habitat diversity (terrestrial and aquatic) throughout Ted Shanks Conservation Area 
which currently lacks adequate water drainage and habitat diversity.  The increase in water 
transport capacity and habitat diversity would improve the overall health and food web of 
Ted Shanks Conservation Area.  Fishery and forestry resources are expected to increase as 
water transport capacity and habitat diversity are improved by the project.  

 
V. Effects on Special Aquatic Sites.  The project will enhance wetland habitat throughout the 

project area through improved water level management.  Currently, there are no riffles within 
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the project area.  Engineered riffles are a project feature within Deadman’s Slough.  Prior to 
impoundment, rock shelves, riffles, and cascades occurred in portions of the Mississippi 
River.  The project would restore some of this disappearing habitat.   

 
VI. Threatened and Endangered Species.  Presence of, or use by, endangered and threatened 

species is discussed in the Environmental Assessment.  No adverse impacts are expected to 
result from this project.  

 
The flat floater (Anodonta suborbiculata) is a mussel species found within the wetland units 
of TSCA and is a Missouri Species of Concern.  It is a large, thin-shelled, fast-growing, 
short-lived mussel that does especially well in wetlands and seasonally flooded areas.  While 
they can grow to 8 or 9 inches across, they rarely live longer than 5 or 6 years.  Most 
individuals do not live this long because of wetland drying periods.  In many cases, the 
population takes a short term hit when water bodies dry out.  However, the population tends 
to rebound quickly (MDC pers. comm.).  Management of TSCA will take into consideration 
this species during drawdowns where it is present.   

 
VII. Other Wildlife.  The project would likely result in some short-term displacement of wildlife 

in the immediate vicinity of construction activities.  Minimizing disruption of migratory 
waterfowl during fall and early winter will be considered during the development of plans 
and specifications.  Wildlife, especially waterfowl, would see benefit from the increase in 
habitat diversity and food resources made possible through improved water transport 
capacity.   

 
F.  Proposed Placement Site Determinations 

 
I. Mixing Zone Determinations.  A mixing zone is that volume of water at a placement site or 

discharge site required to dilute contaminant concentrations associated with a discharge of 
dredged material to an acceptable level.  The concentration of sediment material associated 
with construction of water control structures, berms, and the excavated sediment plugs will 
not be high enough to require a mixing zone.  The water in the excavated material from the 
pump station ditch will drain back into the excavated ditch which will have a control structure 
at both ends.  Any high sediment concentrations would be at an acceptable level prior to 
opening either control structure.  Dredged material from Deadman’s Slough would be 
pumped into a containment site near the Slough or pumped to a containment site within the 
TSCA managed area to allow the sediment concentration to reach an acceptable level before 
allowing it to drain.  

 
II. Determination of Compliance with Applicable Water Quality Standards.  This Clean 

Water Act Section 404(b)(1) provides the necessary compliance required by law.  Section 
401 Water Quality certification in compliance with the Clean Water Act, and all other permits 
necessary for the completion of the project, would be obtained prior to project construction. 

 
III. Potential Effects on Human Use Characteristics.  No long-term adverse impacts to 

municipal and private water supplies; water-related recreation; aesthetics; or parks, national 
and historic monuments, national seashores, wilderness areas, research sites or similar 
preserves would occur.  During construction the area would not be available for recreational 
and commercial fishing.  Following construction, the proposed project would enhance fishing 
and hunting opportunities in the area and improve the overall condition of Ted Shanks 
Conservation Area. 
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G. Determinations of Cumulative Effects on the Aquatic Ecosystem.  Although minor short-term 
construction-related impacts to local fish and wildlife populations are likely to occur, no negative 
cumulative impacts to fish and wildlife are identified.  From a systemic approach, the tentatively 
selected plan would result in positive long-term benefits to wetland, floodplain forest, bottomland 
hardwood, and aquatic habitats located in and around TSCA. 
 

H. H.  Determinations of Secondary Effects on the Aquatic Ecosystem.  No adverse secondary 
affects should result from the proposed action.  Long-term benefits to aquatic habitat and wildlife 
are expected. 

 
3.  FINDINGS OF COMPLIANCE OR NON-COMPLIANCE WITH THE RESTRICTIONS ON 
DISCHARGE       
 
A.  No significant adaptations of the 404(b)(1) guidelines were made relative to this evaluation. 
 
B.  Alternatives that were considered for the proposed action included fewer features than the tentatively 
selected plan. All feasible combinations of features (15 alternatives including no action) were analyzed 
for environmental benefits and costs.  The tentatively selected plan provided a large number of 
environmental benefits and best met project objectives and the four plan formulation criteria of 
completeness, effectiveness, efficiency, and acceptability. 
 

1. Certification under Section 401 of the Clean Water Act would be obtained from the Missouri 
Department of Natural Resources. 
 

2. The proposed fill activity is in compliance with Applicable Toxic Effluent Standards of 
Prohibition under Section 307 of the Clean Water Act. 

 

3. Prior to construction, full compliance with the Endangered Species Act would be     
documented. 

 

4. The project is situated along an inland freshwater river system.  No marine sanctuaries are 
involved or would be affected by the proposed action. 

 

5. No municipal or private water supplies would be affected by the proposed action, and no 
degradation of waters of the United States is anticipated to result from the proposed action.  
The proposed construction activity would not have a significant adverse effect on human health 
and welfare, recreation and commercial fisheries, plankton, fish, shellfish, wildlife, or special 
aquatic sites.  No significant adverse effects on life stages of aquatic life and other wildlife 
dependent on aquatic ecosystems are expected to result.  The proposed construction activity 
would have no significant adverse effects on aquatic ecosystem diversity, productivity, and 
stability.  No significant adverse effects on recreational, aesthetic, and economic values would 
occur. 

 

6. The materials used for construction would be chemically and physically stable and non-
contaminating. 

 
7. No other practicable alternative less damaging to the aquatic environment has been identified 

that would address the project goals and objectives better than the preferred alternative.  The 
proposed action is in compliance with Section 404(b)(1) of the Clean Water Act, as amended.  
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The proposed action would not significantly impact water quality.  On the basis of the 
guidelines the proposed disposal site for the discharge of dredged material is specified 
as complying with the inclusion of appropriate and practical conditions to minimize 
pollution or adverse effects to the aquatic ecosystem. 

 

 

        ________________________ ___________________________________ 
  
            (Date)     Thomas E. O’Hara, Jr. 
       Colonel, U.S. Army 
       District Commander 
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MEMORANDUM OF AGREEMENT 
BETWEEN 

THE DEPARTMENT OF THE ARMY 
AND 

THE UNITED STATES FISH AND WILDLIFE SERVICE 
FOR 

TED SHANKS CONSERVATION AREA 
HABITAT REHABILITATION AND ENCHANCEMENT PROJECT 

PIKE COUNTY, MISSOURI 
MANAGED BY MISSOURI DEPARTMENT OF CONSERVATION 

 
 
I.  PURPOSE 
 
     The purpose of this Memorandum of Agreement (MOA) is to 
establish the relationships, arrangements, and general procedures 
under which the U.S. Fish and Wildlife Service (USFWS) and the 
Department of the Army (DA) will operate in constructing, 
operating, maintaining, repairing and rehabilitating the Ted 
Shanks Conservation Area Rehabilitation and Enhancement Project, 
in Pike County, Missouri, a separable element of the Upper 
Mississippi River System - Environmental Management Program 
(UMRS-EMP). 
 
II.  BACKGROUND 
 
 a.  The project lands of the Ted Shanks Conservation Area 
Rehabilitation and Enhancement Project, in Pike County, Missouri 
(outlined in red on Exhibit A) are managed under a cooperative 
agreement between the Department of the Interior, USFWS, and the 
U.S. Army Corps of Engineers, dated 3 May 1954.  Management of 
these project lands has been assumed by the Missouri Department 
of Conservation (MDC) under a successive cooperative agreement 
with the USFWS dated 5 May 1954. 
 
 b.  Section 1103 of the Water Resources Development Act of 
1986, Public Law 99-662, authorizes construction of measures for 
the purpose of enhancing fish and wildlife resources in the Upper 
Mississippi River System.  Under conditions of Section 906(e) of 
the Water Resources Development Act of 1986, Public Law 99-662, 
all construction costs of those fish and wildlife features for 
the Ted Shanks Conservation Area Rehabilitation and Enhancement 
Project, in Pike County, Missouri are 100 percent Federal, and 
pursuant to Section 107(b) of the Water Resources Development Act 
of 1992, Public Law 102-580, 100 percent of the costs of 
operation and maintenance for the Ted Shanks Conservation Area 
Rehabilitation and Enhancement Project, in Pike County, Missouri 
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(outlined in red on Exhibit A) are the responsibility of the MDC 
through their cooperative agreement with the USFWS. 
 
III.  GENERAL SCOPE 
 
     The project to be accomplished pursuant to this MOA shall 
consist of the following: 

• Three water control structures in the exterior levee and 
five interior water control structures  

• A pump station and ditch 
• Four interior berm segments to create three management units 
• Relocating the mouth of Deadman's Slough and installing rock 

riffles & hard points 
• Levee setbacks  
• Hard mast and floodplain tree planting  

 
IV.  RESPONSIBILITIES 
 
 A.  The DA is responsible for: 
 

     1.  Construction:  Clearing and grubbing as needed; 
construction of exterior and interior water control structures, a 
pump station and ditching, interior berm segments to create three 
management units; excavation to relocate the mouth of Deadman's 
Slough; installing rock riffles and hard points; constructing 
levee setbacks; and planting hard mast and floodplain trees.  

 
  2.  Construction Management:  Subject to and using 
funds appropriated by the Congress of the United States, and in 
accordance with Section 906(e) of the Water Resources Development 
Act of 1986, Public Law 99-662, the DA will construct the Ted 
Shanks Conservation Area Habitat Rehabilitation and Enhancement 
Project, as described in the Definite Project Report with 
Integrated Environmental Assessment, Pool 24, Mississippi River 
Miles 284.5 through 288.5, Pike County Missouri, dated May 2011, 
applying those procedures usually followed or applied in Federal 
projects, pursuant to Federal laws, regulations, and policies.  
The USFWS will be afforded the opportunity to review and comment 
on all modifications and change orders prior to the issuance to 
the contractor of a Notice to Proceed.  If DA encounters 
potential delays related to construction of the project, DA will 
promptly notify the USFWS of such delays. 
 
  3.  Maintenance of Records:  The DA will keep books, 
records, documents, and other evidence pertaining to costs and 
expenses incurred in connection with construction of the project 
to the extent and in such detail as will properly reflect total 
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costs. The DA shall maintain such books, records, documents, and 
other evidence for a minimum of 3 years after completion of 
construction of the project and resolution of all relevant claims 
arising there from, and shall make available at its office, at 
reasonable times, such books, records, documents, and other 
evidence for inspection and audit by authorized representatives 
of the USFWS. 
 
 B.  FWS Responsibilities:  Upon completion of construction 
as determined by the District Engineer, St. Louis, the USFWS 
shall accept the project as part of the General Plans lands 
cooperatively managed between the USFWS and MDC. 
 
 C.  Non-Federal Responsibilities: In accordance with Section 
107(b) of the Water Resources Development Act of 1992, Public Law 
102-580, 100 percent of all costs associated with the operation, 
maintenance, and repair of the Ted Shanks Conservation Area 
Rehabilitation and Enhancement Project, in Pike County, Missouri 
(outlined in red on Exhibit A), will be borne by the MDC. 
 
V.  MODIFICATION AND TERMINATION 
 
     This MOA may be modified or terminated at any time by mutual 
agreement of the parties.  Any such modification or termination 
must be in writing.  Unless otherwise modified or terminated, 
this MOA shall remain in effect for a period of no more than 50 
years after initiation of construction of the project. 
 
VI.  REPRESENTATIVES 
 
     The following individuals or their designated 
representatives shall have authority to act under this MOA for 
their respective parties: 
 
 
USFWS:    Regional Director 
          U.S. Fish and Wildlife Service 
          Federal Building, Fort Snelling 
          Twin Cities, Minnesota 55111 
 
DA:       District Engineer 
          U.S. Army Engineer District, St. Louis 
          1222 Spruce Street 
          St. Louis, MO 63103-2833 
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EFFECTIVE DATE OF MOA 
 
This MOA shall become effective when signed by the appropriate 
representatives of both parties. 
 
THE DEPARTMENT OF ARMY        THE U.S. FISH AND WILDLIFE SERVICE 
 
 
 
 
BY: _____________________     BY: __________________________ 
    THOMAS E. O'HARA              TOM MELIUS 
    Colonel, U.S. Army            Regional Director 
    District Engineer             U.S. Fish and Wildlife  
                                  Service 
 
 
DATE: ___________________     DATE: ________________________
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CERTIFICATION OF REVIEW 
 

 
     The Memorandum of Agreement (MOA) for the Ted Shanks Conservation Area 
Rehabilitation and Enhancement Project, in Pike County, Missouri, is legally sufficient. 
 
 
 
 
     ____________________________________________ 
     Office of Counsel 
 
 
 
 
     ____________________________________________ 
     Date  
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1.  INTRODUCTION 
 
This appendix provides documentation of the habitat evaluation and quantification process that 
was conducted to evaluate the benefits of various habitat features for the Ted Shanks 
Conservation Area Habitat Rehabilitation and Enhancement Project (TSCA HREP).  Active 
participants included biologists from the St. Louis District, Corps of Engineers, the U.S. Fish and 
Wildlife Service (Mark Twain Refuge and Southern Illinois Ecological Service Office), the 
Missouri Department of Conservation, and HDR, Inc., the contractor assisting with preparation 
of the Definite Project Report (Table D-1). 
 
Table D-1.  The team that participated in the Habitat Benefits Analysis for the Ted Shanks 
Habitat Rehabilitation and Enhancement Project. 
Team Member Specialty Affliation 
Travis Moore Fishery Biologist Missouri Department of Conservation 
Mike Flaspohler Wildlife Biologist Missouri Department of Conservation 
Karen Westphall Wildlife Biologist U.S. Fish and Wildlife Service 
Matthew Mangan Fishery Biologist U.S. Fish and Wildlife Service 
T. Miller Wildlife Biologist HDR Inc. 
Amanda Oliver Ecologist Corps of Engineers 
 
Quantification is needed in the project planning process to evaluate benefits of project features 
because traditional benefit/cost evaluation is not applicable.  To determine environmental 
restoration project benefits, models have been developed to quantify habitat benefits of project 
features for selected species. 
 
We used both wildlife and fisheries based models to evaluate the effects of project features on 
species at Ted Shanks.  This was done because both wildlife and aquatic would be affected by 
some or all of the proposed features.  For wildlife, we used the Wildlife Habitat Appraisal Guide 
(WHAG) developed by the Missouri Department of Conservation and the U.S. Department of 
Agriculture, Soil Conservation Service (now Natural Resources Conservation Service) (MDC 
and NRCS 1990).  The WHAG was adapted from the U.S. Fish and Wildlife Service’s Habitat 
Evaluation Procedures (USFWS 1976).  WHAG is widely accepted by local agencies, and it has 
become the primary terrestrial habitat evaluation method used in the St. Louis District. 
 
The aquatic model that has gained the most acceptance within the St. Louis District and along 
the entire Upper Mississippi River is the Aquatic Habitat Appraisal Guide (AHAG) (Killgore & 
Hardy 1992; Mathias et al. 1996).  It was developed by the Corps of Engineers Waterways 
Experiment Station (WES) and the Rock Island District Corps of Engineers (Killgore & Hardy 
1992; Mathias et al. 1996).  The AHAG methodology follows that of the Wildlife Habitat 
Appraisal Guide (WHAG; MDC and USDA 1990). 
 
2.  HABITAT EVALUATION METHODOLOGY 
 
The WHAG and AHAG are numerical models that evaluate the quality and quantity of particular 
habitats for species selected by team members (Table D-1).  The qualitative component of the 
analysis is known as the habitat suitability index (HSI) and is rated on a 0 to 1.0 scale, with 
higher values indicating better habitat for that species.  The HSI for a particular habitat type is 
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determined by selecting values that reflect present and future project area conditions from a 
series of abiotic and biotic metrics.  Each value corresponds to a suitability index for each 
species.  Future values are determined using management plans, historical conditions, and best 
professional judgment.  The quantitative component is the number of acres of the habitat being 
evaluated.  From the calculated qualitative and quantitative values, the standard unit of measure, 
the habitat unit (HU) is calculated using the formula (HSI x Acres = HUs).  Habitat units are 
calculated for specific target years to forecast changes in habitat values over the life of the 
project for with- and without-project conditions.  Habitat Units are then annualized to yield the 
Average Annual Habitat Unit (AAHU).  Target years are set to capture the change in habitat that 
occurs with habitat maturation and changes caused by constructed features.  The benefits of each 
proposed project feature (net AAHUs) are then determined by subtracting with-project benefits 
from without-project benefits.  The effects of various habitat improvement feature combinations 
(alternatives) can then be evaluated by comparing the net AAHUs and costs for each alternative 
considered. 
 
2a.  Iterations Process - There are two approaches to evaluating the with-project effects.  Corps 
guidance requires that the team evaluate a suite of features that can be combined in various ways 
to form project alternatives.  One approach to assess the benefits of project features and their 
combinations, alternatives, is to assess the effect of each feature and alternative independently.  
This process is called the iterations process.  For the TSCA HREP the project development team 
(PDT) developed 21 feasible features to meet the project goals.  To determine the habitat units 
created by each feature, the habitat (bottomland hardwood, cropland, non forested wetland, 
aquatic, etc.) affected by the feature would be evaluated using the applicable WHAG 
spreadsheet.  For example, planting bottomland hardwood improves bottomland hardwood 
habitat.  Therefore, this feature would be evaluated using the bottomland hardwood WHAG 
spreadsheet.  This process would result in going through WHAG spreadsheets at least 21 times 
for each target year for each evaluation location.  Additionally for the TSCA project, most of the 
features affect multiple habitats and thus one feature requires going through 2 or 3 spreadsheets 
per target year and evaluation location.  Finally, when features are combined to form alternatives 
the habitat units created are not the sum of the habitat units generated by each feature.  Therefore 
using the iterations process, WHAG spreadsheets should be completed for each feature.  For the 
TSCA HREP, this would result in 100s of spreadsheets. 
 
2b.  Best Possible Project Process - The second approach is to assess the collective effect of the 
most elaborate group of features for the with project evaluation.  This group of features is 
considered to be the best possible project.  Therefore, the with-project evaluation involves going 
through the WHAG and AHAG spreadsheets once for each habitat type for each target year 
considering that all the best possible project features will be built.  With project HUs are then 
subtracted from without HUs to yield net AAHUs.  For the incremental cost analysis, each 
feature is assigned net AAHUs.  To do this, best professional judgment was used to determine 
the percentage of net AAHUs that should go to each feature.  This is done prior to calculating the 
habitat units so that the team is not biased in their decision.  The total of the percentages for all 
best possible project features must equal 100%.  The team then determines what percentage of 
habitat units the other features that are not part of the best possible project would receive.  These 
percentages must always be less than the percentage given to comparable best possible project 
features.  For example, a best possible project alternative could include a 52” water control 
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structure and 100 acres of bottomland hardwood planting.  The team determines that the water 
control structure provides 80% of the habitat units while the planting generates 20%.  Another 
feature of constructing a 26” water control structure instead of the 52” structures would receive 
40% of the best possible project habitat units.  Therefore, the best possible project alternative 
gets 100% of the habitat units but another alternative that includes a 26” water control structure 
and 100 acres of trees would only have 60% of the habitat units.  A major benefit of this 
approach is that it makes the habitat evaluation process manageable for the team.  A second 
benefit is that this process is sensitive enough to reflect differences in habitat units between 
similar features (a 26” versus 52” water control structure).  For EMP-HREP projects, the St. 
Louis District has utilized the best possible project approach.  This approach was used in 
approved and completed projects such as Swan Lake and Batchtown HREPs. 
 
3.  EVALUATION SPECIES SELECTION  
 
To begin the habitat evaluation process, the team reviewed the species in each model.  They 
selected four fish species and four wildlife species (Table D-2).  Species were selected because 
they utilize the current or are anticipated to use the future habitat at Ted Shanks, they represented 
different guilds from different taxonomic families, and they are of management interest.   
 
Table D-2.  Aquatic and wildlife evaluation species selected for analysis. 
Species Scientific Name Family Habitat Type Evaluated 
Aquatic (AHAG) 
Flathead catfish Pylodictis olivaris Ictaluridae Lentic  
Smallmouth Buffalo Ictiobus bubalus Catostomidae Lentic 
Largemouth Bass Micropterus salmoides Centrarchidae Lentic 
White Bass Morone chrysops Moronidae Lotic 
Terrestrial (WHAG) 

Mallard Anas platyrhynchos Anatidae Nonforested Wetland, Cropland, 
Bottomland Forest 

Wood Duck Aix sponsa Anatidae Bottomland Forest 
Least Bittern Ixobrychus exilis Ardeidae Nonforested Wetland 
Prothonotary Warbler Protonotaria citrea Parulidae Bottomland Forest 
 
AHAG species include flathead catfish, largemouth bass, smallmouth buffalo for Horseshoe 
Lake; white bass for Deadman’s Slough, and smallmouth buffalo for the setback location.   
 
Flathead catfish, in the family Ictaluridae, are carnivorous fish that dwell in slackwater areas 
along the bottom of perennial large streams, rivers, and lakes (Pflieger 1997).  They were chosen 
to represent the catfish family, which is of management interest. 
 
Buffalo fish, in the family Catostomidae, are the second most important commercial fish in 
Missouri.  These fish feed on organisms in the substrate of large rivers and lakes.  Smallmouth 
buffalo was chosen for Horseshoe Lake and the setback location because they are a common 
native species in the area.   
 
Largemouth bass are in the family Centrarchidae.  They are a predatory warm water sport fish 
that inhabit side channels and backwaters and utilize submerged structures for cover.  Horseshoe 
Lake management efforts will target this species among others. 
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White bass are in the family Moronidae.  These fish occur in rivers and connected lakes.  The 
white bass and other members of the lotic-large fishes group (blue sucker, shorthead redhorse 
and smallmouth bass) prefer rock or gravel substrate and swift currents for spawning.  Many of 
the narrow, fast flowing, gravel/cobble-bottomed side channels these species prefer have 
disappeared for a variety of reasons since the construction of the locks and dams and a lack of 
suitable spawning habitat may be one reason these species have declined.    The white bass was 
chosen because project features, if implemented would provide areas with rock substrate and 
swift current adjacent to slack water.   
 
WHAG species include mallards, which are a migratory waterfowl species that utilize early 
successional nonforested wetland habitat.  They also forage in bottomland forest and cropland.  
Mallards are an important game species and a focus of site management efforts.  The wood duck 
is another migratory waterfowl species whose primary habitat is forested wetlands.  Unlike 
mallards, wood ducks utilize mature forest snags and cavity trees for nesting on the site.  The 
least bittern uses permanent wetlands as well as mid successional nonforested wetland habitats.  
It is listed by MDC as a species of concern (MNHP 2009).  The prothonotary warbler is a 
neotropical migratory songbird that uses bottomland forest habitats closely associated with water 
for feeding, nesting, and shelter.      
 
4.  SITE SPECIFIC METHODOLOGY AND ASSUMPTIONS  
For the purpose of planning, design, and impact analysis, project life was established as 50 years.  
The team determined target years to forecast habitat change: 0 (existing conditions), 1, 5, 25, and 
50 years post construction.  HSIs and average annual habitat units (AAHUs) were calculated at 
each of these target years.   
 
4a.  WHAG Analysis Locations - The team then determined what habitats would be affected by 
the project features and locations in the project area to evaluate these changes.  The following 
WHAG spreadsheets were used: non-forest, cropland, and bottomland hardwood wetlands.  
There were five evaluation locations; one in the center of each of the future management units, 
one in the setback area, and one in the center of the existing Nose Slough Unit (Table D-3).  
These locations were chosen because the habitat in these areas differs.  The setback areas support 
bottomland hardwood forest with ridge and swale topography created by Salt River meandering.  
The proposed Horseshoe Northwest (NW) Unit area supports the largest lake on TSCA.  The 
remainder of the area has sporadic trees throughout the herbaceous wetland.  The proposed 
Horseshoe NE Unit area contains forested ridges interspersed with herbaceous wetland.  The 
proposed Horseshoe S Unit area contains large expanses of scrub/shrub wetland interspersed 
with open water.  The existing Nose Slough Unit’s water levels are managed differently from 
those in the Horseshoe Unit.  This unit also supports a large expanse of bottomland hardwoods 
growing on the alluvial fan of the Salt River. 
  
Table D-3.  Habitat benefits analyses worksheets used for each evaluation location. 

Habitat NW 
AHAG 

Nose Slough 
WHAG 

NW 
WHAG 

NE 
WHAG S WHAG Setback 

WHAG 
Non-forested Wetland X  X X X  
Cropland X  X X X  
Bottomland hardwood X X X X X X 
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4b.  AHAG Analysis Locations - For the AHAG, the 1992 AHAG was used to evaluate aquatic 
areas in Horseshoe NW because the fish species in this model are better suited to current and 
future habitat within this unit.  These species are not included in the 1996 AHAG.  The 1996 
AHAG was used to evaluate the aquatic benefits of the setback areas and Deadman’s Slough.  Its 
metrics are better suited for flowing water habitat. 
 
4c.  Best Possible Project Features - Once species, habitats, target years, and locations were 
chosen, the team determined that the best possible project method was the most suitable for the 
habitat benefits analysis at Ted Shanks.  The team then determined the best possible project 
features, which are bolded and starred in Table D-4.  The applicable habitat benefits evaluations, 
locations and percentages are also shown.  For example, the HSI from the AHAG evaluation at 
Deadman’s Slough would not apply to a feature to plant bottomland hardwood forest in 
Horseshoe NW (Table D-4).  To determine the percentage of habitat benefits for each feature, 
the team used their extensive knowledge of the project area, its biology, and best professional 
judgment (Table D-4).  The percentages were determined by how well the feature addressed the 
problems, goals, and objectives discussed in the DPR (Table D-16).  For the Wildlife Habitat 
Appraisal Guide benefits, the team determined that improving site drainage was most important. 
Without better drainage, every overtopping flood would degrade all other habitat improvements.  
The second most important features were the management units and pump station.  The 
management units would allow the different habitats to be managed independently promoting 
high quality habitat and diversity.  The pump station would allow staff to optimize water delivery 
and assist with site drainage.  Tree planting only received a small percentage because, with 
improved water drainage, trees may begin to regenerate.   
 
Aquatic habitat benefits for the Horseshoe Lake location were divided between the management 
units and the deep holes.  Creating three management units received a larger percentage because 
this would place Horseshoe Lake in its own management unit.  This unit would then be managed 
for fish benefits.  For Deadman’s Slough, the team believed that opening the slough’s mouth 
would help maintain the channel.  The rock structures would also help maintain the channel and 
add side channel rock habitat which would benefit spawning and rearing fish.   
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Table D-4.  The habitat benefits evaluations by location, the features that they applied to, and the 
percentage of habitat benefits that would go to each feature.  The habitat types (non-forest, 
cropland, bottomland) for each location were applied uniformly and thus only location is 
represented here.   

Feature 

Location, Habitat Analysis Method, Percentage 
HUs per Feature 

Setback 
A

H
A

G
 

D
eadm

an 
A

H
A

G
 

N
W

 A
H

A
G

 

N
ose Slough 
W

H
A

G
 

N
W

 W
H

A
G

 

N
E W

H
A

G
 

S W
H

A
G

 

Setback 
W

H
A

G
 

Exterior levee restoration No habitat units are generated for this feature 
Levee restoration with Corps setbacks 100       100 
Setback N. levee to MDC proposed location* 100       100 
Setback S. levee to MDC proposed location* 100       100 
Setback N. levee to Corps proposed location 100       100 
Setback S. levee to Corps proposed location 100       100 
External water drainage*    25 45 45 50  
Nose Slough water control structures*    25     
Deep holes in Horseshoe Lake*   25      
Plant hard mast in Horseshoe NE*      5   
Plant hard mast in Horseshoe NW*     5    
Electric Pump*  
Diesel Pump    50 25 25 25  

Create N and S management units     15 15 25  
Create 3 management units*   75  25 25 25  
Move mouth of Deadman’s Slough 
Move mouth and install riffles 
Move mouth, install riffles and hardpoints* 

 25       
 90       
 100       

Plant floodplain forest in Horseshoe NE These features were added after the original 
analysis.  The development of their habitat units 
is described in section 4e vii below. 

Plant floodplain forest in Horseshoe NW 
Plant floodplain forest in Horseshoe S 
Degrade exterior levee No habitat units are generated for this feature 
* Features that were determined to make up the best possible project. 
 
Prior to field evaluation, the evaluation team was briefed on the area’s hydrogeomorphology, 
history and management practices.  They also reviewed aerial photography, topographic maps, 
and preliminary design drawings.  During field evaluation, assumptions were developed 
regarding existing conditions and projected post-project conditions relative to limiting factors 
and management practices (see below).  They then determined the WHAG and AHAG 
spreadsheet metric values for each target year for with project and without project conditions.   
 
The following general assumptions and information were used to determine WHAG and AHAG 
values and acreage. 
 

D-6



4d.  General Assumptions and Habitat Characteristics 
i. Target years of 0 (baseline condition), 1, 5, 25, and 50 (future without and future with 

project conditions) are sufficient to analyze HUs and characterize habitat changes over the 
estimated project life. 

 
ii. Four floods have overtopped the levee in the last 50 years: 1973, 1993, 2001, 2008.  It was 

assumed that four more floods will overtop the levee over the project life, the next 50 
years.   

 
iii. The duration, and severity of Mississippi River floods have increased due to changes in 

floodplain management.  Additionally, navigation pool formation has increased 
sedimentation within the pools and side channels.  The water control structure that drains 
Horseshoe Unit into Deadman’s Slough is undersized causing flood waters to pond on the 
Horseshoe Unit increasing the severity of flood impacts.  During future flood events, the 
project will allow for faster removal of flood waters reducing impacts from inundation and 
sedimentation. 

 
iv. After the flood of 1993, tree mortality was 100% in some pin oak flats due to inability to 

adequately drain flood waters.  Indirectly, flooding led to reed canary grass domination. 
Floods killed off the over story which historically shaded and reduced the water table in the 
Horseshoe Unit.  This provided the damp full sun conditions reed canary grass needs to 
thrive.  Tree mortality along sloughs has led to increased sun and wind exposure increasing 
water temperature and turbidity.  Additionally, sloughs have lost vegetative nutrient input.  

 
v. Sedimentation occurred as a result of past flooding and severity increased due to prolonged 

inundation from insufficient drainage.  Continued sedimentation would impair the ability to 
drain the lower end of TSCA. 

 
vi. MDC would continue to provide funds to control reed canary grass.   

 
vii. We assume without the project, water control structures and the ability to manipulate water 

levels within the Horseshoe Unit would fail by year 25.  Without water management 
ability, wetland vegetation will be heavily degraded by year 25.  Additionally, failure of the 
Deadman’s Slough water control structure will result in wetter conditions across 1/2 - 2/3 of 
Ted Shanks favoring reed canary grass and limiting tillage options.  This will impact food 
plot acreage.  In wet years, there will be no food plots while in drier years, food plot 
acreage will remain at existing levels.  This would also decrease wildlife usage because 
plants cannot be reliably grown or made available for forage.     

 
viii. With levee setbacks, setback areas would retain baseline habitats in target year 1.  By target 

year 5, early successional forest will cover the sites.  By year 25 the sites will have all 
structural characteristics of forest habitat, though not fully mature forest.  By target year 50, 
the sites are assumed to have structural characteristics of mature bottomland hardwood 
forest.   
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ix. With the project, water control structures would operate and be operated more effectively 
than without the project throughout the 50-year planning period.   

 
x. We assumed that operation of Ted Shanks would continue under the current management 

plans and objectives for the life of the HREP. 
 

4e.  Site and Feature Specific Assumptions 
i. Levee restoration feature. 

 It was assumed that no habitat units would be generated from this alternative.  The levee 
already provides almost a 50 yr level of protection.  Additionally, levee restoration would 
require the removal of the last remaining quality bottomland hardwoods at Ted Shanks 
Conservation Area and removal of several acres of forested wetlands. 

 
ii. Rebuild levee with Corps setbacks feature. 

This feature is the same as the levee restoration with the addition of building the setback 
levee and degrading the existing levee in this area.  Therefore, this alternative is assumed to 
generate the same habitat units as the Corp setback alternative. 

 
iii. Levee setbacks location.   

 WHAG Evaluation – We chose to evaluate this feature using the bottomland hardwood 
spreadsheet because bottomland hardwood survival is one of the major reasons for the 
setbacks.  Since the 1993 flood, bottomland hardwood trees growing below elevation 453.5 
have continued to decline and die within the leveed portions of Ted Shanks while trees 
outside the levee have survived.  It is assumed that without the setbacks, all bottomland 
hardwoods below 453.5 within the setback area would die by year 25.  With the project, all 
existing forested areas would survive. 

 
 AHAG Evaluation - Levee setbacks would increase the area available to spring flooding 

and fish spawning along the Salt River.  Stage data and topographic surveys indicate that 
overbank flooding would occur on land outside of the new levee three out of every four 
years.  Thus this area would provide habitat to spawning and rearing fish during these 
times.  The acreage of land that would be placed outside the setback was used in the 
calculation of AAHUs.  Calculated AAHU’s were reduced by 25% because overbank 
flooding does not occur every year. 

 
iv. Horseshoe Unit location. 

 AHAG Evaluation - Without the project, management of game fish is poor and will remain 
poor in the future in Horseshoe Lake.  Without improved drainage, water will back up onto 
Horseshoe Unit causing increased sedimentation.  Fisheries would continue to decline with 
loss of depth from sedimentation and inability to exclude invasive species.  With the 
project, Horseshoe NW unit would be formed.  Site managers indicate this unit would be 
managed for game fish and water levels would be held steady during spawning.  Proposed 
water control structures would be designed to prevent river fish from entering the unit thus 
preventing/reducing invasive species colonization.   
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 WHAG Bottomland Hardwood Evaluation - The Horseshoe Unit at Ted Shanks was 
primarily hardwood forest prior to tree mortality.  Therefore, we assumed that surviving 
forests at Ted Shanks are bottomland hardwood forests.  Few new trees have regenerated 
due to the invasion of reed canary grass and potentially insufficient seed bank.  Therefore, 
these remnant forests will persist at their current size with or without the project.  With 
project, we assumed that areas above 452’ NGVD would regenerate to floodplain forest.  
Areas > 0.5 acres and above 453.5’ NGVD in Horseshoe NW and NE would be replanted 
with bottomland hardwoods.  It was assumed bottomland hardwoods would not regenerate, 
and planting is ineffective in small areas.  All other areas at suitable elevations would 
regenerate to floodplain forest.  The bottomland hardwood wetland WHAG evaluation was 
used to evaluate floodplain forest because the questions are general enough to apply to all 
forest types, and no other forest evaluation was available.   

 
 Root pruned containerized swamp white oaks planted in the northern portion of Ted Shanks 

began producing acorns after three years.  Thus we assumed that bottomland hardwood 
reforestation areas would begin producing acorns after five years.  Literature indicates that 
after 5 – 9 years, some forest dwelling bird species (particularly the prothonotary warbler) 
colonize primary successional forest such as floodplain forest.  Therefore after 5 years, we 
can expect the floodplain forest to provide forest habitat. 

 
 WHAG Cropland Evaluation – We assumed that water control structures would fail after 

25 years.  Site managers thought regional conditions without water control would result in 
60% of years being too wet to plant; all planting would occur during other years.  Future 
management plans include cropping 10% of each subunit in 25 years. 

 
v. Nose Slough. 

 WHAG Bottomland Hardwood Evaluation 
 Nose Slough would be managed for bottomland hardwoods similar to Horseshoe NE 

subunit. With project, managers would have the capability to hold water levels lower to 
promote tree survivorship.  We assumed all existing forest acres would remain forested 
with or without project.  With project, we assumed that areas above 452 would regenerate 
to forest. 

 
 WHAG Cropland Evaluation – The assumptions and methodology were the same as those 

for the Horseshoe Unit location.  
 

vi. Deadman’s Slough location.   
 AHAG Evaluation - According to MDC personnel, water depth in the lower end of the 

slough is approximately 1.5 feet and the slough is rarely accessible by boat.  Bathymetry 
data collected in 2008 indicates that there is 4 – 6’ of depth in the center of the slough that 
could provide overwintering habitat.  However, this may be accessible only to fish within 
the slough.  Without the project, we assumed sedimentation would continue within 
Deadman’s Slough reducing depth and leading to more frequent summer and winter kills.  
We assumed the lower end will close off in 10 years (MDC pers. comm.) and in 50 yrs, the 
upper end will no longer be connected to the river.  With the project, the mouth of the 
slough would be moved below the existing wing dike.  We assume this dike would provide 
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scour that would keep the mouth of the slough open.  Rock structures within the channel 
would maintain channel depth. 

 
 As water levels rise above Pool 24 flat pool elevation, low areas at the south end of TSCA, 

all of Angle and Blackburn Islands and along the north bank of the Salt River become 
inundated.  Inundation of the entire nonleveed area appeared to be nearly complete at a 
flood stage of about two feet on 18 April 2008.  Inclusion of the nonleveed forest acres is 
justified because the larva of the white bass and other pelagic species float in the current 
until they find a quiet area with little current where they remain until absorption of the yolk 
sac.  The forest area south of Deadman’s Slough when flooded provides low flow habitat 
with high levels of organic matter and invertebrates.  White bass spawned in Deadman’s 
Slough would have the opportunity to utilize this high quality habitat and then disperse as 
water levels recede.  We consulted with planners and project managers in the St. Louis and 
Rock Island districts to determine whether project benefits had ever been calculated outside 
of the actual footprint of a completed EMP project and found that it had been done to a 
limited degree.  The NESP Science Panel has discussed this issue in some detail, but has 
not addressed how impacts to adjacent habitats might be quantified in lotic situations.  
They have discussed how the impacts may be extrapolated for island creation, based upon 
the Pool 8 EMP project.  MVR has also documented the contribution of backwaters, 
isolated by EMP project features, in providing larval fish to the Illinois River.  This has 
been noted in several other instances, as well.  Planners, managers, and biologists, 
including the NESP Science Panel, agree that there are significant benefits to the riverine 
system beyond project boundaries as a result of completed EMP projects.  Thus, we feel the 
inclusion of the nonlevee areas adjacent to Deadman’s Slough is justified.  

 
 HSIs for spawning, rearing, and juvenile/adult were calculated.  These three were averaged 

and multiplied by the area encompassed by Deadman’s Slough.  Additionally, the 
spawning and rearing HSIs were averaged and multiplied by the acreage of the nonleveed 
forest adjacent to Deadman’s Slough.  This number was then multiplied by two thirds 
because it does not include the juvenile/adult stage and by 75% because the area floods 
three out of every four years.  Flood frequency information for the period from 1989 
through 2008 (20 years) reveals that there were five years (25%) during the period when 
there was not a spring flood.  Consequently, it is appropriate to reduce the AAHU’s 
computed by 25% to account for those years.  The two habitat unit calculations were then 
added together.   

 
vii. Planting floodplain forest features. 

 WHAG Bottomland Hardwood Evaluation – Three features to plant floodplain forest in 
each of the three proposed management units were added after the completion of the 
WHAG analysis.  To generate HUs for these features, a “planted” bottomland hardwood 
wetlands WHAG was conducted in the three management unit locations.  For this analysis, 
the team assumed that the best possible project and the floodplain forest would be 
implemented.  To determine the HSI for planting floodplain forest, the best possible project 
bottomland hardwood WHAG values were subtracted from the “planted” bottomland 
hardwood wetland WHAG value.  We assumed that root pruned containerized planted 
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floodplain forest would begin providing shade and soft mast forage after a year of growth 
while naturally regenerating forest would begin providing benefits at year five.   

 
viii. Levee degrade feature. 

 It was assumed that no habitat units would be generated from this alternative.  Degrading 
the existing levee would require the removal of the last remaining quality bottomland 
hardwoods at Ted Shanks Conservation Area and impact several acres of forested wetlands.  
Removing the levee would also prevent site management.  It would likely lead to 
floodplain forest dominance and a degradation of existing water bodies because Ted 
Shanks is in the deposition zone of Pool 24. 

 
4f.  HSI Calculation and Acreage Determination - Habitat suitability indices were calculated for 
each species.  In evaluations that included multiple species, the HSIs were average and then 
multiplied by the appropriate acreage to generate HUs.  Topographical data, management plans, 
land coverage data files, and aerial photography were used to determine acreage (Table D-5).  
HUs were then annualized to yield AAHUs for with and without project (Table D-6 - 8).    
 
Table D-5.  The methods used to determine the acreage of each of the different evaluation 
locations. 

Aquatic Acres Calculation 
Horseshoe Unit The aquatic area of Horseshoe Lake as represented in the Landcover 2000 

Deadman's Slough  
The aquatic area for the slough and the terrestrial area of Angle and Blackburn Island as 
represented in the Landcover 2000 & ESRI Surface water datasets.  The Deadman’s Slough 
fishery would utilize the flooded island habitat for spawning and rearing. 

Deadman's Slough 
W/O 25 & 50 No acreage; the slough no longer supports fish. 

N. Corp setback 
Landcover 2000 terrestrial area bounded by the Salt River and the proposed N. Corps new 
levee centerline.   This area would be flooded when the river exceeds 453 amsl which occurs 
approximately 3 out of every 4 years with the project.  Thus, HUs were multiplied by 75%. 

S. Corp 
Landcover 2000 terrestrial area bounded by the Salt River and the proposed S. Corps new 
levee centerline.  This area would be flooded when the river exceeds 453 amsl which occurs 
approximately 3 out of every 4 years with the project.  Thus, HUs were multiplied by 75%. 

N. MDC 
Landcover 2000 terrestrial area bounded by the Salt River and the proposed N. MDC new 
levee centerline.  This area would be flooded when the river exceeds 453 amsl which occurs 
approximately 3 out of every 4 years with the project.  Thus, HUs were multiplied by 75%. 

S. MDC 
Landcover 2000 terrestrial area bounded by the Salt River and the proposed S. MDC new 
levee centerline.  This area would be flooded when the river exceeds 453 amsl which occurs 
approximately 3 out of every 4 years with the project.  Thus, HUs were multiplied by 75%. 
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Table D-5. cont. 
Terrestrial Acres Calculation 

Total NW, NE, & S 
Acres 

Calculated by taking the centerline of the exterior levee as the outside boundary, digitizing the 
approximate center of the existing berms, and digitizing proposed new berm placement. 

Existing Forest Pre-digitized forest from Landcover 2000 was modified using 2006 NAIP imagery. 
Existing Cropland Provided by the site manager 

Existing Non-forest Calculated by subtracting the sum of existing forest and cropland acreages from the total 
acreage 

Future W/O forest This was the same as existing forest 

Future W/O cropland 
Determined in conversation with the site manager.  Failure of water control structures after 25 
years would result in 60% of years being too wet to plant while 40% would have the same 
acreage as existing cropland.  Thus, existing acres were multiplied by 0.4. 

Future W/O Non-
forest 

Calculated by subtracting the sum of future without forest and cropland acreages from the total 
acreage 

Future W Floodplain 
Calculated from topographic data.  Future floodplain forest acres include all non-forested acres 
with elevations from 452 - 453.49 without infrastructure and 65 ft from proposed levees.  
Forest will establish in 5 yrs without planting 1 yr with planting. 

Future W Planted 
Hardwood 

Calculated from topographic data.  All areas > 0.5 acres without infrastructure and 65ft from 
levees at 453.5+. 

Future W Total 
Hardwood The sum of planted hardwood acreage and existing hardwood acreage 

Future W Cropland 
(25 yrs) 

Site manager’s  estimated that in 25 years cropland within each subunit would be 10% of the 
total NW, NE, and S management unit’s acreage 

Future W Non-forest 
5yrs 

Calculated by subtracting sum of existing hardwood, cropland & future forest from the total 
acres. 

Future W Non-forest 
25yrs 

Calculated by subtracting sum of existing forest & future cropland, floodplain, and hardwood 
forest from the total acres. 

Permanent Water Calculated using the 2000 Landcover data 

 
Acreage of non-forested and forested areas for the Horseshoe NW and Horseshoe S evaluation 
location changed depending on whether the setbacks were present (Table D-6 - 8).  Trees would 
be planted in the areas inside the management units only.  Thus the acreage of planted trees does 
not change with or without the setbacks.  The acreage of cropland also is not affected by whether 
the setbacks are present or not.  Because the setbacks reduce the non-forested acreage within the 
management units, the habitat units of the management unit features decrease when the setbacks 
are present.  The setback features’ habitat units are generated by considering if the trees were left 
inside the levee versus placing the trees outside the levee.   
 
For cropland acreage, site managers provided the acres of currently cropped land and the desired 
future acreage.   
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Table D-6.  The acres of habitat existing and without the project.  It was assumed that without 
the project, the acres of habitat at year 1 and 5 would be the same as existing. 

  
Location 

Existing Future Without (Yr 25 and 50) 
Hardwood 

Forest Cropland Non-
forest 

Hardwood  
Forest Cropland Non-

forest 
Nose Slough 314.80 66.00 441.68 314.80 26.40 481.28 
Horseshoe NW No SB1 71.03 80.00 412.50 37.70 32.00 493.84 
Horseshoe NE No SB1 24.78 75.00 485.43 24.78 30.00 530.43 
Horseshoe S 37.64 140.00 826.85 8.14 56.00 940.34 
Horseshoe NW w MDC SB1 37.70 80.00 329.87 37.70 32.00 377.87 
Horseshoe NW w Corp SB1 40.33 80.00 392.79 37.70 32.00 443.42 
Horseshoe S w MDC SB1 8.14 140.00 688.64 8.14 56.00 772.64 
Horseshoe S w Corp SB1 12.11 140.00 771.73 8.14 56.00 859.70 
MDC N. Setback 33.34 0.00 82.63 0.00 0.00 115.97 
MDC S. Setback 28.71 0.00 139.00 0.00 0.00 167.70 
Corps N. Setback 27.66 0.00 22.76 0.00 0.00 50.42 
Corps S. Setback 23.98 0.00 56.66 0.00 0.00 80.64 
1.  SB = Setback 
 
Table D-7.  The acres of aquatic habitat existing and without the project.  It was assumed that 
without the project, the acres of habitat at year 1 and 5 would be the same as existing. 

AHAG 
Location Existing Future Without 

(Yr  25 and 50) 
Future With 
(Yr 1 - 50) 

Horseshoe Lake 99.48 99.48 99.48 
Deadman's Slough 
Spawning/Rearing 490.40 0 490.40 

Deadman's Slough 
Juvenile/Adult 53.46 0 53.46 

N. Corp 0 0 50.42 
S. Corp 0 0 80.64 
N. MDC 0 0 115.97 
S. MDC 0 0 167.70 
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Table D-8.  The acres of habitat with the project.  For all features except planted floodplain forest, it was assumed that with the 
project, the acres of habitat at year 1 would equal existing.  For planted floodplain forest, the year 5 total forest acreage was used. 

 Future With Yr 5 Future With Yr 25 and 50 

Location Floodplain 
Forest 

Total 
Forest Non-forest Non-forest Additional 

Hardwood 
Total 

Hardwood 
Total 
Forest Cropland 

Nose Slough 0.00 314.80 441.68 322.48 185.20 500.00 500.00 0.00 
Horseshoe NE 171.50 196.28 313.92 303.62 26.78 51.56 223.06 58.52 
Horseshoe S No SB1 167.44 205.08 659.41 728.46 0.00 8.14 175.58 100.45 
Horseshoe S w Corp SB1 167.44 179.55 604.29 647.81 0.00 8.14 175.58 100.45 
Horseshoe S w MDC SB1 167.44 175.58 521.20 560.75 0.00 8.14 175.58 100.45 
Horseshoe NW No SB1 125.45 196.49 287.05 326.27 17.77 55.46 180.91 56.35 
Horseshoe NW w Corp SB1 125.45 165.78 267.34 275.85 17.77 55.46 180.91 56.35 
Horseshoe NW w MDC SB1 125.45 163.15 204.42 210.30 17.77 55.46 180.91 56.35 
MDC N. Setback 17.20 50.54 65.43 65.43 0.00 33.34 50.54 0.00 
MDC S. Setback 18.86 47.56 120.14 120.14 0.00 28.71 47.56 0.00 
Corps N. Setback 7.30 34.96 15.46 15.46 0.00 27.66 34.96 0.00 
Corps S. Setback 5.18 29.16 51.48 51.48 0.00 23.98 29.16 0.00 

1.  SB = Setback 
 
5.  RESULTS 
Each setback (N. MDC, N. Corps, S. MDC, and S. Corps) has a different acreage but the same HSI.  Additionally, when each setback 
is combined with the management unit feature, it reduces the acreage of the management unit.  To account for this, habitat units were 
generated for all possible combinations of management units and setbacks.   
 
Table D-9.  With, without and net average annualized habitat units determined using the WHAG evaluation for the north setback 
evaluation location.  Habitat units differ between setbacks due to changes in acreage.   

WHAG 
Evaluation   Mallard Least 

Bittern 
Wood 
Duck 

Prothonotary 
Warbler Avg. 

N. MDC  With 0.08  31.72 34.14   
Setback W/out 5.69  6.15 6.71   

Bottomland Net -5.61  25.57 27.43 15.80 
N. Corps  With 0.07   22.09 23.77   
Setback W/out 4.72   5.10 5.57   

Bottomland Net -4.65   16.99 18.21 10.18 
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Table D-10.  With, without and net average annualized habitat units determined using the 
WHAG evaluation for the south setback evaluation location.  Habitat units differ between 
setbacks due to changes in acreage.   

WHAG 
Evaluation   Mallard Least 

Bittern 
Wood 
Duck 

Prothonotary 
Warbler Avg. 

S. MDC  With 0.07  29.77 32.04   
Setback W/out 4.90  5.30 5.78   

Bottomland Net -4.83  24.47 26.27 15.30 
S. Corps  With 0.06   18.45 19.86   
Setback W/out 4.09   4.43 4.83   

Bottomland Net -4.04   14.03 15.03 8.34 

 
Table D-11.  With, without and net average annualized habitat units determined using the 
WHAG evaluation for the Horseshoe NW evaluation location.   

WHAG 
Evaluation   Mallard Least 

Bittern 
Wood 
Duck 

Prothonotary 
Warbler Avg. 

Horseshoe NW 
Cropland 

With 54.36         
W/out 17.23      

Net 37.13       37.13 

Horseshoe NW 
No Setback 
Nonforest 

With 154.00 227.23       
W/out 25.83 81.19       

Net 128.16 146.04     137.10 
Horseshoe NW 

with Corps Setback 
Nonforest 

With 133.41 198.06     
W/out 24.28 76.31     

Net 109.13 121.75   115.44 
Horseshoe NW 

with MDC Setback 
Nonforest 

With 102.37 152.65       
W/out 20.60 64.73       

Net 81.77 87.91     84.84 
Horseshoe NW 

No Setback 
Bottomland 

With 128.52   72.79 66.76   
W/out 12.00  6.98 6.58   

Net 116.52   65.81 60.19 80.84 
Horseshoe NW 

with Corps Setback 
Bottomland 

With 122.36   71.63 65.68   
W/out 7.80   6.91 6.51   

Net 114.56   64.72 59.17 79.48 
Horseshoe NW 

with MDC Setback 
Bottomland 

With 121.83   71.53 65.59   
W/out 7.32  6.46 6.09   

Net 114.51   65.07 59.50 79.69 

Horseshoe NW* 
Planted Forest 

With 126.48   71.53 85.74   
W/out 114.51   65.07 59.50   

Net 11.97   6.46 26.24 14.89 
* With project values were calculated assuming floodplain forest would be planted.   
Without values were calculated assuming natural regeneration. 
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Table D-12.  With, without and net average annualized habitat units determined using the 
WHAG evaluation for the Horseshoe NE evaluation location.   

WHAG 
Evaluation   Mallard Least 

Bittern 
Wood 
Duck 

Prothonotary 
Warbler Avg. 

Horseshoe NE 
Cropland 

With 56.17         
W/out 16.16      

Net 40.01    40.01 

Horseshoe NE 
Nonforest 

With 182.10 212.64       
W/out 29.73 93.42       

Net 152.38 119.21     135.79 

Horseshoe NE 
Bottomland 

With 151.94   35.65 69.86   
W/out 4.67  4.25 4.00   

Net 147.27  31.40 65.86 81.51 

Horseshoe NE 
Planted Forest 

With 158.72   35.65 92.97   
W/out 147.27   31.40 65.86   

Net 11.46   4.25 27.11 14.27 
* With project values were calculated assuming floodplain forest would be planted.   
Without values were calculated assuming natural regeneration. 
 
Table D-13.  With, without and net average annualized habitat units determined using the 
WHAG evaluation for the Horseshoe S. evaluation location.   

WHAG   Mallard Least Wood Prothonotary Avg. Evaluation Bittern Duck Warbler 

Horseshoe S 
Cropland 

With 93.06         
W/out 30.16 

   
  

Net 62.9       62.9 

Horseshoe S 
Nonforest 

With 148.93 532.27       
W/out 51.12 160.68       

Net 97.81 371.59     234.7 
Horseshoe S 

with Corps Setback 
Nonforest 

With 133.92 478.48       
W/out 47.59 149.56 

  
  

Net 86.33 328.92     207.63 

Horseshoe S 
with MDC Setback 

Nonforest 

With 116.27 415.34       
W/out 42.71 134.25       

Net 73.55 281.09     177.32 

Horseshoe S 
Bottomland 

With 125.97   71.18 65.3   
W/out 5.86 

 
1.85 1.75   

Net 120.11   69.33 63.56 84.33 

Horseshoe S 
with Corps Setback 

Bottomland 

With 120.85   70.22 64.4   
W/out 2.44   2.08 1.96   

Net 118.41   68.15 62.45 83 

Horseshoe S 
with MDC Setback 

Bottomland 

With 120.05   70.07 64.26   
W/out 1.72 

 
1.39 1.31   

Net 118.33   68.68 62.95 83.32 

Horseshoe S 
Planted Forest 

With 126.07   70.07 85.17   
W/out 118.33   68.68 62.95   

Net 7.74   1.39 22.23 10.45 
* With project values were calculated assuming floodplain forest would be planted.   
Without values were calculated assuming natural regeneration.  
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Table D-14.  With, without and net average annualized habitat units determined using the 
WHAG evaluation for the Nose Slough evaluation location. 

WHAG 
Evaluation   Mallard Least 

Bittern 
Wood 
Duck 

Prothonotary 
Warbler Avg. 

Nose Slough 
Cropland 

With 17.50         
W/out 14.22      

Net 3.28    3.28 

Nose Slough 
Nonforest 

With 204.95 240.34       
W/out 27.03 84.95       

Net 177.92 155.40     166.66 

Nose Slough 
Bottomland 

With 329.74  97.60 197.88   
W/out 61.16  50.73 78.70   

Net 268.58   46.87 119.18 144.88 
 
AHAG habitat units were calculated at the three evaluation locations (Table D-15).  Species 
were selected because they utilize the current or are anticipated to use the future habitat at Ted 
Shanks; they represented different guilds from different taxonomic families and because they are 
of management interest.   
  
Table D-15.  With, without and net average annualized habitat units determined using the 
AHAG evaluation in four locations: Horseshoe NW, Deadman’s Slough, north setback and south 
setback.    

Location Net AAHU for AHAG Evaluation 
  White Bass S. Buffalo F. Catfish L. Bass Sum 

Horseshoe NW 
With  72.44 74.58 65.68   

Without  56.86 61.07 46.15   
Net   15.58 13.51 19.53 48.62 

Deadman's 
Slough 

With 249.90      
Without 67.64      

Net 182.49       182.49 

N. Corps 
Setback 

With   31.09       
Without  0.00     

Net   31.09     31.09 

S Corps Setback 
With  49.73     

Without  0.00     
Net   49.73     49.73 

N. MDC 
Setback 

With  71.51     
Without  0.00     

Net   71.51     71.51 

S. MDC 
Setback 

With  103.42     
Without  0.00     

Net   103.42     103.42 
 
For ICAs, alternatives can consist of all possible combinations of the project features (Table D-
4).  However for this project, some features cannot be combined.  Those features that cannot be 
combined are given the same letter, thus an alternative can consist of one or multiple features 
with different letters (Table D-16).  For example, a north Corp and a north MDC levee setback 
could not be combined in one alternative.  Additionally, some features when combined generated 
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habitat units that were not the sum of their individual habitat units.  For example, a north levee 
setback reduces the acreage of the adjacent management unit and thus reduces the habitat units 
of that management unit.  Therefore, all possible combinations of setbacks and management 
units were generated and assigned an ICA letter.  All these combinations were then incorporated 
into the ICA.  
 

Table D-16.  The project feature code for the incremental cost analysis, the project feature 
description, how the habitat units were determined, and the net average annualized habitat 
units. 

ICA 
Code Abbrev Description Net AAHU Allocation AAHUs 

A1:   Levee restoration None 0.00 
        
B2:   Restore w Corps setbacks  N and S Corp setback AHAG & WHAG 99.34 
        
B3:   Setback N MDC & degrade levee N MDC setback AHAG & WHAG 87.31 
        
B4:   Setback S MDC & degrade levee S MDC setback AHAG & WHAG 118.72 
        
B5:   Setback N Corps & degrade levee N Corp setback AHAG & WHAG 41.27 
        
B6:   Setback S Corps & degrade levee S Corp setback AHAG & WHAG 58.07 
        
B7: N & S Corps setback  N & S Corp setback AHAG & WHAG 99.34 
        
B8: N & S MDC setback  N & S MDC setback AHAG & WHAG 206.03 
      

 B9: N Corps & S MDC setback N Corp & S MDC setback AHAG & WHAG 159.99 
        
B10: N MDC & S Corps setback  N MDC & S Corps setback AHAG & WHAG 145.38 
        

BM1: Create N & S management units 15% Horseshoe NW, NE & 25% Horseshoe S 
WHAG 172.34 

        

BM2: Create N & S units and N MDC setback 15% Horseshoe NW1, NE & 25% Horseshoe S 
WHAG + N MDC setback AHAG & WHAG 251.64 

        

BM3: Create N & S units and S MDC setback 15% Horseshoe NW, NE & 25% Horseshoe S 
WHAG + S. MDC setback AHAG & WHAG 276.46 

        

BM4: Create N & S units and N Corps setback 15% S Horseshoe NW, NE & 25% Horseshoe S 
WHAG + N. Corp setback AHAG & WHAG 210.16 

        

BM5: Create N & S units S Corps setback  15% Horseshoe NW, NE & 25% Horseshoe S 
WHAG + S. Corp setback AHAG & WHAG 223.31 

        

BM6: Create N & S units and N & S Corps 
setback 

15% Horseshoe NW, NE & 25% Horseshoe S 
WHAG + N. & S. Corp setback AHAG & WHAG 261.13 
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Table D-16.  The project feature code for the incremental cost analysis, the project feature 
description, how the habitat units were determined, and the net average annualized habitat 
units. 

ICA 
Code Abbrev Description Net AAHU Allocation AAHUs 

BM7: Create N & S units and N & S MDC 
setback 

15% Horseshoe NW, NE & 25% Horseshoe S 
WHAG + N. & S. MDC setback AHAG & 
WHAG 355.76 

        

BM8: Create N & S units  and N Corps & S 
MDC setback 

15% Horseshoe NW, NE & 25% Horseshoe S 
WHAG + N. Corp & S. MDC setback AHAG & 
WHAG 314.28 

        

BM9: Create N & S units and N MDC & S 
Corps setback 

15% Horseshoe NW, NE & 25% Horseshoe S 
WHAG + N. MDC & S. Corp setback AHAG & 
WHAG 302.61 

        

BM10:  Create 3 management units 25% Horseshoe S, NE, & NW WHAG & 75% 
Horseshoe NW AHAG 235.73 

        

BM11: Create 3 units and N MDC setback  25% Horseshoe S, NE, & NW, 75% Horseshoe 
NW AHAG + N MDC setback AHAG & WHAG 309.70 

        

BM12: Create 3 units and S MDC setback 25% Horseshoe S, NE, & NW, 75% Horseshoe 
NW AHAG + S. MDC setback AHAG & WHAG 339.85 

        

BM13: Create 3 units and N Corps setback 25% Horseshoe S, NE, & NW, 75% Horseshoe 
NW AHAG + N. Corp setback AHAG & WHAG 271.25 

        

BM14: Create 3 units and S Corps setback 25% Horseshoe S, NE, & NW, 75% Horseshoe 
NW AHAG + S. Corp setback AHAG & WHAG 286.70 

        

BM15: Create 3 units and N & S Corps setback  
25% Horseshoe S, NE, & NW, 75% Horseshoe 
NW AHAG + N. & S. Corp setback AHAG & 
WHAG 322.22 

        

BM16: Create 3 units  and N & S MDC setback 
25% Horseshoe S, NE, & NW, 75% Horseshoe 
NW AHAG + N. & S. MDC setback AHAG & 
WHAG 413.82 

        

BM17: Create 3 units N Corps & S MDC 
setback 

25% Horseshoe S, NE, & NW, 75% Horseshoe 
NW AHAG + N. Corp & S. MDC setback AHAG 
& WHAG 375.37 

        

BM18: Create 3 units N MDC & S Corps 
setback 

25% Horseshoe S, NE, & NW, 75% Horseshoe 
NW AHAG + N. MDC & S. Corp setback AHAG 
& WHAG 360.66 

        

C1:  External water drainage 25% Nose Slough, 50% Horseshoe S, 45% 
Horseshoe NW, 45% Horseshoe NE 447.02 

        
D1: Nose Slough water drainage 25% Nose Slough 78.70 
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Table D-16.  The project feature code for the incremental cost analysis, the project feature 
description, how the habitat units were determined, and the net average annualized habitat 
units. 

ICA 
Code Abbrev Description Net AAHU Allocation AAHUs 

        
F1:   Deep holes 25% AHAG value for Horseshoe Lake 4.05 
        
G1:  Horseshoe NE hard mast 5% Horseshoe NE 12.87 
        
H1:  Horseshoe NW hard mast 5% Horseshoe NW 10.08 
        
M1:  Electric Pump 50% Nose Slough; 25% Horseshoe NW, NE & S 353.04 
        
M2:  Diesel Pump 50% Nose Slough; 25% Horseshoe NW, NE & S 353.04 
        
O1:  Deadman's Slough open mouth 25% Deadman's Slough AHAG value 45.62 
        
O2:  Deadman's Slough riffles 90% Deadman's Slough AHAG value 164.24 
        
O3: Deadman’s Slough riffle/hrd pt combo 100% Deadman's Slough AHAG value 182.49 
        
P1: Plant floodplain forest in Horseshoe NE Planted forest 14.27 
        
Q1: Plant floodplain forest in Horseshoe NW Planted forest 14.89 
        
R1: Plant floodplain forest in Horseshoe S Planted forest 10.45 
        
S1: Levee degrade None 0.00 
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1. Economics in Environmental Planning: Incremental Cost Analysis 
 
For all projects, the Corps of Engineers’ Principles and Guidelines (P&G) define four broad 
criteria for the evaluation of all plans: completeness; effectiveness; efficiency; and acceptability.  
Completeness is the extent to which an alternative plan provides and accounts for all necessary 
investments and other actions to ensure the realization of the planned effects.  Effectiveness is 
the extent to which an alternative plan accomplishes its planning objectives.  Efficiency is the 
extent to which an alternative plan is the most cost-effective means of accomplishing its planning 
objectives.  Acceptability is the workability and viability of the alternative plan with respect to 
acceptance by state and local entities and the public and compatibility with existing laws, 
regulations and public policies (USWRC 1983). 
 
For traditional projects (flood damage reduction, navigation), the NED objective (maximization 
of the net benefits) ensures that the efficiency criterion has been met.  The alternative which 
maximizes the net benefits of the project (total benefits less total cost) is the alternative which 
meets this criterion.  However, such a selection criterion falls short for environmental projects 
because of the difficulties in quantifying project benefits in traditional monetary terms.  Without 
a reliable monetary estimate of project benefits with which to compare monetary costs, it is not 
possible to determine the alternative plan which maximizes net monetary benefits. However, this 
does not mean the economic efficiency of environmental plans cannot be properly evaluated in 
accordance with the decision criteria outlined in the Corps of Engineers’ P&G. 
 
The tool of cost effectiveness analysis enables planners to impose economic efficiency on the 
cost (production) side of the equation by assuring a range of cost effective plans are identified.  
This economic tool can ensure that either a set level of environmental output is produced for the 
least cost possible, or that for a set level of expenditures environmental output production is 
maximized.  Although the cost analyses do not provide a discrete decision criterion, such as the 
maximization of net benefits in NED analysis, a Cost Effectiveness and Incremental Cost 
Analysis (CE/ICA) model(1) was utilized to evaluate and compare benefits and costs for each 
Alternative. The results of this model provide for the explicit comparison of the relevant changes 
in cost and output on which such decisions may be based. 
 
CE/ ICA is rooted in economic production theory and utilize such economic principles as 
scarcity, choice and opportunity cost.  The cost analysis examines changes in cost and output that 
result from decisions to implement alternative plans and plan components.   
CE/ICA can be used to identify the least-cost alternative for producing every attainable level of 
environmental output, as well as identifying those alternatives where more output could be 
produced for the same or less cost.  Environmental scale selection choices based on average, 
instead of incremental cost information can lead to misinformed and improper decision making.  
The rationale behind incremental cost analysis is to reveal the variation in cost between one 
alternative and another, whereas average cost tends to obscure the variation in cost between 
alternatives.  CE/ICA is an invaluable tool in determining the appropriate scale of mitigation or 
restoration by revealing variations in cost between alternatives (plans); explicitly asking for each 
attainable increment of output, “Is it worth it?”  
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2. Description of Measures and Alternatives 
Ted Shanks Conservation Area – Environmental Management Program (EMP) Habitat 
Rehabilitation and Enhancement Project DPR.  A brief description of all measures and 
Alternatives is presented in Table 1.  Under the column heading Alternative, measures followed 
by a ‘1’ within any Alternative name indicate that measure is included in that Alternative, 
whereas measures followed by a ‘0’ within any Alternative name indicate that measure is 
excluded from that Alternative.  For example, an Alternative 
A1B_0BM0C0D0F0G1H1M0O0P0Q0R1S0 would include measures A1, G1, H1, and R1 while 
excluding measures B_0, BM0, C0, D0, F0, M0, O0, P0, Q0, and S0.  More detailed descriptions 
of the measures are presented in the Environmental Section of the Report.  For the CE/ICA, none 
of the 10 ‘B_’ measures are combinable with any of the ‘18’ BM measures. All other 
combinations of measures are acceptable in creating potential Alternatives.  The various 
combinations of measures generated several thousand different Alternatives to be evaluated via 
the CE/ICA process.   
 

Table 1, Ted Shanks Project 
Alternatives and Description of Measures 

Measure 
Included Alternative Measure Description 

(No 
Action) A0B_0BM0C0D0F0G0H0M0O0P0Q0R0S0 N / A 

A1 A1B_0BM0C0D0F0G0H0M0O0P0Q0R0S0 Levee Restoration 
B_1 A0B_1BM0C0D0F0G0H0M0O0P0Q0R0S0 N / A 
B_2 A0B_2BM0C0D0F0G0H0M0O0P0Q0R0S0 Restore with Corps setbacks 
B_3 A0B_3BM0C0D0F0G0H0M0O0P0Q0R0S0 Setback North MDC & degrade levee 
B_4 A0B_4BM0C0D0F0G0H0M0O0P0Q0R0S0 Setback South MDC & degrade levee 
B_5 A0B_5BM0C0D0F0G0H0M0O0P0Q0R0S0 Setback North Corps & degrade levee 
B_6 A0B_6BM0C0D0F0G0H0M0O0P0Q0R0S0 Setback South Corps & degrade levee 
B_7 A0B_7BM0C0D0F0G0H0M0O0P0Q0R0S0 Measure B_5 plus B_6 
B_8 A0B_8BM0C0D0F0G0H0M0O0P0Q0R0S0 Measure B_3 plus B_4 
B_9 A0B_9BM0C0D0F0G0H0M0O0P0Q0R0S0 Measure B_4 plus B_5 

B_10 A0B_10BM0C0D0F0G0H0M0O0P0Q0R0S0 Measure B_3 plus B_6 

BM1 A0B_0BM1C0D0F0G0H0M0O0P0Q0R0S0 Create North & South management units (MUs) with CMP water 
control structures (WC) 

BM2 A0B_0BM2C0D0F0G0H0M0O0P0Q0R0S0 Create North & South MUs with CMP WC plus B_3 
BM3 A0B_0BM3C0D0F0G0H0M0O0P0Q0R0S0 Create North & South MUs with CMP WC plus B_4 
BM4 A0B_0BM4C0D0F0G0H0M0O0P0Q0R0S0 Create North & South MUs with CMP WC plus B_5 
BM5 A0B_0BM5C0D0F0G0H0M0O0P0Q0R0S0 Create North & South MUs with CMP WC plus B_6 
BM6 A0B_0BM6C0D0F0G0H0M0O0P0Q0R0S0 Create North & South MUs with CMP WC plus B_5 plus B_6 
BM7 A0B_0BM7C0D0F0G0H0M0O0P0Q0R0S0 Create North & South MUs with CMP WC plus B_3 plus B_4 
BM8 A0B_0BM8C0D0F0G0H0M0O0P0Q0R0S0 Create North & South MUs with CMP WC plus B_4 plus B_5 
BM9 A0B_0BM9C0D0F0G0H0M0O0P0Q0R0S0 Create North & South MUs with CMP WC plus B_3 plus B_6 

BM10 A0B_0BM10C0D0F0G0H0M0O0P0Q0R0S0 Create all three MUs with CMP water control structures (WC) 
BM11 A0B_0BM11C0D0F0G0H0M0O0P0Q0R0S0 Create all three MUs with CMP WC plus B_3 
BM12 A0B_0BM12C0D0F0G0H0M0O0P0Q0R0S0 Create all three MUs with CMP WC plus B_4 
BM13 A0B_0BM13C0D0F0G0H0M0O0P0Q0R0S0 Create all three MUs with CMP WC plus B_5 
BM14 A0B_0BM14C0D0F0G0H0M0O0P0Q0R0S0 Create all three MUs with CMP WC plus B_6 
BM15 A0B_0BM15C0D0F0G0H0M0O0P0Q0R0S0 Create all three MUs with CMP WC plus B_5 plus B_6 
BM16 A0B_0BM16C0D0F0G0H0M0O0P0Q0R0S0 Create all three MUs with CMP WC plus B_3 plus B_4 
BM17 A0B_0BM17C0D0F0G0H0M0O0P0Q0R0S0 Create all three MUs with CMP WC plus B_4 plus B_5 
BM18 A0B_0BM18C0D0F0G0H0M0O0P0Q0R0S0 Create all three MUs with CMP WC plus B_3 plus B_6 

C1 A0B_0BM0C1D0F0G0H0M0O0P0Q0R0S0 External Water Drainage 
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D1 A0B_0BM0C0D1F0G0H0M0O0P0Q0R0S0 Nose Slough Water Drainage 
F1 A0B_0BM0C0D0F1G0H0M0O0P0Q0R0S0 Deep Holes 
G1 A0B_0BM0C0D0F0G1H0M0O0P0Q0R0S0 Plant Hardmast in Horseshoe NorthEast 
H1 A0B_0BM0C0D0F0G0H1M0O0P0Q0R0S0 Plant Hardmast in Horseshoe NorthWest 
M1 A0B_0BM0C0D0F0G0H0M1O0P0Q0R0S0 Electric Pump 
M2 A0B_0BM0C0D0F0G0H0M2O0P0Q0R0S0 Diesel Pump 
O1 A0B_0BM0C0D0F0G0H0M0O1P0Q0R0S0 Deadman’s Slough Open Mouth 
O2 A0B_0BM0C0D0F0G0H0M0O2P0Q0R0S0 Deadman’s Slough Riffles 
O3 A0B_0BM0C0D0F0G0H0M0O3P0Q0R0S0 Deadman’s Slough Riffles /Hardpoint Combo 
P1 A0B_0BM0C0D0F0G0H0M0O0P1Q0R0S0 Plant Floodplain Forest in Horseshoe NorthEast 
Q1 A0B_0BM0C0D0F0G0H0M0O0P0Q1R0S0 Plant Floodplain Forest in Horseshoe NorthWest 
R1 A0B_0BM0C0D0F0G0H0M0O0P0Q0R1S0 Plant Floodplain Forest in Horseshoe South 
S1 A0B_0BM0C0D0F0G0H0M0O0P0Q0R0S1 Levee Degrade 

 
3. Construction Cost and Total Output (Net AAHUs) 
 
Construction cost and relevant Operation, Maintenance, Replacement, Repair and Rehabilitation 
(OMRR&R) costs are computed for all measures and subsequently for all project Alternatives.  
Average annual construction cost and average annual OMRR&R costs are calculated via cost 
stream analysis for each measure, assuming a 50-year project period of evaluation and an FY 2010 
project discount rate of 4.375 percent.  The average annual cost for each measure is additive when 
computing the average annual cost of an Alternative consisting of more than one measure.  For 
example, Alternative A0B_2BM0C1D1F0G0H0M0O0P0Q0R1S0, consisting of measures B_2, 
C1, D1 and R1, would have an average annual cost of $1,030,759 (the sum of the average annual 
cost for measures B_2, C1, D1 and R1 at $408,020, $551,645, $54,039, and $17,055, 
respectively).  Please note measure B_1 is currently just a placeholder within the CE/ICA 
process.  Earlier discussion of potential measures included a benefits and cost for the B_1 
measure, but B_1 was later dropped from further consideration.  Construction Cost and Average 
Annual Cost are presented, by measure, in Table 2.   
  

Table 2, Ted Shanks Project 
Construction Cost and Average Annual Costs, By Measure 

Measure 
Included Construction Cost Average Annual 

Construction Cost 
Average Annual 
OMRR&R Cost 

Total Average 
Annual Cost 

(No 
Action) $0 $0 $0 $0 

A1 $10,310,000 $511,141 $0 $511,141 
B_1 N / A N / A N / A N / A 
B_2 $8,230,000 $408,020 $0 $408,020 
B_3 $1,853,000 $91,866 $0 $91,866 
B_4 $2,385,000 $118,242 $0 $118,242 
B_5 $2,299,000 $113,978 $0 $113,978 
B_6 $1,965,000 $97,419 $0 $97,419 
B_7 $4,264,000 $211,397 $0 $211,397 
B_8 $4,238,000 $210,108 $0 $210,108 
B_9 $4,684,000 $232,219 $0 $232,219 

B_10 $3,818,000 $189,286 $0 $189,286 
BM1 $1,973,000 $97,816 $0 $97,816 
BM2 $3,826,000 $189,682 $0 $189,682 
BM3 $4,358,000 $216,057 $0 $216,057 
BM4 $4,272,000 $211,794 $0 $211,794 
BM5 $3,938,000 $195,235 $0 $195,235 
BM6 $6,237,000 $309,213 $0 $309,213 
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Measure 
Included Construction Cost Average Annual 

Construction Cost 
Average Annual 
OMRR&R Cost 

Total Average 
Annual Cost 

BM7 $6,211,000 $307,924 $0 $307,924 
BM8 $6,657,000 $330,035 $0 $330,035 
BM9 $5,791,000 $287,101 $0 $287,101 

BM10 $3,728,000 $184,824 $0 $184,824 
BM11 $5,581,000 $276,690 $0 $276,690 
BM12 $6,113,000 $303,065 $0 $303,065 
BM13 $6,027,000 $298,802 $0 $298,802 
BM14 $5,693,000 $282,243 $0 $282,243 
BM15 $7,992,000 $396,221 $0 $396,221 
BM16 $7,966,000 $394,932 $0 $394,932 
BM17 $8,412,000 $417,043 $0 $417,043 
BM18 $7,546,000  $374,109 $0  $374,109 

C1 $11,127,000 $551,645 $0 $551,645 
D1 $1,090,000 $54,039 $0 $54,039 
F1 $580,000 $28,755  $0 $28,755  
G1 $61,000 $3,024 $0 $3,024 
H1 $57,000 $2,826 $0 $2,826 
M1 $9,315,000 $461,811 $33,544 $495,355 
M2 $5,910,000 $293,001 $56,597 $349,599 
O1  $590,000 $29,251 $0 $29,251 
O2 $1,550,000 $76,845 $0 $76,845 
O3  $1,060,000 $52,552 $0 $52,552 
P1 $331,563 $16,438 $0 $16,438 
Q1 $245,000 $12,146 $0 $12,146 
R1 $344,000 $17,055 $0 $17,055 
S1 $8,250,000 $409,012 $0 $409,012 

 
The CE/ICA for all Alternatives for the Ted Shanks Project is performed in accordance with 
IWR-Planning Suite, with reference to the Principles and Guidelines of Institute of Water 
Resources (IWR) Report #95-R-1, Evaluation of Environmental Investments Procedures Manual, 
Interim: Cost Effectiveness and Incremental Cost Analyses (May 1995).  Using CE/ICA, several 
progressive steps in the multi-step process are taken to identify the most cost-effective 
Alternatives to be considered in environmental restoration planning.  These steps are described 
and computed below. 
 
Output, measured as Net Average Annual Habitat Units (Net AAHUs), is computed in the 
Environmental Section of the Report.  Net AAHUs (where Net AAHUs equal With Project 
AAHUs less Without Project AAHUs) are a measure of the average “annualized” net habitat units 
generated under each Alternative.  Similar to costs, the Net AAHUs for each measure are additive 
when computing the Net AAHUs of an Alternative consisting of more than one measure.  Net 
AAHUs and Average Annual Cost, by measure, are presented in Table 3.   

 
Table 3, Ted Shanks Project  

Net AAHUs and Average Annual Cost, By Measure 
Measure 
Included Alternative Average 

Annual Cost Net AAHUs 

(No 
Action) A0B_0BM0C0D0F0G0H0M0O0P0Q0R0S0 $0 0.00 

A1 A1B_0BM0C0D0F0G0H0M0O0P0Q0R0S0 $511,141 0.00 
B_1 A0B_1BM0C0D0F0G0H0M0O0P0Q0R0S0 N / A N / A 
B_2 A0B_2BM0C0D0F0G0H0M0O0P0Q0R0S0 $408,020 99.34 
B_3 A0B_3BM0C0D0F0G0H0M0O0P0Q0R0S0 $91,866 87.31 
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Measure 
Included Alternative Average 

Annual Cost Net AAHUs 

B_4 A0B_4BM0C0D0F0G0H0M0O0P0Q0R0S0 $118,242 118.72 
B_5 A0B_5BM0C0D0F0G0H0M0O0P0Q0R0S0 $113,978 41.27 
B_6 A0B_6BM0C0D0F0G0H0M0O0P0Q0R0S0 $97,419 58.07 
B_7 A0B_7BM0C0D0F0G0H0M0O0P0Q0R0S0 $211,397 99.34 
B_8 A0B_8BM0C0D0F0G0H0M0O0P0Q0R0S0 $210,108 206.03 
B_9 A0B_9BM0C0D0F0G0H0M0O0P0Q0R0S0 $232,219 159.99 

B_10 A0B_10BM0C0D0F0G0H0M0O0P0Q0R0S0 $189,286 145.38 
BM1 A0B_0BM1C0D0F0G0H0M0O0P0Q0R0S0 $97,816 172.34 
BM2 A0B_0BM2C0D0F0G0H0M0O0P0Q0R0S0 $189,682 251.64 
BM3 A0B_0BM3C0D0F0G0H0M0O0P0Q0R0S0 $216,057 276.46 
BM4 A0B_0BM4C0D0F0G0H0M0O0P0Q0R0S0 $211,794 210.16 
BM5 A0B_0BM5C0D0F0G0H0M0O0P0Q0R0S0 $195,235 223.31 
BM6 A0B_0BM6C0D0F0G0H0M0O0P0Q0R0S0 $309,213 261.13 
BM7 A0B_0BM7C0D0F0G0H0M0O0P0Q0R0S0 $307,924 355.76 
BM8 A0B_0BM8C0D0F0G0H0M0O0P0Q0R0S0 $330,035 314.28 
BM9 A0B_0BM9C0D0F0G0H0M0O0P0Q0R0S0 $287,101 302.61 

BM10 A0B_0BM10C0D0F0G0H0M0O0P0Q0R0S0 $184,824 235.73 
BM11 A0B_0BM11C0D0F0G0H0M0O0P0Q0R0S0 $276,690 309.70 
BM12 A0B_0BM12C0D0F0G0H0M0O0P0Q0R0S0 $303,065 339.85 
BM13 A0B_0BM13C0D0F0G0H0M0O0P0Q0R0S0 $298,802 271.25 
BM14 A0B_0BM14C0D0F0G0H0M0O0P0Q0R0S0 $282,243 286.70 
BM15 A0B_0BM15C0D0F0G0H0M0O0P0Q0R0S0 $396,221 322.22 
BM16 A0B_0BM16C0D0F0G0H0M0O0P0Q0R0S0 $394,932 413.82 
BM17 A0B_0BM17C0D0F0G0H0M0O0P0Q0R0S0 $417,043 375.37 
BM18 A0B_0BM18C0D0F0G0H0M0O0P0Q0R0S0  $374,109 360.66 

C1 A0B_0BM0C1D0F0G0H0M0O0P0Q0R0S0 $551,645 447.02 
D1 A0B_0BM0C0D1F0G0H0M0O0P0Q0R0S0 $54,039 78.70 
F1 A0B_0BM0C0D0F1G0H0M0O0P0Q0R0S0 $28,755  4.05 
G1 A0B_0BM0C0D0F0G1H0M0O0P0Q0R0S0 $3,024 12.87 
H1 A0B_0BM0C0D0F0G0H1M0O0P0Q0R0S0 $2,826 10.08 
M1 A0B_0BM0C0D0F0G0H0M1O0P0Q0R0S0 $461,811 353.04 
M2 A0B_0BM0C0D0F0G0H0M2O0P0Q0R0S0 $293,001 353.04 
O1 A0B_0BM0C0D0F0G0H0M0O1P0Q0R0S0 $29,251 45.62 
O2 A0B_0BM0C0D0F0G0H0M0O2P0Q0R0S0 $76,845 164.24 
O3 A0B_0BM0C0D0F0G0H0M0O3P0Q0R0S0 $52,552 182.49 
P1 A0B_0BM0C0D0F0G0H0M0O0P1Q0R0S0 $16,438 14.27 
Q1 A0B_0BM0C0D0F0G0H0M0O0P0Q1R0S0 $12,146 14.89 
R1 A0B_0BM0C0D0F0G0H0M0O0P0Q0R1S0 $17,055 10.45 
S1 A0B_0BM0C0D0F0G0H0M0O0P0Q0R0S1 $409,012 0.00 

 
4. Determining Cost Effective Alternatives (CE) 
 
Prior to identifying cost effective Alternatives, all Alternatives are sorted by Net AAHUs (output 
level), from lowest to highest.  After sorting by Net AAHUs (output level), any non-cost effective 
Alternatives are identified as either Inefficient in Production or Ineffective in Production.  
Inefficient in Production is defined as any Alternative where the same output level can be 
generated at a lesser cost by another Alternative.  The Alternatives are evaluated and wherever 
there are two or more Alternatives providing the same output level, aside from any other 
considerations (i.e., uncertainty about the reliability of cost or output estimates), the more costly 
Alternative(s) generating that same output level is eliminated.  Next, any Alternatives that are 
Ineffective in Production are identified.  Ineffective in Production is defined as any Alternative 
where a greater output level can be generated at a lesser or equal cost by another Alternative.  With 
the Alternatives still sorted by output level (Net AAHUs), a pair-wise comparison of output level 
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and average annual cost is made for all remaining Alternatives that ‘passed’ the Inefficient in 
Production screening in the previous step.  The Alternatives are evaluated and any Alternative 
generating less output at an equal or greater cost is eliminated.  These steps identify the least-cost 
Alternative for every level of output under consideration.   
 
All remaining cost-effective Alternatives, totaling 256 Alternatives, are presented in Graph 1, 
comparing Average Annual Cost (in millions of $) to Output (Net AAHUs).  Although there is a 
Non Cost-Effective marker in the Graph 1 Key produced by the IWR-Planning Suite model, non 
cost-effective Alternatives are not shown in Graph 1 since there are several thousand of them. 
Only cost-effective and Best Buy Alternatives are shown in Graph 1 (selection of Best Buy 
Alternatives is discussed later in this Appendix). 
       

Graph 1, Ted Shanks Project 
Cost Effective and Best Buy Alternatives  

 
 
5. Incremental Cost Analysis (ICA) 
 
Incremental cost analysis is conducted on the remaining 256 Alternatives.  This consists of 
several iterative steps where the incremental difference in both cost and output (Net AAHUs) are 
computed.  Incremental cost is the additional cost incurred by selecting one Alternative over 
another Alternative, and is computed by subtracting the cost of one Alternative under 
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consideration from the cost of another Alternative under consideration.  Similarly, incremental 
output is the additional output generated by selecting one Alternative over another Alternative, 
and is computed by subtracting the output of one Alternative under consideration from the output 
of another Alternative under consideration.  The first step is compute the incremental change in 
cost and incremental change in output from implementing each Remaining Alternative over the 
No Action Alternative, where the No Action Alternative is considered the baseline condition 
against which each remaining cost effective Alternative is compared.  Next, the Alternative 
yielding the lowest incremental cost per unit over the No Action Alternative is identified.  In 
other words, this identified Alternative is the most cost effective remaining Alternative for 
production of Net AAHUs over the No Action Alternative.  After identifying this Alternative 
with the lowest incremental cost per unit (i.e., the most cost efficient from a production 
perspective, producing output at the lowest unit cost), any Alternatives generating a lower output 
level are removed from further consideration in the ICA process.  The eliminated Alternatives 
are less efficient in production, producing a lower level of output at a higher incremental unit 
cost.  The remaining Alternatives are further evaluated via repeated steps of this incremental ICA 
process, where the most cost effective remaining Alternative becomes the new baseline condition 
against which each remaining cost effective Alternative is compared.  This iterative process 
continues until only the most cost effective, production efficient Alternatives remain.  When the 
most cost effective remaining Alternative is the last Alternative evaluated, there is no need for 
further incremental cost analysis; the ICA process is complete. 
 
These fifteen (including the No Action Alternative) remaining cost effective, production efficient 
Alternatives are presented in Table 4.  Also known as “Best Buy” Plans, these Plans can be used 
to determine the desired project scale for environmental restoration planning.  Characteristic of 
Best Buy Plans, the incremental average annual cost per unit increases for successive larger 
levels of incremental output (Net AAHUs).  All Best Buy Plans are presented in Table 4, 
detailing incremental changes in both average annual cost and output (Net AAHUs).  Table 5 
contains the same economic data as Table 4, plus a description of each measure included in 
every Best Buy Plan. The underlined measure description for each Best Buy Plan represents the 
additional incremental measure compared to the previous Best Buy Plan. 
 
Average Annual Incremental Cost per Unit and Output (Net AAHUs) for all Best Buy Plans are 
shown in Graph 2. 
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Table 4, Ted Shanks Project 
Average Annual and Incremental Values of Best Buy Plans 

Best Buy Plan 
 

Construction 
Cost 

Output 
(Net AAHUs) 

Average 
Annual 

Cost 

Incremental 
Output 

(Net AAHUs) 

Average Annual 
Incremental 

Cost 

Average Annual 
Incremental Cost 

per Unit 
 

1 
A0B_0BM0C0D0F0G0H0M0O0P0Q0R0S0 

(No Action) $0 
 

0.00 
 

$0 
 

0.00 
 

$0 
 

$0.00 

2 A0B_0BM0C0D0F0G1H0M0O0P0Q0R0S0 $61,000 12.87 $3,024 12.87 $3,024 $234.97 

3 A0B_0BM0C0D0F0G1H1M0O0P0Q0R0S0 $118,000 22.95 $5,850 10.08 $2,826 $280.36 

4 A0B_0BM0C0D0F0G1H1M0O3P0Q0R0S0 $1,178,000 205.44 $58,402 182.49 $52,552 $287.97 

5 A0B_0BM1C0D0F0G1H1M0O3P0Q0R0S0 $3,151,000 377.78 $156,218 172.34 $97,816 $567.58 

6 A0B_0BM1C0D1F0G1H1M0O3P0Q0R0S0 $4,241,000 456.48 $210.257 78.70 $54,039 $686.65 

7 A0B_0BM1C0D1F0G1H1M0O3P0Q1R0S0 $4,486,000 471.37 $222,403 14.89 $12,146 $815.72 

8 A0B_0BM1C0D1F0G1H1M2O3P0Q1R0S0 $10,396,000 824.41 $571,526 353.04 $349,123 $988.90 

9 A0B_0BM3C0D1F0G1H1M2O3P0Q1R0S0 $12,781,000 928.53 $689,767 104.12 $118,241 $1,135.62 

10 A0B_0BM3C0D1F0G1H1M2O3P1Q1R0S0 $13,112,563 942.80 $706.205 14.27 $16,438 $1,151.93 

11 A0B_0BM7C0D1F0G1H1M2O3P1Q1R0S0 $14,965,563 1,022.10 $798,072 79.30 $91,687 $1,158.47 

12 A0B_0BM7C1D1F0G1H1M2O3P1Q1R0S0 $26,092,563 1,469.12 $1,349,717 447.02 $551,645 $1,234.05 

13 A0B_0BM16C1D1F0G1H1M2O3P1Q1R0S0 $27,847,563 1,527.18 $1,436,725 58.06 $87,008 $1,498.59 

14 A0B_0BM7C1D1F0G1H1M2O3P1Q1R1S0 $28,191,563 1,537.63 $1,453,780 10.45 $17,055 $1,632.06 

15 A0B_0BM7C1D1F1G1H1M2O3P1Q1R1S0 $28,771,563 1,541.68 $1,482,535 4.05 $28,755 $7,100.00 
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Table 5, Ted Shanks Project 
Average Annual and Incremental Values of Best Buy Plans 

(Including Best Buy Plan Descriptions) 

(#)  Best Buy Plan with Description Construction 
Cost 

Output 
(Net 

AAHUs) 

Average 
Annual 

Cost 

Incremental 
Output 

(Net AAHUs) 

Average 
Annual 

Incremental 
Cost 

Average Annual 
Incremental Cost 

per Unit 

(1)  A0B_0BM0C0D0F0G1H0M0O0P0Q0R0S0 
(No Action) 

$0 0.00 $0 0.00 $0 $0.00 

(2) A0B_0BM0C0D0F0G1H0M0O0P0Q0R0S0 
Plant Hardmast in Horseshoe Northeast 

$61,000 12.87 $3,024 12.87 $3,024 $234.97 

(3) A0B_0BM0C0D0F0G1H1M0O0P0Q0R0S0 
Plant Hardmast in Horseshoe Northeast 
Plant Hardmast in Horseshoe Northwest 

$118,000 22.95 $5,850 10.08 $2,826 $280.36 

(4) A0B_0BM0C0D0F0G1H1M0O3P0Q0R0S0 
Plant Hardmast in Horseshoe Northeast 
Plant Hardmast in Horseshoe Northwest 

Deadman's Slough Riffles / Hard Point Combo 

$1,178,000 205.44 $58,402 182.49 $52,552 $287.97 

(5) A0B_0BM1C0D0F0G1H1M0O3P0Q0R0S0 
Create North & South Management Units w/ CMP WC Structures 

Plant Hardmast in Horseshoe Northeast 
Plant Hardmast in Horseshoe Northwest 

Deadman's Slough Riffles / Hard Point Combo 

$3,151,000 377.78 $156,218 172.34 $97,816 $567.58 

(6) A0B_0BM1C0D1F0G1H1M0O3P0Q0R0S0 
Create North & South Management Units w/ CMP WC Structures 

Nose Slough Water Drainage 
Plant Hardmast in Horseshoe Northeast 
Plant Hardmast in Horseshoe Northwest 

Deadman's Slough Riffles / Hard Point Combo 

$4,241,000 456.48 $210.257 78.70 $54,039 $686.65 

(7) A0B_0BM1C0D1F0G1H1M0O3P0Q1R0S0 
Create North & South Management Units w/ CMP WC Structures 

Nose Slough Water Drainage 
Plant Hardmast in Horseshoe Northeast 
Plant Hardmast in Horseshoe Northwest 

Deadman's Slough Riffles / Hard Point Combo 
Plant Floodplain Forest in Horseshoe Northwest 

$4,486,000 471.37 $222,403 14.89 $12,146 $815.72 

(8) A0B_0BM1C0D1F0G1H1M2O3P0Q1R0S0 
Create North & South Management Unit w/ CMP WC Structures 

Nose Slough Water Drainage 
Plant Hardmast in Horseshoe Northeast 
Plant Hardmast in Horseshoe Northwest 

Diesel Pump 
Deadman's Slough Riffles / Hard Point Combo 

$10,396,000 824.41 $572,002 353.04 $349,599 $990.25 
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(#)  Best Buy Plan with Description Construction 
Cost 

Output 
(Net 

AAHUs) 

Average 
Annual 

Cost 

Incremental 
Output 

(Net AAHUs) 

Average 
Annual 

Incremental 
Cost 

Average Annual 
Incremental Cost 

per Unit 

Plant Floodplain Forest in Horseshoe Northwest 
(9) A0B_0BM3C0D1F0G1H1M2O3P0Q1R0S0 

Create North & South Management Units w/ CMP WC Structures 
PLUS Setback South MDC and Degrade Levee 

Nose Slough Water Drainage 
Plant Hardmast in Horseshoe Northeast 
Plant Hardmast in Horseshoe Northwest 

Diesel Pump 
Deadman's Slough Riffles / Hard Point Combo 

Plant Floodplain Forest in Horseshoe Northwest 

$12,781,000 928.53 $690,243 104.12 $118,241 $1,135.62 

(10) A0B_0BM3C0D1F0G1H1M2O3P1Q1R0S0 
Create North & South Management Units w/ CMP WC Structures 

PLUS Setback South MDC and Degrade Levee 
Nose Slough Water Drainage 

Plant Hardmast in Horseshoe Northeast 
Plant Hardmast in Horseshoe Northwest 

Diesel Pump 
Deadman's Slough Riffles / Hard Point Combo 
Plant Floodplain Forest in Horseshoe Northeast 
Plant Floodplain Forest in Horseshoe Northwest 

$13,112,563 942.80 $706,681 14.27 $16,438 $1,151.93 

(11) A0B_0BM7C0D1F0G1H1M2O3P1Q1R0S0 
Create North & South Management Units w/ CMP WC Structures 

PLUS Setback North & South MDC and Degrade Levee 
Nose Slough Water Drainage 

Plant Hardmast in Horseshoe Northeast 
Plant Hardmast in Horseshoe Northwest 

Diesel Pump 
Deadman's Slough Riffles / Hard Point Combo 
Plant Floodplain Forest in Horseshoe Northeast 
Plant Floodplain Forest in Horseshoe Northwest 

$14,965,563 1,022.10 $798,548 79.30 $91,687 $1,158.47 

(12) A0B_0BM7C1D1F0G1H1M2O3P1Q1R0S0 
Create North & South Management Units w/ CMP WC Structures 

PLUS Setback North & South MDC and Degrade Levee 
External Water Drainage 

Nose Slough Water Drainage 
Plant Hardmast in Horseshoe Northeast 
Plant Hardmast in Horseshoe Northwest 

Diesel Pump 
Deadman's Slough Riffles / Hard Point Combo 
Plant Floodplain Forest in Horseshoe Northeast 

$26,092,563 1,469.12 $1,350,193 447.02 $551,645 $1,234.05 
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(#)  Best Buy Plan with Description Construction 
Cost 

Output 
(Net 

AAHUs) 

Average 
Annual 

Cost 

Incremental 
Output 

(Net AAHUs) 

Average 
Annual 

Incremental 
Cost 

Average Annual 
Incremental Cost 

per Unit 

Plant Floodplain Forest in Horseshoe Northwest 
(13) A0B_0BM16C1D1F0G1H1M2O3P1Q1R0S0 

Create All Three Management Units w/ CMP WC Structures 
PLUS Setback North & South MDC and Degrade Levee 

External Water Drainage 
Nose Slough Water Drainage 

Plant Hardmast in Horseshoe Northeast 
Plant Hardmast in Horseshoe Northwest 

Diesel Pump 
Deadman's Slough Riffles / Hard Point Combo 
Plant Floodplain Forest in Horseshoe Northeast 
Plant Floodplain Forest in Horseshoe Northwest 

$27,847,563 1,527.18 $1,437,201 58.06 $87,008 $1,498.59 

(14) A0B_0BM16C1D1F0G1H1M2O3P1Q1R1S0 
Create All Three Management Units w/ CMP WC Structures 

PLUS Setback North & South MDC and Degrade Levee 
External Water Drainage 

Nose Slough Water Drainage 
Plant Hardmast in Horseshoe Northeast 
Plant Hardmast in Horseshoe Northwest 

Diesel Pump 
Deadman's Slough Riffles / Hard Point Combo 
Plant Floodplain Forest in Horseshoe Northeast 
Plant Floodplain Forest in Horseshoe Northwest 

Plant Floodplain Forest in Horseshoe South 

$28,191,563 1,537.63 $1,454,256 10.45 $17,055 $1,632.06 

(15) A0B_0BM16C1D1F1G1H1M2O3P1Q1R1S0 
Create All Three Management Units w/ CMP WC Structures 

PLUS Setback North & South MDC and Degrade Levee 
External Water Drainage 

Deep Holes 
Nose Slough Water Drainage 

Plant Hardmast in Horseshoe Northeast 
Plant Hardmast in Horseshoe Northwest 

Diesel Pump 
Deadman's Slough Riffles / Hard Point Combo 
Plant Floodplain Forest in Horseshoe Northeast 
Plant Floodplain Forest in Horseshoe Northwest 

Plant Floodplain Forest in Horseshoe South 

$28,771,563 
 
 
 
 
 
 
 
 
 
 
 
 
 

1,541.68 
 
 
 
 
 
 
 
 
 
 
 
 
 

$1,483,011 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.05 
 
 
 
 
 
 
 
 
 
 
 
 
 

$28,755 
 
 
 
 
 
 
 
 
 
 
 
 
 

$7,100.00 
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Graph 2, Ted Shanks Project 
Average Annual Incremental Cost per Unit and Output (Net AAHUs) 
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Conclusion: The Best Buy Plans presented in both Table 5 and Graph 2 provide the 
information necessary to make well-informed decisions regarding desired project scale.  
Progressing through the increasing levels of output for the Plans in Table 5 help determine 
whether the habitat value of the additional Net AAHUs in the next level of output is worth the 
additional cost.   
 
As long as decision makers consider a level of output to be “worth it”, subsequent levels of 
output are considered.  When a level of output is determined to be “not worth it”, then 
subsequent levels of output will also likely be “not worth it”, and the final decision regarding 
desired project scale for environmental restoration planning will have been reached. 
 
If it is determined Plan (2) A0B_0BM0C0D0F0G1H0M0O0P0Q0R0S0, generating 12.87 habitat 
units at an incremental cost of $234.97 per unit, is “worth it”; i.e., preferred to the No Action 
Plan, then one would proceed to the next level of output to determine if it is worth its additional 
cost.  Proceeding to the next level of output reveals Plan (3) 
A0B_0BM0C0D0F0G1H1M0O0P0Q0R0S0 generates an increase in habitat units of 10.08, at a 
higher incremental cost of $280.36 per unit.  In other words, since Plan (3) 
A0B_0BM0C0D0F0G1H1M0O0P0Q0R0S0 is Plan (2) A0B_0BM0C0D0F0 
G1H0M0O0P0Q0R0S0 plus the inclusion of the “H” measure, the statement can be made that 
Plan (2) A0B_0BM0C0D0F0G1H1M0O0P0Q0R0S0 generates the first 12.87 habitat units at a 
cost of $234.97 per unit, while Plan (3) A0B_0BM0C0D0F0G1H1M0 O0P0Q0R0S0 generates 
the same output per unit as Plan (2) PLUS an additional 10.08 habitat units at a cost of $280.36 
per unit.   
 
Proceeding to the next level of output reveals Plan (4) A0B_0BM0C0D0F0G1H1M0 
O3P0Q0R0S0 generates an increase in habitat units of 182.49 over Plan (3) A0B_0BM0 
C0D0F0G1H1M0O0P0Q0R0S0, at an incremental cost of $287.97 per unit.  As each successive 
Best Buy Plan is considered, the last three columns of Table 5 display the increase in 
Incremental Cost, the accompanying increase in Incremental Output (Net AAHUs), and the 
increase in Incremental Cost per Unit (of Output or Net AAHUs), computed as Incremental Cost 
divided by Incremental Output.   
 
Typically in the evaluation of Best Buy Plans, ‘break points’ are identified in either the last 
column in Table 5, or the stair step progression from left to right in Graph 2.  Break points are 
defined as significant increases or ‘jumps’ in Incremental Cost per Output, such that subsequent 
levels of output may/may not be considered “worth it” regarding increasing the desired project 
scale.  Identification of such breakpoints can be subjective.  In both Table 5 and Graph 2, 
breakpoints are subjectively identified as occurring between Plans (4) & (5); Plans (7) & (8); 
Plans (8) & (9); Plans (12) & (13); Plans (14) & (15).  However, as to whether subsequent levels 
of output may be considered “worth it” from a project scale perspective, Plan (8) and Plan (12) 
generate significantly higher levels of output than any other Plan, 353.04 Net AAHUs and 
447.02 Net AAHUS, respectively, making the decision to continue evaluating and considering 
Best Buy Plans beyond the first two breakpoints logical.   
 
Plan (12) generates a total of 1,469.12 Net AAHUs.  Plan (13) generates an additional 58.06 Net 
AAHUs over Plan (12) at an incremental cost of $1,498.59 per unit, totaling 1,527.98 Net 
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AAHUs.  Even though there are two Best Buy Plans generating greater Net AAHUs than Plan 
(13), Plan (13) generates 99.1 percent of the total 1,541.68 Net AAHUs attainable from even the 
most robust Best Buy Plan, Plan (15).   
 
Looking at the last two Best Buy Plans (14 and 15), Plan (14) generates 10.45 additional Net 
AAHUS over Plan (13).  However, those additional 10.45 Net AAHUs come at an incremental 
cost of $1,632.06 per unit.  Finally, Plan (15), identified as both the last breakpoint and the last 
Best Buy Plan, generates only 4.05 additional Net AAHUs over Plan (14), yet those additional 
4.05 Net AAHUs come at a considerably higher incremental cost of $7,100.00 per unit.  
Observing Graph 2 also reveals the considerable increase in Incremental Cost per Unit (of 
Output) for the last Best Buy Plan.  
 
Therefore, Plan (13), A0B_0BM16C1D1F0G1H1M2O3P1Q1R0S0, generating a total of 
1,527.98 Net AAHUs is identified as desired project scale, and is recommended as the NED Best 
Buy plan. 
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Executive Summary 
 

 The project is located just north of Louisiana, Missouri in Pike County at the Ted Shanks 
Conservation Area.  Ted Shanks Conservation Area (TSCA) is located in Pool 24 of the 
Mississippi River.  It includes 6,636 acres of river bottomlands near the confluence of the 
Mississippi River and the Salt River in Pike County, Missouri.  The portion of the TSCA 
included in this project consists of approximately 2,878 acres at the southern end of the TSCA 
along the Missouri bank between Mississippi River Miles 284 and 291.  The project includes the 
following general features:  

• Remove trees, grade and reseed 8.5 miles of exterior levees. 
• Clear woody debris and control reed canary grass invasion on approximately 870 acres. 
• Plant trees on 105 acres above the elevation of 453 NGVD. 
• Improve fisheries habitat diversity by dredging 7 acres and installing woody structures. 
• Improve water control and wetland habitat management with installation of levees, and a 

box structure. 
• Install weirs at both ends of Deadman’s Slough. 

 
 The restoration of these areas will create a greater diversity of wetland habitats and allow 
for the control of reed canary grass.   
 
 The objective of the Phase I Environmental Site Assessment (ESA) is to identify, to the 
extent feasible pursuant to the process described herein, recognized environmental conditions 
(RECs) in connection with a given property(s).  This assessment revealed no evidence of RECs 
in connection with this project. 



I.  Introduction 
 
 1.1  Purpose 
 

The U.S. Army Corps of Engineers (USACE) regulations (ER-1165-132) and 
District policy requires procedures be established to facilitate early identification and 
appropriate consideration of potential hazardous, toxic, or radioactive waste (HTRW) in 
reconnaissance, feasibility, preconstruction engineering and design, land acquisition, 
construction, operations and maintenance, repairs, replacement, and rehabilitation phases 
of water resources studies or projects by conducting HTRW Initial Hazard Assessments 
(IHA).  USACE specifies that these assessments follow the process/standard practices for 
conducting Phase I ESA’s published by the American Society for Testing and Materials 
(ASTM). 

 
This assessment was prepared using the following ASTM Standards: 
 
• E1527-05: Standard Practice for Environmental Site Assessments – Phase I 

Environmental Site Assessment process 
 
• E1528-06:  Standard Practice for Limited Environmental Due Diligence:  

Transaction Screen Process (interview questionnaires) 
 
The purpose of a Phase I – ESA (IHA) is to identify, to the extent feasible in the 

absence of sampling and analysis, the range of contaminants (i.e. RECs) within the scope 
of the U.S. Environmental Protection Agency’s (EPA) Comprehensive Environmental 
Response, Compensation and Liability Act (CERCLA) and petroleum products.   

 
The scope of this Phase I – Initial Site Assessment consists of the following four 

components: 
 
 a.  Records review 
 b.  Site reconnaissance 
 c.  Interviews 
 d.  Report 
 
II.  Project/Site Description 
 
2.1 Location Description 

 The project is located just north of Louisiana, Missouri at the Ted Shanks 
Conservation Area.  Ted Shanks Conservation Area (TSCA) is located in Pool 24 of the 
Mississippi River.  It includes 6,636 acres of river bottomlands near the confluence of the 
Mississippi River and the Salt River in Pike County, Missouri.  The portion of the TSCA 
included in this project consists of approximately 2,878 acres at the southern end of the 
TSCA along the Missouri bank between Mississippi River Miles 284 and 291.  This 
subarea is in Township 55N, Range 2W, and includes all or part of Sections 22, 23, 25, 
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26, 27, 34, 35, 36, and parts of T54N, R2W, Sections 1 and 2.  The Missouri Department 
of Conservation (MDC) currently manages the TSCA. 

 

 
Figure 1 

Locator topographic map 
 

 
Figure 2 

Locator aerial of project. 

TSCA 
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Figure 3 Project components 
 

 
Figure 4 

Project components 
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2.2 Site/Vicinity Characteristics 
 

 The surrounding area is rural primarily consisting of a few residential properties 
among cropland.  TSCA is in Pike County near Ashburn, Missouri 16 miles north of 
Louisiana, Missouri and 18 miles south of Hannibal.  This 6,705 acre area contains 1,930 
acres of bottomland hardwood timber, 1,364 acres of marsh, 1,264 acres of mixed 
shrub/scrub/emergent wetlands, 800 acres of row crops, and 575 acres of ox-bow lakes 
and sloughs, 722 acres of old fields, upland woods, levees, and roads.  The area consists 
of 3,827 acres of MDC lands and 2,878 acres of lands managed under the cooperation of 
MDC, U.S. Fish & Wildlife Service, and U.S. Army Corps of Engineers.  The area 
borders 6.75 miles of the Mississippi River, 3.5 miles of the Salt River, and 2.25 miles of 
river bluffs.  The area contains 35 miles of levees, 2 pump stations, 9 miles of water 
canals, and 45 water control structures.  TSCA provides recreational opportunities such 
as hunting, fishing, bird watching, camping, hiking and nature study.  TSCA is one of 
Missouri’s designated Watchable Wildlife sites. 
 
 

III. User Provided Information 
 
 Site visits, records search, and personal interviews with persons familiar with the 
area and local Hazardous response personnel revealed no reported HTRW issues.   
 
 The environmental impact for the migration of off-site contaminants onto the 
project property is negligible.  A Site Health and Safety Plan, and a Quality Control Plan 
should be required, discussed and implemented to avoid any environmental hazards.   

 
 

IV. Records Review 
 

 For the purpose of this ESA, the following standard records sources were 
obtained and reviewed to assist in the identification of potential REC’s in connection 
with this project: 

 
• Environmental Sources (Federal, State and Local, Tribal, and Proprietary) 
• Historical Use 

 
 4.1 Environmental Sources 
 

 Commercially available environmental records were obtained and reviewed from 
Environmental Data Resources (EDR) Inc. 

 
 4.1.1 Federal Records 

 
  The following information sources (databases) were consulted and searched as a 
 part of the federal agency review process: 

 a.  United States Environmental Protection Agency’s (USEPA) National 

F-5



 Priorities List (NPL database – current and deleted sites); 
  b.  USEPA Comprehensive Environmental Response, Compensation and Liability 
  Information System (CERCLIS); 
  c.  USEPA No Further Remedial Action Planned Sites (NFRAP); 
  d.  USEPA Resource Conservation and Recovery Information System 
  (RCRIS-LG) 
  e.  USEPA Emergency Response Notification System (ERNS); 
  f.  USDOT hazardous Materials Information Reporting System (HMIRS); 
  g.  USEPA Corrective Action Report (CORRACTS); 
  h.  USEPA Engineering Control Sites List (US ENG Controls, US INST   
  CONTROL); 
  i.  Department of Defense Sites (DOD); 
  j.  Formerly Used Defense Sites (FUDS); 
  k.  Brownfield Sites (US BROWNFIELDS); 
  l.  USEPA Superfund (CERCLA) Consent Decrees (CONSENT); 
  m.  USNTIS Records of Decision (ROD); 
  n.  Uranium Mill Tailings Sites (UMTRA); 
  o.  Open Dump Inventory (ODI); 
  p.  USEPA Toxic Chemical Release Inventory System (TRIS); 
  q.  USEPA Toxic Substances Control Act (TSCA); 
  r.  Federal Insecticide, Fungicide, & Rodenticide Act (TSCA), FTTS; 
  s.  Section 7 Tracking System, SSTS; 
  t.  USEPA CERCLA Lien Information (LIENS 2); 
  u.  Radiation Information Database RADINFO; 
  v.  Clandestine Drug Labs CDL; 
  w.  FIFRA?TSCA Tracking System Administration Case Listing HIST FTTS; 
  x.  Integrated Compliance Information System ICIS; 
  y.  Land Use Control Information System LUCIS; 
  z.  Incident and Accident Data DOT OPS: 
  aa.  USEPA PCB Activity Database System (PADS); 
  bb.  USNRC Material Licensing Tracking System (MLTS); 
  cc.  USDOL, MSHA Mines Master Index File (MINES); 
  dd.  USEPA Facility Index System/Facility Identification Initiative Program 
  ee.  Summary Report (FINDS); 
  ff.  USEPA RECRA Administrative Action Tracking System (RAATS); 
 

 A search of available environmental records was conducted by Environmental 
Data Resources, Inc (EDR).  These records assist in meeting the requirements of EPA’s 
Standards and Practices for All Appropriate Inquires (40 CFR Part 312), and the ASTM 
Standard Practice for Environmental Site Assessments (E 1527-05).  A review of these 
records revealed 1 LUST site within the project boundaries.  For properties that contained 
inadequate address information for mapping purposes, reasonable efforts were made to 
identify the approximate location of the sites in relation to the target properties as part of 
the review process.  In addition, the physical setting was assessed for the target properties 
by reviewing topographic maps to identify conditions in which hazardous substances or 
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petroleum products could migrate.  Refer to the site maps in Appendix A for the 
boundaries and description of said searches. 

 
 
 4.1.2 State and Local Records 
 
  The following information sources were consulted and searched as a part of the  
 state and local agency review process: 
  a.  Registry Annual Report MO HWS DETAIL 
  b.  Solid and Hazrdous Waste Sites (SHWS); 
  c.  Category List (IL CAT); 
  d.  Solid Waste Facilities/Landfill Sites (SWF/LF); 
  e.  Waste Management & Research Center Landfill Database (IL LF WMRC); 
  f.  Underground Injection Wells (IL UIC); 
  g.  Solid Waste Landfill Inventory (IL NIPC); 
  h.  Solid Waste Facility Database List (MO HIST LF); 
  i.  Leaking Underground Storage Tanks (LUST); 
  j.  Underground Storage Tank Fund Payment Priority List (IL LUST TRUST); 
  k.  Underground Storage Tanks (UST); 
  l.  Aboveground Petroleum Storage Tanks (MO AST); 
  m.  Leaking Aboveground Storage Tanks (MO LAST); 
  n.  Spills and Rleases (SPILLS); 
  o.  Listing of institutional and/or engineering controls (AUL); 
  p.  Voluntary Remediation Program Sites (VCP); 
  q.  Site Remediation Program Database (IL SRP); 
  r.  Drycleaner Facility Listing (DRYCLEANERS); 
  s.  Surface Impoundment Inventory (IL IMPDMENT); 
  t.  Brownfields (IL BROWNFIELDS, MO BROWNFIELDS); 
  u.  Environmental Emergency Response System (MO CDL): 
  v.  Meth Drug Lab Site Listing (IL CDL); 
  w.  Certified Hazardous Waste Resource Recovery Facilities (MO RRC); 
  x.  Permited Facility Listing (NPDES); 
  y.  Air Permits and Emissions Information (IL AIRS); 
 
 
 4.1.3 Tribal Records 
 
  a.  Indian Reservations (INDIAN RESERV); 
  b.  Leaking Underground Storage Tanks on Indian Land (INDIAN LUST); 
  c.  Underground Storage Tanks on Indian Land (INDIAN UST); 
 
 4.1.4 Proprietary Records 
 

 EDR Proprietary Manufactured Gas Plants 
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4.1.5 Other Databases 
 
 a.  Oil/Gas Pipelines 
 b.  Electric Power Transmission Line Data 
 c.  Sensitive Receptors (Schools, Hospitals, Nursing Homes, Daycare); 
 d.  Flood Zone data 
 e.  National Wetlands Inventory (NWI); 
 
4.1.6 Results 
 
 No RECs were identified for this site from the records search/review presented 
above.  The data packages reviewed are in Appendix A.  Below is a summary of sites 
found on or near the TSCA. 
 

ASTM Standard Number of Sites Distance (mile) 
MO LUST 1 0 
MO UST 1 0 

 

 
Figure 5 

Location of listed site. 
 

4.2 Historical Use Information 
 
 The following available historic information sources were obtained and reviewed: 
Historical aerial photographs from the years 1980, 1991, and 1998 were reviewed.  
Topographic maps from the years 1890, 1940, 1944, 1978, 1991, and 1993 were 
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reviewed.  Sanborn maps were not available.  Review of land use maps reveal that the 
majority of land adjacent to the project is and has been utilized as mainly as cropland 
with a few small residences.  Reviewed data is in Appendix B. 
 
 

V. Site Reconnaissance 
 
 A site visit was conducted on 4 December 2007 as part of the TSCA project.  Mr. 
Rick Archeski and Kevin Slattery of CEMVS-EC-HQ conducted the site visit.  In 
addition, the surrounding adjacent properties were also inspected as part of this survey.  
Photographs documenting the site visit are enclosed in Appendix C.   
 

 
VI. Interviews 
 
  Interviews were conducted in order to obtain information indicating RECs in 
 connection with this site.  The content of the questions asked followed the questionnaire 
 format of ASTM 1528.  Interviews were conducted with the following persons: 
 
  Mike Flaspohler from the Missouri Department of Conservation 
 
  Mr. Flaspohler indicated that there are still 2 underground storage tanks (UST) 
 and 5 aboveground storage tanks (AST) on the property.  The 2 UST’s contain propane 
 and one is located near the office and the other is located near the shop.  All of the AST’s 
 have containment areas and are located on MDC property.  Mike indicated that he does 
 not know of any spills or hazardous materials that have been disposed of on the property.  
 Mike also indicated that Roundup and Rodeo are routinely used on crops, and Mustang, 
 Pathway, Treflan, and Poast have occasionally been used. 
 

 
 No RECs were identified as result of these interviews.  All interviewees 
confirmed that historically the properties have been used for agriculture and recreational 
activities.  The main crops have been corn, beans, wheat, buckwheat, millet and 
sunflowers. 
 
 

VII. Findings 
 

Generally, the project area contains no major sites of interest, which pose 
significant environmental concerns.  The environmental records search as well as the site 
visit found minimal data suggesting environmental concerns to be present in this project 
area.   
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VIII. Opinion 
 
A Phase I Environmental Site Assessment was conducted in conformance with 

the scope and limitations of ASTM Practice E for the Ted Shanks Conservation Area 
Rehabilitation Project.  This assessment has revealed no evidence of recognized 
environmental conditions in connection with the property.  Therefore, no Phase II 
Environmental Site Assessment is necessary for the proposed project.   

 
 
IX. Conclusions 
 
  A Phase I ESA was conducted in accordance with the scope and limitations of 
 ASTM Practice E 1527 for the TSCA Rehabilitation project.  The assessment has 
 revealed no RECs in connection with this site. 
 
 
X. Limitations 
 
  U.S. Army Corps of Engineers, Environmental Quality Section, should be 
 contacted with any known or suspected variations from the conditions described herein.  
 If future development of the property indicates the presence of hazardous or toxic 
 materials, USACE should be notified to perform a re-evaluation of the environmental 
 conditions. 
 

 The scope of this assessment did not include any additional environmental 
investigation, not outlined herein, or analyses for the presence or absence of hazardous or 
toxic materials in the soil, ground water, surface water, or air, in on, under or above the 
subject tract. 
 
 This site assessment was performed in accordance with generally accepted 
practices of consultants undertaking similar studies at the same time and in the same 
geographical area, and USACE observed that degree of care and skill generally exercised 
by consultants under similar circumstances and conditions.  The findings and conclusions 
stated herein must be considered not as scientific certainties, but rather as professional 
opinions concerning the significance of the limited data gathered during the course of the 
environmental site assessment.  No other warranty, express or implied, is made. 
 
 Specifically, USACE does not and cannot represent that the site contains no 
hazardous waste or material, oil (including petroleum products), or other latent condition 
beyond that observed by USACE during its site assessment. 
 
 The observations described in this report were made under the conditions stated 
herein.  The conclusions presented in the report were based solely upon the services 
described therein, and not on scientific tasks or procedure beyond the scope of described 
services or the time and budgetary constraints imposed by the client.  Furthermore, such 
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conclusions are based solely on site condition, and rules and regulations, which were in 
effect, at the time of the study. 
 
 In preparing this report, USACE relied on certain information provided by state 
and local officials and other parties referenced therein, and on information contained in 
the files of state and/or local agencies available to USACE at the time of the site 
assessment.  Although there may have been some degree of overlap in the information 
provided by these various sources, an attempt to independently verify the accuracy or 
completeness of all information reviewed or received during the course of this site 
assessment was not made. 
 
 Observations were made of the site and of structures on the site as indicated 
within the report.  Where access to portions of the site or to structures on the site was 
unavailable or limited, USACE renders no opinion as to the presence of indirect evidence 
relating to hazardous waste or material or oil, or other petroleum products in that portion 
of the site or structure.  In addition, USACE renders no opinion as to the presence of 
hazardous waste or material, oil or other petroleum products or to the presence of indirect 
evidence relating to hazardous material, oil, or petroleum products where direct 
observation of the interior walls, floor, roof, or ceiling of a structure on a site was 
obstructed by objects or coverings on or over these surfaces. 
 
 Unless otherwise specified in the report, USACE did not perform testing or 
analyses to determine the presence or concentration of asbestos, radon, formaldehyde, 
lead-based paint, lead in drinking water, electromagnetic fields (EMFs) or 
polychlorinated biphenyls (PCBs) at the site or in the environment at the site. 
 
 The purpose of this report was to assess the physical characteristics of the subject 
site with respect to the presence in the environment of hazardous waste or material, oil, or 
petroleum products.  No specific attempt was made to check on the compliance of present 
or past owners or operators of the site with federal, state, or local laws and regulations, 
environmental or otherwise. 

 
 
XI References 
 

• E1527-05: Standard Practice for Environmental Site Assessments – Phase I 
Environmental Site Assessment Process, ASTM 

 
• E1528-06: Standard Practice for Limited Environmental Due Diligence: Transaction 

Screen Process (interview questionnaire), ASTM 
 
 
XII Qualifications 
 

 USACE EC-HQ has the specific qualifications based on education, training and 
experience to assess a property of the nature, history, and setting of the subject properties 
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and declare that, to the best of our professional knowledge and belief meet the definitions of 
Environmental Professionals as defined under 40 CFR 312. 

 
 
XIII Appendices 
 
 Appendix A - EDR Database Search Report 
 Appendix B - Historic Records 
 Appendix C - Photographs 
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EXECUTIVE SUMMARY

TC2093634.1s  EXECUTIVE SUMMARY 1

TARGET PROPERTY INFORMATION

ADDRESS

LOUISIANA, MO  63353
LOUISIANA, MO 63353

DATABASES WITH NO MAPPED SITES

No mapped sites were found in EDR’s search of available ("reasonably ascertainable ") government
records within the requested search area for the following databases:

FEDERAL RECORDS

NPL National Priority List
Proposed NPL Proposed National Priority List Sites
Delisted NPL National Priority List Deletions
NPL LIENS Federal Superfund Liens
CERCLIS Comprehensive Environmental Response, Compensation, and Liability Information System
CERC-NFRAP CERCLIS No Further Remedial Action Planned
CORRACTS Corrective Action Report
RCRA-TSDF Resource Conservation and Recovery Act Information
RCRA-LQG Resource Conservation and Recovery Act Information
RCRA-SQG Resource Conservation and Recovery Act Information
ERNS Emergency Response Notification System
HMIRS Hazardous Materials Information Reporting System
US ENG CONTROLS Engineering Controls Sites List
US INST CONTROL Sites with Institutional Controls
DOD Department of Defense Sites
FUDS Formerly Used Defense Sites
US BROWNFIELDS A Listing of Brownfields Sites
CONSENT Superfund (CERCLA) Consent Decrees
ROD Records Of Decision
UMTRA Uranium Mill Tailings Sites
ODI Open Dump Inventory
TRIS Toxic Chemical Release Inventory System
TSCA Toxic Substances Control Act
FTTS FIFRA/ TSCA Tracking System - FIFRA (Federal Insecticide, Fungicide, & Rodenticide
                                                Act)/TSCA (Toxic Substances Control Act)
SSTS Section 7 Tracking Systems
LIENS 2 CERCLA Lien Information
RADINFO Radiation Information Database
US CDL Clandestine Drug Labs
HIST FTTS FIFRA/TSCA Tracking System Administrative Case Listing
DEBRIS REGION 9 Torres Martinez Reservation Illegal Dump Site Locations
ICIS Integrated Compliance Information System
LUCIS Land Use Control Information System
DOT OPS Incident and Accident Data
PADS PCB Activity Database System
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EXECUTIVE SUMMARY

TC2093634.1s  EXECUTIVE SUMMARY 2

MLTS Material Licensing Tracking System
MINES Mines Master Index File
FINDS Facility Index System/Facility Registry System
RAATS RCRA Administrative Action Tracking System

STATE AND LOCAL RECORDS

MO SHWS Registry of Confirmed Abandoned or Uncontrolled Hazardous Waste Disposal Sites
IL SHWS State Oversight List
MO DEL SHWS Registry Sites Withdrawn or Deleted
MO SWF/LF Permitted Facility List
IL SWF/LF Available Disposal for Solid Waste in Illinois - Solid Waste Landfills Subject to
                                                State Surcharge
MO HIST LF Solid Waste Facility Database List
IL LUST Leaking Underground Storage Tank Sites
IL UST Underground Storage Tank Facility List
MO LAST Leaking Aboveground Storage Tanks
MO AST Aboveground Petroleum Storage Tanks
MO SPILLS Environmental Response Tracking Database
IL SPILLS State spills
MO AUL Sites with Controls
IL Inst Control Institutional Controls
MO VCP Voluntary Cleanup Program Site Listing
IL SRP Site Remediation Program Database
MO DRYCLEANERS Drycleaners in Missouri Listing
IL DRYCLEANERS Illinois Licensed Drycleaners
MO BROWNFIELDS Brownfields Site List
IL BROWNFIELDS Municipal Brownfields Redevelopment Grant Program Project Descriptions
MO CDL Environmental Emergency Response System
IL CDL Meth Drug Lab Site Listing
MO RRC Certified Hazardous Waste Resource Recovery Facilities
MO NPDES Permitted Facility Listing

TRIBAL RECORDS

INDIAN RESERV Indian Reservations
INDIAN LUST Leaking Underground Storage Tanks on Indian Land
INDIAN UST Underground Storage Tanks on Indian Land

EDR PROPRIETARY RECORDS

Manufactured Gas Plants EDR Proprietary Manufactured Gas Plants

SURROUNDING SITES: SEARCH RESULTS

Surrounding sites were identified.

Page numbers and map identification numbers refer to the EDR Radius Map report where detailed data on
individual sites can be reviewed.

Sites listed in bold italics are in multiple databases.

Unmappable (orphan) sites are not considered in the foregoing analysis.
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EXECUTIVE SUMMARY

TC2093634.1s  EXECUTIVE SUMMARY 3

STATE AND LOCAL RECORDS

MO LUST: Leaking Underground Storage Tanks.

     A review of the MO LUST list, as provided by EDR, and dated 10/02/2007 has revealed that there is 1
     MO LUST site  within the searched area.

PageMap ID     Address     Site __________     ________     ________

31  PO BOX 13     TED SHANKS WILDLIFE AREA

MO UST: Underground Storage Tank Information.

     A review of the MO UST list, as provided by EDR, and dated 10/02/2007 has revealed that there is 1 MO
     UST site  within the searched area.

PageMap ID     Address     Site __________     ________     ________

31  PO BOX 13     TED SHANKS WILDLIFE AREA
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EXECUTIVE SUMMARY

TC2093634.1s  EXECUTIVE SUMMARY 4

Please refer to the end of the findings report for unmapped orphan sites due to poor or inadequate address information.
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MAP FINDINGS SUMMARY

Total
Database Plotted

FEDERAL RECORDS

    0NPL
    0Proposed NPL
    0Delisted NPL
    0NPL LIENS
    0CERCLIS
    0CERC-NFRAP
    0CORRACTS
    0RCRA TSD
    0RCRA Lg. Quan. Gen.
    0RCRA Sm. Quan. Gen.
    0ERNS
    0HMIRS
    0US ENG CONTROLS
    0US INST CONTROL
    0DOD
    0FUDS
    0US BROWNFIELDS
    0CONSENT
    0ROD
    0UMTRA
    0ODI
    0TRIS
    0TSCA
    0FTTS
    0SSTS
    0LIENS 2
    0RADINFO
    0CDL
    0HIST FTTS
    0DEBRIS REGION 9
    0ICIS
    0LUCIS
    0DOT OPS
    0PADS
    0MLTS
    0MINES
    0FINDS
    0RAATS

STATE AND LOCAL RECORDS

    0MO State Haz. Waste
    0IL State Haz. Waste
    0MO DEL SHWS
    0MO State Landfill
    0IL State Landfill
    0MO HIST LF
    1MO LUST
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MAP FINDINGS SUMMARY

Total
Database Plotted

    0IL LUST
    1MO UST
    0IL UST
    0MO LAST
    0MO AST
    0MO SPILLS
    0IL SPILLS
    0MO AUL
    0IL Inst Control
    0MO VCP
    0IL SRP
    0MO DRYCLEANERS
    0IL DRYCLEANERS
    0MO BROWNFIELDS
    0IL BROWNFIELDS
    0MO CDL
    0IL CDL
    0MO RRC
    0MO NPDES

TRIBAL RECORDS

    0INDIAN RESERV
    0INDIAN LUST
    0INDIAN UST

EDR PROPRIETARY RECORDS

    0Manufactured Gas Plants

NOTES:

   Sites may be listed in more than one database
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MAP FINDINGS
Map ID

EDR ID NumberDirection
Distance

EPA ID NumberDatabase(s)SiteDistance (ft.)

                                        39.52505 -91.16322Lat/Long:
          NERegion:
          163Facility Cnty:
          Not reportedFacility Addr2:
          Not reportedSigner’s Title:
          DAVENPORT, EUserName:
          JERRY L. GOFF (PER LETTER)Signer:
          SUPERVISORContact Title:
          JOHN BOYLESContact:

Facility:

          ST0011913Facility ID:
UST:

05-25-94 - DT - SITE CLOSED.Comments:
                                        Not reportedLat/Long (dms):
                                        Not reportedLust 4 Flag Date:
                                        NoLust 4 Flag:
                                        Not reportedLust 3b Flag Date:
                                        NoLust 3b Flag:
                                        9/30/2003Lust 3a Flag Date:
                                        YesLust 3a Flag:
                                        Not reportedLust 2b Flag Date:
                                        NoLust 2b Flag:
                                        9/30/2003Lust 2a Flag Date:
                                        YesLust 2a Flag:
                                        NoSite Affectd By Funding Level From PSTIF:
                                        Not reportedDate Remediation Unit Closed The File:
                                        YesFacility Sent To State Archive:
                                        Not reportedPerson Adding Or Editing Record:
                                        Not reportedDate Record Edited:
                                        6/30/1995Date Added:
                                        Not reportedNext Correspondence/Update With Fac:
                                        LProject Manager:
                                        Not reportedDate Of NFA Letter From DNR:
                                        NoRBCA NFA:
                                        OtherRemediation Techniques:
                                        Not reportedContractor Performing Clean Up:
                                        Not reportedReferred To DGLS for Investigation:
                                        5/25/1994Date Cleanup Finished:
                                        5/1/1990Date Cleanup Started:
                                        Not reportedMedia Affected:
                                        Not reportedSource:
                                        UNDERGROUND STORAGE TANKRelease Type:
                                        Not reportedEmergency Cleanup Start:
                                        Not reportedEmergeny Reponse Date:
                                        12/29/1993Release Date:
                                        Not reportedSpill Number:
                                        Not reportedRank:
                                        1Funding Agency:
                                        NoActive:
                                        R004552Remediation ID:
                                        Not reportedDate Record Meets Archive Criteria:
                                        ST0011913Facility ID:

LUST:

ASHBURN, MO  63433
MO USTPO BOX 13    N/A

1 MO LUSTTED SHANKS WILDLIFE AREA U001158305
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MAP FINDINGS
Map ID

EDR ID NumberDirection
Distance

EPA ID NumberDatabase(s)SiteDistance (ft.)

                                        NoMail Was Not Deliverable:
          7514115Owner Phone:
          51Owner County Code:
          JEFFERSON CITY, MO 65101Owner City,St,Zip:
          2901 W TRUMAN BLVDOwner Address:
          MO DEPT OF CONSERVATIONOwner Name:
          GSOwner Class:
          OW10225Owner ID:

Owner:

          NoNew Facility:
          6/16/1986Date Received:
          6171Telephone Suffix:
          754Telephone Prefix:
          573Area Code:
          NoRP Undeliverable:
          Not reportedRP Telephone Suffix:
          Not reportedRP Telephone Prefix:
          Not reportedRP Area Code:
          Not reportedResp Party City,St,Zip:
          Not reportedResp Party Addr:
          Not reportedRP Contact:
          Not reportedResp Party:
          Not reportedArchive Date:
          NoMoratorium:
          RegisteredFacility Status:
          NoLabel Printed:
          NoHouse Bill:
          NoArchive:
          NoReceipt:
          NoCreate Invoice:
          Not reportedDt Certificate Printed:
          NoCertificate Printed:
          8/11/2000Date Edited:
          6/30/1995Date Added:
          Not reportedRegistration End Date:
          Not reportedRegistration Start:
          UFacility Type:
          NoActive:
                                        Not reportedDate Gis Data Collected:
                                        Not reportedGeospatial Elevation Refernce Datum:
                                        Not reportedGeospatial Elevation Method:
                                        Not reportedGeospatial Data Collected By:
                                        Not reportedGeospatial Source Data Location:
                                        Not reportedWhere Geospatial Data Collected On Site:
                                        Not reportedGeospatial Horizontal Reference Datum:
                                        Not reportedGeospatial Point Line Area Indicator:
                                        Not reportedDeviation In Meters; Feet; Pdop; Score:
                                        0Amount Paid:
                                        0Amount Due:
                                        Not reportedAmount Of Deviation In Accuracy:
                                        5Owner Of Geospatial Data:
                                        8Accuracy Of Geospatial Data:
                                        Z1Method Data Was Obtained:
                                        0Number Of Tanks Upgraded:
                                        Not reportedNorthing:
                                        Not reportedEasting:
                                        :: ::Lat/Long (dms):

TED SHANKS WILDLIFE AREA  (Continued) U001158305
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MAP FINDINGS
Map ID

EDR ID NumberDirection
Distance

EPA ID NumberDatabase(s)SiteDistance (ft.)

                                        5/25/1994Date Of Aprroval Letter:
                                        4/4/1991Date Received:
                                        Not reportedClosure Notice Number:
                                        NoTank Used For Emergency Genrtr:
                                        5/25/1994Date Of NFA Letter:
                                        NoTank Equiped With Spill Protection:
                                        0Amount Curently Due:
                                        0Amt Assessed By The Current Cycle:
                                        Not reportedDate Record Edited:
                                        6/30/1995Date Record Added:
                                        0Registration Fee 585:
                                        Not reportedAdmin Fee 585:
                                        Not reportedTemporary Status Verified Date:
                                        Not reportedResponsible Person Expediting Closure:
                                        NoExpedite Closure On Tank?:
                                        NoTank Fees Waived:
                                        5/25/1994Tnk Permanently Closed/ Removed:
                                        5/25/1994Tank Last Used:
                                        NoHaz Substance A Mixture:
                                        Not reportedCase # Of The Primary Haz Sub:
                                        Not reportedName Of Haz. Substance:
                                        Not reportedOther Type Of Tank Subst:
                                        Gasoline, including blendsType Of Subst Tank Holds:
                                        Not reportedOther Type Of Pipe Rel Detctn:
                                        Not reportedPipe Release Detection:
                                        Not reportedPipe Protection Date:
                                        Not reportedPipe Protection:
                                        Not reportedOther Type Of Pipe Mat:
                                        SPipe Material:
                                        Not reportedPiping System:
                                        Not reportedTypes Of Overfill:
                                        Not reportedDT Tank Release Detection Installed:
                                        Not reportedOther Tank Rel Detection Methods:
                                        Not reportedDT Tank Release Detection Installed:
                                        Not reportedTank External Protec Date:
                                        Not reportedOther Type Tank Extrn Protec:
                                        Painted, e.g. AsphalticTank External Protec Date:
                                        Not reportedTank Internal Protection Date:
                                        Not reportedOther Tank Internal Protection:
                                        No linintTank Internal Protection Date:
                                        Not reportedOther Type Of Tank Material:
          SSubstance:
          Not reportedDate Piping Installed:
          Not reportedDate Tank Installed:
          NoMeet 98:
          1000Capacity:
          RemovedTank Status:
          Below GroundTank Type:
          1Tank ID:

1-1000 GAL GAS, 1-500 GAL DIESELComments:

                                        Not reportedName of Person Editing Record:
          Not reportedDate Record Edited:
          6/30/1995Date Record Added:
                                        Not reportedDate Registration Received:
          NoIs Owner Active?:

TED SHANKS WILDLIFE AREA  (Continued) U001158305
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MAP FINDINGS
Map ID

EDR ID NumberDirection
Distance

EPA ID NumberDatabase(s)SiteDistance (ft.)

                                        1/12/1994Date Closure Report Recvd:
                                        MO DEPT OF CONSERVATIONFirm Closing Tank:
                                        5/25/1994Date Of Aprroval Letter:
                                        4/4/1991Date Received:
                                        Not reportedClosure Notice Number:
                                        NoTank Used For Emergency Genrtr:
                                        5/25/1994Date Of NFA Letter:
                                        NoTank Equiped With Spill Protection:
                                        0Amount Curently Due:
                                        0Amt Assessed By The Current Cycle:
                                        Not reportedDate Record Edited:
                                        6/30/1995Date Record Added:
                                        0Registration Fee 585:
                                        Not reportedAdmin Fee 585:
                                        Not reportedTemporary Status Verified Date:
                                        Not reportedResponsible Person Expediting Closure:
                                        NoExpedite Closure On Tank?:
                                        NoTank Fees Waived:
                                        5/25/1994Tnk Permanently Closed/ Removed:
                                        5/25/1994Tank Last Used:
                                        NoHaz Substance A Mixture:
                                        Not reportedCase # Of The Primary Haz Sub:
                                        Not reportedName Of Haz. Substance:
                                        Not reportedOther Type Of Tank Subst:
                                        DieselType Of Subst Tank Holds:
                                        Not reportedOther Type Of Pipe Rel Detctn:
                                        Not reportedPipe Release Detection:
                                        Not reportedPipe Protection Date:
                                        Not reportedPipe Protection:
                                        Not reportedOther Type Of Pipe Mat:
                                        SPipe Material:
                                        Not reportedPiping System:
                                        Not reportedTypes Of Overfill:
                                        Not reportedDT Tank Release Detection Installed:
                                        Not reportedOther Tank Rel Detection Methods:
                                        Not reportedDT Tank Release Detection Installed:
                                        Not reportedTank External Protec Date:
                                        Not reportedOther Type Tank Extrn Protec:
                                        Painted, e.g. AsphalticTank External Protec Date:
                                        Not reportedTank Internal Protection Date:
                                        Not reportedOther Tank Internal Protection:
                                        No linintTank Internal Protection Date:
                                        Not reportedOther Type Of Tank Material:
          SSubstance:
          Not reportedDate Piping Installed:
          Not reportedDate Tank Installed:
          NoMeet 98:
          560Capacity:
          RemovedTank Status:
          Below GroundTank Type:
          2Tank ID:

          ST0011913Facility ID:

          Not reportedRegistration End:
                                        1/12/1994Date Closure Report Recvd:
                                        MO DEPT OF CONSERVATIONFirm Closing Tank:

TED SHANKS WILDLIFE AREA  (Continued) U001158305
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MAP FINDINGS
Map ID

EDR ID NumberDirection
Distance

EPA ID NumberDatabase(s)SiteDistance (ft.)

          Not reportedRegistration End:
                                        5/3/1994Date Closure Report Recvd:
                                        MO DEPT OF CONSERVATIONFirm Closing Tank:
                                        5/4/1994Date Of Aprroval Letter:
                                        4/4/1991Date Received:
                                        Not reportedClosure Notice Number:
                                        NoTank Used For Emergency Genrtr:
                                        5/4/1994Date Of NFA Letter:
                                        NoTank Equiped With Spill Protection:
                                        0Amount Curently Due:
                                        0Amt Assessed By The Current Cycle:
                                        Not reportedDate Record Edited:
                                        6/30/1995Date Record Added:
                                        0Registration Fee 585:
                                        Not reportedAdmin Fee 585:
                                        Not reportedTemporary Status Verified Date:
                                        Not reportedResponsible Person Expediting Closure:
                                        NoExpedite Closure On Tank?:
                                        NoTank Fees Waived:
                                        5/4/1994Tnk Permanently Closed/ Removed:
                                        5/4/1994Tank Last Used:
                                        NoHaz Substance A Mixture:
                                        Not reportedCase # Of The Primary Haz Sub:
                                        Not reportedName Of Haz. Substance:
                                        Not reportedOther Type Of Tank Subst:
                                        DieselType Of Subst Tank Holds:
                                        Not reportedOther Type Of Pipe Rel Detctn:
                                        Not reportedPipe Release Detection:
                                        Not reportedPipe Protection Date:
                                        Not reportedPipe Protection:
                                        Not reportedOther Type Of Pipe Mat:
                                        SPipe Material:
                                        Not reportedPiping System:
                                        Not reportedTypes Of Overfill:
                                        Not reportedDT Tank Release Detection Installed:
                                        Not reportedOther Tank Rel Detection Methods:
                                        Not reportedDT Tank Release Detection Installed:
                                        Not reportedTank External Protec Date:
                                        Not reportedOther Type Tank Extrn Protec:
                                        Not reportedTank External Protec Date:
                                        Not reportedTank Internal Protection Date:
                                        Not reportedOther Tank Internal Protection:
                                        Interior liningTank Internal Protection Date:
                                        Not reportedOther Type Of Tank Material:
          FSubstance:
          Not reportedDate Piping Installed:
          Not reportedDate Tank Installed:
          NoMeet 98:
          2000Capacity:
          RemovedTank Status:
          Below GroundTank Type:
          3Tank ID:

          ST0011913Facility ID:

          Not reportedRegistration End:

TED SHANKS WILDLIFE AREA  (Continued) U001158305
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MAP FINDINGS
Map ID

EDR ID NumberDirection
Distance

EPA ID NumberDatabase(s)SiteDistance (ft.)

          ST0011913Facility ID:

          Not reportedRegistration End:
                                        5/3/1994Date Closure Report Recvd:
                                        MO DEPT OF CONSERVATIONFirm Closing Tank:
                                        5/4/1994Date Of Aprroval Letter:
                                        4/4/1991Date Received:
                                        Not reportedClosure Notice Number:
                                        NoTank Used For Emergency Genrtr:
                                        5/4/1994Date Of NFA Letter:
                                        NoTank Equiped With Spill Protection:
                                        0Amount Curently Due:
                                        0Amt Assessed By The Current Cycle:
                                        Not reportedDate Record Edited:
                                        6/30/1995Date Record Added:
                                        0Registration Fee 585:
                                        Not reportedAdmin Fee 585:
                                        Not reportedTemporary Status Verified Date:
                                        Not reportedResponsible Person Expediting Closure:
                                        NoExpedite Closure On Tank?:
                                        NoTank Fees Waived:
                                        5/4/1994Tnk Permanently Closed/ Removed:
                                        5/4/1994Tank Last Used:
                                        NoHaz Substance A Mixture:
                                        Not reportedCase # Of The Primary Haz Sub:
                                        Not reportedName Of Haz. Substance:
                                        Not reportedOther Type Of Tank Subst:
                                        DieselType Of Subst Tank Holds:
                                        Not reportedOther Type Of Pipe Rel Detctn:
                                        Not reportedPipe Release Detection:
                                        Not reportedPipe Protection Date:
                                        Not reportedPipe Protection:
                                        Not reportedOther Type Of Pipe Mat:
                                        SPipe Material:
                                        Not reportedPiping System:
                                        Not reportedTypes Of Overfill:
                                        Not reportedDT Tank Release Detection Installed:
                                        Not reportedOther Tank Rel Detection Methods:
                                        Not reportedDT Tank Release Detection Installed:
                                        Not reportedTank External Protec Date:
                                        Not reportedOther Type Tank Extrn Protec:
                                        Not reportedTank External Protec Date:
                                        Not reportedTank Internal Protection Date:
                                        Not reportedOther Tank Internal Protection:
                                        Interior liningTank Internal Protection Date:
                                        Not reportedOther Type Of Tank Material:
          FSubstance:
          Not reportedDate Piping Installed:
          Not reportedDate Tank Installed:
          NoMeet 98:
          2000Capacity:
          RemovedTank Status:
          Below GroundTank Type:
          4Tank ID:

          ST0011913Facility ID:

TED SHANKS WILDLIFE AREA  (Continued) U001158305
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MAP FINDINGS
Map ID

EDR ID NumberDirection
Distance

EPA ID NumberDatabase(s)SiteDistance (ft.)

          Not reportedRegistration End:
                                        10/12/1994Date Closure Report Recvd:
                                        Not reportedFirm Closing Tank:
                                        Not reportedDate Of Aprroval Letter:
                                        Not reportedDate Received:
                                        Not reportedClosure Notice Number:
                                        NoTank Used For Emergency Genrtr:
                                        10/19/1994Date Of NFA Letter:
                                        NoTank Equiped With Spill Protection:
                                        0Amount Curently Due:
                                        0Amt Assessed By The Current Cycle:
                                        Not reportedDate Record Edited:
                                        6/30/1995Date Record Added:
                                        0Registration Fee 585:
                                        Not reportedAdmin Fee 585:
                                        Not reportedTemporary Status Verified Date:
                                        Not reportedResponsible Person Expediting Closure:
                                        NoExpedite Closure On Tank?:
                                        NoTank Fees Waived:
                                        10/19/1994Tnk Permanently Closed/ Removed:
                                        5/26/1994Tank Last Used:
                                        NoHaz Substance A Mixture:
                                        Not reportedCase # Of The Primary Haz Sub:
                                        Not reportedName Of Haz. Substance:
                                        Not reportedOther Type Of Tank Subst:
                                        OtherType Of Subst Tank Holds:
                                        Not reportedOther Type Of Pipe Rel Detctn:
                                        Not reportedPipe Release Detection:
                                        Not reportedPipe Protection Date:
                                        Not reportedPipe Protection:
                                        Not reportedOther Type Of Pipe Mat:
                                        SPipe Material:
                                        Not reportedPiping System:
                                        Not reportedTypes Of Overfill:
                                        Not reportedDT Tank Release Detection Installed:
                                        Not reportedOther Tank Rel Detection Methods:
                                        Not reportedDT Tank Release Detection Installed:
                                        Not reportedTank External Protec Date:
                                        Not reportedOther Type Tank Extrn Protec:
                                        Painted, e.g. AsphalticTank External Protec Date:
                                        Not reportedTank Internal Protection Date:
                                        Not reportedOther Tank Internal Protection:
                                        No linintTank Internal Protection Date:
                                        Not reportedOther Type Of Tank Material:
          SSubstance:
          Not reportedDate Piping Installed:
          Not reportedDate Tank Installed:
          NoMeet 98:
          1000Capacity:
          RemovedTank Status:
          Below GroundTank Type:
          5Tank ID:

TED SHANKS WILDLIFE AREA  (Continued) U001158305
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ROCKPORT U003308577 RONS AUTOMATIVE HWY 96 62370 IL UST
ROCKPORT U003308613 TWO RIVERS MARINA ROUTE 1 BOX 106 62370 IL UST
PIKE STATION U003308567 MARK TWAIN MWR DELAIR DIV 2 MI SW OF HWY 54 62370 IL UST
LOUISIANA S107855404 SAINT LOUIS UNIVERSITY - STATE ROUTE UU 63353 MO NPDES
LOUISIANA S108435605 PIKE 248 63353 MO SPILLS, MO CDL
LOUISIANA S108271228 245 PIKE 63353 MO SPILLS, MO CDL
LOUISIANA S108230523 DYNO NOBEL-LOMO PLANT 11025 HWY D 63353 MO NPDES
LOUISIANA 1009651556 TED BROWN 206 BROWN LANE 63353 FINDS
LOUISIANA S108230863 TED BROWN HAULING & BACKH 206 BROWN LANE 63353 MO NPDES

FROM OPEN POTS OF OF
LOUISIANA 98585221 BEADS OF MERCURY WERE SPILLED IN WORK AREA BEADS OF MERCURY WERE SPILLED IN WORK AREA FROM OPEN POTS 63353 ERNS
LOUISIANA U003980209 ABEL OIL CO INC - BULK PLANT HWY 79 S 63353 MO UST
LOUISIANA U001160113 CROUDERS 66 - SOLD HWY 79 63353 MO UST
LOUISIANA S107855393 S-S-S INCORPORATED HWY 79 SOUTH 63353 MO NPDES
LOUISIANA S107854962 PIKE COUNTY CONCRETE 10349 HWY 79 63353 MO NPDES
LOUISIANA A100204878 ABEL OIL COMPANY 10406 HWY 79 63353 MO AST
LOUISIANA 1009509953 AQUALON CO HWY 79 AT COUNTY D  BOX 429 63353 FTTS, HIST FTTS
LOUISIANA 1009509952 AQUALON CO HWY 79 & COUNTY RD D 63353 FTTS, HIST FTTS
LOUISIANA 1007268915 AQUALON CO HWY 79 AT COUNTY D  BOX 429 63353 FTTS, HIST FTTS
LOUISIANA 1003073179 LOUISIANA FMGP #2 HWY 79 & COUNTY ROAD D 63353 CERCLIS, FINDS, CERC-NFRAP
LOUISIANA U003197887 LOUISIANA PETRO-CARD HIGHWAY 54 WEST ROUTE 2 - BOX 149 63353 MO UST
LOUISIANA S107855908 SUNDERLAND SAWMILL 19829 HWY 54 63353 MO NPDES
LOUISIANA S106120476 LOUISIANA PETRO-CARD HIGHWAY 54 WEST ROUTE 2 - BOX 149 63353 MO LUST
LOUISIANA 1000830612 STARK BROTHERS NURSERIES ORCHARDS HWY 54 W 63353 RCRA-SQG, FINDS
LOUISIANA 1004538511 ACE FEED & FERTILIZERS, INC RT 2, BOX 426 63353 FINDS, FTTS, HIST FTTS
ATLAS S108050120 U.S. HWY. 54, .3 MILES WEST OF IL 9 62370 IL CDL

ORPHAN SUMMARY

City EDR ID Site Name Site Address Zip Database(s)
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http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=64ce6G0S4RgdcyhZeNKh3hXlGrEq0mdVSZYFAnDmRBHbglOZdPCM4E37yXU4hQsNZ8Zn3RwTNEvsKeMzhLWH8Nf7hDaxXxbJl7lU4dGfrzK5EZfgqYZFAhIAmskHdktKVKTH5t0HZVU4YYP0Fdtk7R6XnsE5DW3UmzWW6VZu4Vl0cfATe64U3wYZGSz30htjSOJX9CAYRbyYgWM0duie44BSydbthMVwZdu35k3PNgn1K784hXbr4TWVhiQfX6q6l88K4UkUrYLmEAVrqNZT3MbEmvDAdqswVqJlAlumZDw6YOdbFhUD6fus4mlNcz7GeXOw4L8hGjwP0iQMSr6t3hkYRltRgeZXdM6m5l8ByYShhp4zZGp.3bz1NQvtKGbchBlDC3LzhkcuXr6xlrvk6.PHrSb.EavjqoVK9Y56m44MdkGDVSjS6lieZguyYAD0FMu.7yTbnffVDPxhmeGZ21GiB3q0HNwtbqyG4xXClWpDOOUDZVhUvPdyPu71C3z3MFoP6GO84zZrcMtLenSl4HWvGwM00WEYSguA3.JbR9p3gi3edfyvXuCCyMdehdcMZmdD3GELNkJXKxurhhgX3fNXhU10X48glCzH6oiBrmgtE9tfquEv6zXGme3edM5xVMRT3LvMZ1mAYf67FFE1BTA7nSc4DTg0mw3E8KGvBLh1HW4KbPxbAAo8lVGAOic.ZsbbA3LZP5wNCwGGMHPO3
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=64ce6G0S4RgdcyhZeNKh3hXlGrEq0mdVSZYFAnDmRBHbglOZdPCM4E37yXU4hQsNZ8Zn3RwTNEvsKeMzhLWH8Nf7hDaxXxbJl7lU4dGfrzK5EZfgqYZFAhIAmskHdktKVKTH5t0HZVU4YYP0Fdtk7R6XnsE5DW3UmzWW6VZu4Vl0cfATe64U3wYZGSz30htjSOJX9CAYRbyYgWM0duie44BSydbthMVwZdu35k3PNgn1K784hXbr4TWVhiQfX6q6l88K4UkUrYLmEAVrqNZT3MbEmvDAdqswVqJlAlumZDw6YOdbFhUD6fus4mlNcz7GeXOw4L8hGjwP0iQMSr6t3hkYRltRgeZXdM6m5l8ByYShhp4zZGp.3bz1NQvtKGbchBlDC3LzhkcuXr6xlrvk6.PHrSb.EavjqoVK9Y56m44MdkGDVSjS6lieZguyYAD0FMu.7yTbnffVDPxhmeGZ21GiB3q0HNwtbqyG4xXClWpDOOUDZVhUvPdyPu71C3z3MFoP6GO84zZrcMtLenSl4HWvGwM00WEYSguA3.JbR9p3gi3edfyvXuCCyMdehdcMZmdD3GELNkJXKxurhhgX3fNXhU10X48glCzH6oiBrmgtE9tfquEv6zXGme3edM5xVMRT3LvMZ1mAYf67FFE1BTA7nSc4DTg0mw3E9KGvBLh1HW4KbPxb4Ao8lVGAOic.Zsbb63LZP5wNCwGGMHPO3
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=64ce6G0S4RgdcyhZeNKh3hXlGrEq0mdVSZYFAnDmRBHbglOZdPCM4E37yXU4hQsNZ8Zn3RwTNEvsKeMzhLWH8Nf7hDaxXxbJl7lU4dGfrzK5EZfgqYZFAhIAmskHdktKVKTH5t0HZVU4YYP0Fdtk7R6XnsE5DW3UmzWW6VZu4Vl0cfATe64U3wYZGSz30htjSOJX9CAYRbyYgWM0duie44BSydbthMVwZdu35k3PNgn1K784hXbr4TWVhiQfX6q6l88K4UkUrYLmEAVrqNZT3MbEmvDAdqswVqJlAlumZDw6YOdbFhUD6fus4mlNcz7GeXOw4L8hGjwP0iQMSr6t3hkYRltRgeZXdM6m5l8ByYShhp4zZGp.3bz1NQvtKGbchBlDC3LzhkcuXr6xlrvk6.PHrSb.EavjqoVK9Y56m44MdkGDVSjS6lieZguyYAD0FMu.7yTbnffVDPxhmeGZ21GiB3q0HNwtbqyG4xXClWpDOOUDZVhUvPdyPu71C3z3MFoP6GO84zZrcMtLenSl4HWvGwM00WEYSguA3.JbR9p3gi3edfyvXuCCyMdehdcMZmdD3GELNkJXKxurhhgX3fNXhU10X48glCzH6oiBrmgtE9tfquEv6zXGme3edM5xVMRT3LvMZ1mAYf67FFE1BTA7nSc4DTg0mw3E8KGvBLh1HW4KbPxb9Ao8lVGAOic.ZsbbA3LZP5wNCwGGMHPO3
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http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=64ce6G0S4RgdcyhZeNKh3hXlGrEq0mdVSZYFAnDmRBHbglOZdPCM4E37yXU4hQsNZ8Zn3RwTNEvsKeMzhLWH8Nf7hDaxXxbJl7lU4dGfrzK5EZfgqYZFAhIAmskHdktKVKTH5t0HZVU4YYP0Fdtk7R6XnsE5DW3UmzWW6VZu4Vl0cfATe64U3wYZGSz30htjSOJX9CAYRbyYgWM0duie44BSydbthMVwZdu35k3PNgn1K784hXbr4TWVhiQfX6q6l88K4UkUrYLmEAVrqNZT3MbEmvDAdqswVqJlAlumZDw6YOdbFhUD6fus4mlNcz7GeXOw4L8hGjwP0iQMSr6t3hkYRltRgeZXdM6m5l8ByYShhp4zZGp.3bz1NQvtKGbchBlDC3LzhkcuXr6xlrvk6.PHrSb.EavjqoVK9Y56m44MdkGDVSjS6lieZguyYAD0FMu.7yTbnffVDPxhmeGZ21GiB3q0HNwtbqyG4xXClWpDOOUDZVhUvPdyPu71C3z3MFoP6GO84zZrcMtLenSl4HWvGwM00WEYSguA3.JbR9p3gi3edfyv4uCCyMdehdcMZmdD3GELNkJXKxurhhgX3fNXhU10X48glCzH6oiBrmgtE9tfquEv3zXGme3edM5xVMRTALvMZ1mAYf67FFE16TA7nSc4DTg0mw3E4KGvBLh1HW4KbPxbAAo8lVGAOic.ZsbbC3LZP5wNCwGGMHPO3
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=64ce6G0S4RgdcyhZeNKh3hXlGrEq0mdVSZYFAnDmRBHbglOZdPCM4E37yXU4hQsNZ8Zn3RwTNEvsKeMzhLWH8Nf7hDaxXxbJl7lU4dGfrzK5EZfgqYZFAhIAmskHdktKVKTH5t0HZVU4YYP0Fdtk7R6XnsE5DW3UmzWW6VZu4Vl0cfATe64U3wYZGSz30htjSOJX9CAYRbyYgWM0duie44BSydbthMVwZdu35k3PNgn1K784hXbr4TWVhiQfX6q6l88K4UkUrYLmEAVrqNZT3MbEmvDAdqswVqJlAlumZDw6YOdbFhUD6fus4mlNcz7GeXOw4L8hGjwP0iQMSr6t3hkYRltRgeZXdM6m5l8ByYShhp4zZGp.3bz1NQvtKGbchBlDC3LzhkcuXr6xlrvk6.PHrSb.EavjqoVK9Y56m44MdkGDVSjS6lieZguyYAD0FMu.7yTbnffVDPxhmeGZ21GiB3q0HNwtbqyG4xXClWpDOOUDZVhUvPdyPu71C3z3MFoP6GO84zZrcMtLenSl4HWvGwM00WEYSguA3.JbR9p3gi3edfyvXuCCyMdehdcMZmdD3GELNkJXKxurhhgX3fNXhU10X48glCzH6oiBrmgtE9tfquEv4zXGme3edM5xVMRTCLvMZ1mAYf67FFE1ATA7nSc4DTg0mw3EBKGvBLh1HW4KbPxbBAo8lVGAOic.ZsbbA3LZP5wNCwGGMHPO3
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=64ce6G0S4RgdcyhZeNKh3hXlGrEq0mdVSZYFAnDmRBHbglOZdPCM4E37yXU4hQsNZ8Zn3RwTNEvsKeMzhLWH8Nf7hDaxXxbJl7lU4dGfrzK5EZfgqYZFAhIAmskHdktKVKTH5t0HZVU4YYP0Fdtk7R6XnsE5DW3UmzWW6VZu4Vl0cfATe64U3wYZGSz30htjSOJX9CAYRbyYgWM0duie44BSydbthMVwZdu35k3PNgn1K784hXbr4TWVhiQfX6q6l88K4UkUrYLmEAVrqNZT3MbEmvDAdqswVqJlAlumZDw6YOdbFhUD6fus4mlNcz7GeXOw4L8hGjwP0iQMSr6t3hkYRltRgeZXdM6m5l8ByYShhp4zZGp.3bz1NQvtKGbchBlDC3LzhkcuXr6xlrvk6.PHrSb.EavjqoVK9Y56m44MdkGDVSjS6lieZguyYAD0FMu.7yTbnffVDPxhmeGZ21GiB3q0HNwtbqyG4xXClWpDOOUDZVhUvPdyPu71C3z3MFoP6GO84zZrcMtLenSl4HWvGwM00WEYSguA3.JbR9p3gi3edfyvVuCCyMdehdcMZmdD4GELNkJXKxurhhgX3fNXhU10X48glCzHAoiBrmgtE9tfquEvBzXGme3edM5xVMRT8LvMZ1mAYf67FFE18TA7nSc4DTg0mw3ECKGvBLh1HW4KbPxb3Ao8lVGAOic.ZsbbB3LZP5wNCwGGMHPO3
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=64ce6G0S4RgdcyhZeNKh3hXlGrEq0mdVSZYFAnDmRBHbglOZdPCM4E37yXU4hQsNZ8Zn3RwTNEvsKeMzhLWH8Nf7hDaxXxbJl7lU4dGfrzK5EZfgqYZFAhIAmskHdktKVKTH5t0HZVU4YYP0Fdtk7R6XnsE5DW3UmzWW6VZu4Vl0cfATe64U3wYZGSz30htjSOJX9CAYRbyYgWM0duie44BSydbthMVwZdu35k3PNgn1K784hXbr4TWVhiQfX6q6l88K4UkUrYLmEAVrqNZT3MbEmvDAdqswVqJlAlumZDw6YOdbFhUD6fus4mlNcz7GeXOw4L8hGjwP0iQMSr6t3hkYRltRgeZXdM6m5l8ByYShhp4zZGp.3bz1NQvtKGbchBlDC3LzhkcuXr6xlrvk6.PHrSb.EavjqoVK9Y56m44MdkGDVSjS6lieZguyYAD0FMu.7yTbnffVDPxhmeGZ21GiB3q0HNwtbqyG4xXClWpDOOUDZVhUvPdyPu71C3z3MFoP6GO84zZrcMtLenSl4HWvGwM00WEYSguA3.JbR9p3gi3edfyvVuCCyMdehdcMZmdD4GELNkJXKxurhhgX3fNXhU10X48glCzH9oiBrmgtE9tfquEv4zXGme3edM5xVMRT5LvMZ1mAYf67FFE13TA7nSc4DTg0mw3E7KGvBLh1HW4KbPxbAAo8lVGAOic.Zsbb93LZP5wNCwGGMHPO3
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=64ce6G0S4RgdcyhZeNKh3hXlGrEq0mdVSZYFAnDmRBHbglOZdPCM4E37yXU4hQsNZ8Zn3RwTNEvsKeMzhLWH8Nf7hDaxXxbJl7lU4dGfrzK5EZfgqYZFAhIAmskHdktKVKTH5t0HZVU4YYP0Fdtk7R6XnsE5DW3UmzWW6VZu4Vl0cfATe64U3wYZGSz30htjSOJX9CAYRbyYgWM0duie44BSydbthMVwZdu35k3PNgn1K784hXbr4TWVhiQfX6q6l88K4UkUrYLmEAVrqNZT3MbEmvDAdqswVqJlAlumZDw6YOdbFhUD6fus4mlNcz7GeXOw4L8hGjwP0iQMSr6t3hkYRltRgeZXdM6m5l8ByYShhp4zZGp.3bz1NQvtKGbchBlDC3LzhkcuXr6xlrvk6.PHrSb.EavjqoVK9Y56m44MdkGDVSjS6lieZguyYAD0FMu.7yTbnffVDPxhmeGZ21GiB3q0HNwtbqyG4xXClWpDOOUDZVhUvPdyPu71C3z3MFoP6GO84zZrcMtLenSl4HWvGwM00WEYSguA3.JbR9p3gi3edfyv4uCCyMdehdcMZmdD3GELNkJXKxurhhgX3fNXhU10X48glCzH3oiBrmgtE9tfquEvBzXGme3edM5xVMRT6LvMZ1mAYf67FFE13TA7nSc4DTg0mw3E9KGvBLh1HW4KbPxb4Ao8lVGAOic.Zsbb53LZP5wNCwGGMHPO3
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=64ce6G0S4RgdcyhZeNKh3hXlGrEq0mdVSZYFAnDmRBHbglOZdPCM4E37yXU4hQsNZ8Zn3RwTNEvsKeMzhLWH8Nf7hDaxXxbJl7lU4dGfrzK5EZfgqYZFAhIAmskHdktKVKTH5t0HZVU4YYP0Fdtk7R6XnsE5DW3UmzWW6VZu4Vl0cfATe64U3wYZGSz30htjSOJX9CAYRbyYgWM0duie44BSydbthMVwZdu35k3PNgn1K784hXbr4TWVhiQfX6q6l88K4UkUrYLmEAVrqNZT3MbEmvDAdqswVqJlAlumZDw6YOdbFhUD6fus4mlNcz7GeXOw4L8hGjwP0iQMSr6t3hkYRltRgeZXdM6m5l8ByYShhp4zZGp.3bz1NQvtKGbchBlDC3LzhkcuXr6xlrvk6.PHrSb.EavjqoVK9Y56m44MdkGDVSjS6lieZguyYAD0FMu.7yTbnffVDPxhmeGZ21GiB3q0HNwtbqyG4xXClWpDOOUDZVhUvPdyPu71C3z3MFoP6GO84zZrcMtLenSl4HWvGwM00WEYSguA3.JbR9p3gi3edfyv4uCCyMdehdcMZmdD3GELNkJXKxurhhgX3fNXhU10X48glCzH7oiBrmgtE9tfquEv8zXGme3edM5xVMRT6LvMZ1mAYf67FFE1BTA7nSc4DTg0mw3E8KGvBLh1HW4KbPxb4Ao8lVGAOic.Zsbb43LZP5wNCwGGMHPO3
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=64ce6G0S4RgdcyhZeNKh3hXlGrEq0mdVSZYFAnDmRBHbglOZdPCM4E37yXU4hQsNZ8Zn3RwTNEvsKeMzhLWH8Nf7hDaxXxbJl7lU4dGfrzK5EZfgqYZFAhIAmskHdktKVKTH5t0HZVU4YYP0Fdtk7R6XnsE5DW3UmzWW6VZu4Vl0cfATe64U3wYZGSz30htjSOJX9CAYRbyYgWM0duie44BSydbthMVwZdu35k3PNgn1K784hXbr4TWVhiQfX6q6l88K4UkUrYLmEAVrqNZT3MbEmvDAdqswVqJlAlumZDw6YOdbFhUD6fus4mlNcz7GeXOw4L8hGjwP0iQMSr6t3hkYRltRgeZXdM6m5l8ByYShhp4zZGp.3bz1NQvtKGbchBlDC3LzhkcuXr6xlrvk6.PHrSb.EavjqoVK9Y56m44MdkGDVSjS6lieZguyYAD0FMu.7yTbnffVDPxhmeGZ21GiB3q0HNwtbqyG4xXClWpDOOUDZVhUvPdyPu71C3z3MFoP6GO84zZrcMtLenSl4HWvGwM00WEYSguA3.JbR9p3gi3edfyvVuCCyMdehdcMZmdD4GELNkJXKxurhhgX3fNXhU10X48glCzHBoiBrmgtE9tfquEv3zXGme3edM5xVMRT8LvMZ1mAYf67FFE13TA7nSc4DTg0mw3E4KGvBLh1HW4KbPxb5Ao8lVGAOic.Zsbb33LZP5wNCwGGMHPO3


To maintain currency of the following federal and state databases, EDR contacts the appropriate governmental agency
on a monthly or quarterly basis, as required.

Number of Days to Update: Provides confirmation that EDR is reporting records that have been updated within 90 days
from the date the government agency made the information available to the public.

FEDERAL RECORDS

NPL:  National Priority List
National Priorities List (Superfund). The NPL is a subset of CERCLIS and identifies over 1,200 sites for priority
cleanup under the Superfund Program. NPL sites may encompass relatively large areas. As such, EDR provides polygon
coverage for over 1,000 NPL site boundaries produced by EPA’s Environmental Photographic Interpretation Center
(EPIC) and regional EPA offices.

Date of Government Version: 07/18/2007
Date Data Arrived at EDR: 08/03/2007
Date Made Active in Reports: 08/29/2007
Number of Days to Update: 26

Source:  EPA
Telephone:  N/A
Last EDR Contact: 07/31/2007
Next Scheduled EDR Contact: 10/29/2007
Data Release Frequency: Quarterly

NPL Site Boundaries

Sources:

EPA’s Environmental Photographic Interpretation Center (EPIC)
Telephone: 202-564-7333

EPA Region 1 EPA Region 6
Telephone 617-918-1143 Telephone: 214-655-6659

EPA Region 3 EPA Region 7
Telephone 215-814-5418 Telephone: 913-551-7247

EPA Region 4 EPA Region 8
Telephone 404-562-8033 Telephone: 303-312-6774

EPA Region 5 EPA Region 9
Telephone 312-886-6686 Telephone: 415-947-4246

EPA Region 10
Telephone 206-553-8665

Proposed NPL:  Proposed National Priority List Sites
A site that has been proposed for listing on the National Priorities List through the issuance of a proposed rule
in the Federal Register. EPA then accepts public comments on the site, responds to the comments, and places on
the NPL those sites that continue to meet the requirements for listing.

Date of Government Version: 08/09/2007
Date Data Arrived at EDR: 09/05/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 36

Source:  EPA
Telephone:  N/A
Last EDR Contact: 08/31/2007
Next Scheduled EDR Contact: 10/29/2007
Data Release Frequency: Quarterly

DELISTED NPL:  National Priority List Deletions
The National Oil and Hazardous Substances Pollution Contingency Plan (NCP) establishes the criteria that the
EPA uses to delete sites from the NPL. In accordance with 40 CFR 300.425.(e), sites may be deleted from the
NPL where no further response is appropriate.

Date of Government Version: 08/27/2007
Date Data Arrived at EDR: 08/29/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 43

Source:  EPA
Telephone:  N/A
Last EDR Contact: 08/29/2007
Next Scheduled EDR Contact: 10/29/2007
Data Release Frequency: Quarterly
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NPL LIENS:  Federal Superfund Liens
Federal Superfund Liens. Under the authority granted the USEPA by CERCLA of 1980, the USEPA has the authority
to file liens against real property in order to recover remedial action expenditures or when the property owner
received notification of potential liability. USEPA compiles a listing of filed notices of Superfund Liens.

Date of Government Version: 10/15/1991
Date Data Arrived at EDR: 02/02/1994
Date Made Active in Reports: 03/30/1994
Number of Days to Update: 56

Source:  EPA
Telephone:  202-564-4267
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: No Update Planned

CERCLIS:  Comprehensive Environmental Response, Compensation, and Liability Information System
CERCLIS contains data on potentially hazardous waste sites that have been reported to the USEPA by states, municipalities,
private companies and private persons, pursuant to Section 103 of the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA). CERCLIS contains sites which are either proposed to or on the National Priorities
List (NPL) and sites which are in the screening and assessment phase for possible inclusion on the NPL.

Date of Government Version: 04/23/2007
Date Data Arrived at EDR: 06/20/2007
Date Made Active in Reports: 08/29/2007
Number of Days to Update: 70

Source:  EPA
Telephone:  703-412-9810
Last EDR Contact: 12/06/2007
Next Scheduled EDR Contact: 03/17/2008
Data Release Frequency: Quarterly

CERCLIS-NFRAP:  CERCLIS No Further Remedial Action Planned
Archived sites are sites that have been removed and archived from the inventory of CERCLIS sites. Archived status
indicates that, to the best of EPA’s knowledge, assessment at a site has been completed and that EPA has determined
no further steps will be taken to list this site on the National Priorities List (NPL), unless information indicates
this decision was not appropriate or other considerations require a recommendation for listing at a later time.
This decision does not necessarily mean that there is no hazard associated with a given site; it only means that,
based upon available information, the location is not judged to be a potential NPL site. 

Date of Government Version: 06/21/2007
Date Data Arrived at EDR: 07/23/2007
Date Made Active in Reports: 08/29/2007
Number of Days to Update: 37

Source:  EPA
Telephone:  703-412-9810
Last EDR Contact: 12/06/2007
Next Scheduled EDR Contact: 03/17/2008
Data Release Frequency: Quarterly

CORRACTS:  Corrective Action Report
CORRACTS identifies hazardous waste handlers with RCRA corrective action activity.

Date of Government Version: 06/26/2007
Date Data Arrived at EDR: 08/08/2007
Date Made Active in Reports: 08/29/2007
Number of Days to Update: 21

Source:  EPA
Telephone:  800-424-9346
Last EDR Contact: 12/03/2007
Next Scheduled EDR Contact: 03/03/2008
Data Release Frequency: Quarterly

RCRA:  Resource Conservation and Recovery Act Information
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RCRAInfo is EPA’s comprehensive information system, providing access to data supporting the Resource Conservation
and Recovery Act (RCRA) of 1976 and the Hazardous and Solid Waste Amendments (HSWA) of 1984. RCRAInfo replaces
the data recording and reporting abilities of the Resource Conservation and Recovery Information System (RCRIS).
The database includes selective information on sites which generate, transport, store, treat and/or dispose of
hazardous waste as defined by the Resource Conservation and Recovery Act (RCRA). Conditionally exempt small
quantity generators (CESQGs) generate less than 100 kg of hazardous waste, or less than 1 kg of acutely hazardous
waste per month. Small quantity generators (SQGs) generate between 100 kg and 1,000 kg of hazardous waste per
month. Large quantity generators (LQGs) generate over 1,000 kilograms (kg) of hazardous waste, or over 1 kg
of acutely hazardous waste per month. Transporters are individuals or entities that move hazardous waste from
the generator off-site to a facility that can recycle, treat, store, or dispose of the waste. TSDFs treat, store,
or dispose of the waste.

Date of Government Version: 06/13/2006
Date Data Arrived at EDR: 06/28/2006
Date Made Active in Reports: 08/23/2006
Number of Days to Update: 56

Source:  EPA
Telephone:  913-551-7003
Last EDR Contact: 10/16/2007
Next Scheduled EDR Contact: 01/14/2008
Data Release Frequency: Quarterly

ERNS:  Emergency Response Notification System
Emergency Response Notification System. ERNS records and stores information on reported releases of oil and hazardous
substances.

Date of Government Version: 12/31/2006
Date Data Arrived at EDR: 01/24/2007
Date Made Active in Reports: 03/12/2007
Number of Days to Update: 47

Source:  National Response Center, United States Coast Guard
Telephone:  202-267-2180
Last EDR Contact: 10/19/2007
Next Scheduled EDR Contact: 01/21/2008
Data Release Frequency: Annually

HMIRS:  Hazardous Materials Information Reporting System
Hazardous Materials Incident Report System. HMIRS contains hazardous material spill incidents reported to DOT.

Date of Government Version: 07/02/2007
Date Data Arrived at EDR: 07/18/2007
Date Made Active in Reports: 09/18/2007
Number of Days to Update: 62

Source:  U.S. Department of Transportation
Telephone:  202-366-4555
Last EDR Contact: 10/16/2007
Next Scheduled EDR Contact: 01/14/2008
Data Release Frequency: Annually

US ENG CONTROLS:  Engineering Controls Sites List
A listing of sites with engineering controls in place. Engineering controls include various forms of caps, building
foundations, liners, and treatment methods to create pathway elimination for regulated substances to enter environmental
media or effect human health.

Date of Government Version: 07/16/2007
Date Data Arrived at EDR: 08/03/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 69

Source:  Environmental Protection Agency
Telephone:  703-603-8905
Last EDR Contact: 11/16/2007
Next Scheduled EDR Contact: 12/31/2007
Data Release Frequency: Varies

US INST CONTROL:  Sites with Institutional Controls
A listing of sites with institutional controls in place. Institutional controls include administrative measures,
such as groundwater use restrictions, construction restrictions, property use restrictions, and post remediation
care requirements intended to prevent exposure to contaminants remaining on site. Deed restrictions are generally
required as part of the institutional controls.

Date of Government Version: 07/16/2007
Date Data Arrived at EDR: 08/03/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 69

Source:  Environmental Protection Agency
Telephone:  703-603-8905
Last EDR Contact: 11/16/2007
Next Scheduled EDR Contact: 12/31/2007
Data Release Frequency: Varies
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DOD:  Department of Defense Sites
This data set consists of federally owned or administered lands, administered by the Department of Defense, that
have any area equal to or greater than 640 acres of the United States, Puerto Rico, and the U.S. Virgin Islands.

Date of Government Version: 12/31/2005
Date Data Arrived at EDR: 11/10/2006
Date Made Active in Reports: 01/11/2007
Number of Days to Update: 62

Source:  USGS
Telephone:  703-692-8801
Last EDR Contact: 11/09/2007
Next Scheduled EDR Contact: 02/04/2008
Data Release Frequency: Semi-Annually

FUDS:  Formerly Used Defense Sites
The listing includes locations of Formerly Used Defense Sites properties where the US Army Corps of Engineers
is actively working or will take necessary cleanup actions.

Date of Government Version: 12/31/2006
Date Data Arrived at EDR: 08/31/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 41

Source:  U.S. Army Corps of Engineers
Telephone:  202-528-4285
Last EDR Contact: 10/01/2007
Next Scheduled EDR Contact: 12/31/2007
Data Release Frequency: Varies

US BROWNFIELDS:  A Listing of Brownfields Sites
Included in the listing are brownfields properties addresses by Cooperative Agreement Recipients and brownfields
properties addressed by Targeted Brownfields Assessments. Targeted Brownfields Assessments-EPA’s Targeted Brownfields
Assessments (TBA) program is designed to help states, tribes, and municipalities--especially those without EPA
Brownfields Assessment Demonstration Pilots--minimize the uncertainties of contamination often associated with
brownfields. Under the TBA program, EPA provides funding and/or technical assistance for environmental assessments
at brownfields sites throughout the country. Targeted Brownfields Assessments supplement and work with other efforts
under EPA’s Brownfields Initiative to promote cleanup and redevelopment of brownfields. Cooperative Agreement
Recipients-States, political subdivisions, territories, and Indian tribes become Brownfields Cleanup Revolving
Loan Fund (BCRLF) cooperative agreement recipients when they enter into BCRLF cooperative agreements with the
U.S. EPA. EPA selects BCRLF cooperative agreement recipients based on a proposal and application process. BCRLF
cooperative agreement recipients must use EPA funds provided through BCRLF cooperative agreement for specified
brownfields-related cleanup activities.

Date of Government Version: 06/20/2007
Date Data Arrived at EDR: 07/09/2007
Date Made Active in Reports: 08/29/2007
Number of Days to Update: 51

Source:  Environmental Protection Agency
Telephone:  202-566-2777
Last EDR Contact: 09/10/2007
Next Scheduled EDR Contact: 12/10/2007
Data Release Frequency: Semi-Annually

CONSENT:  Superfund (CERCLA) Consent Decrees
Major legal settlements that establish responsibility and standards for cleanup at NPL (Superfund) sites. Released
periodically by United States District Courts after settlement by parties to litigation matters.

Date of Government Version: 04/13/2007
Date Data Arrived at EDR: 07/16/2007
Date Made Active in Reports: 08/29/2007
Number of Days to Update: 44

Source:  Department of Justice, Consent Decree Library
Telephone:  Varies
Last EDR Contact: 09/21/2007
Next Scheduled EDR Contact: 01/21/2008
Data Release Frequency: Varies

ROD:  Records Of Decision
Record of Decision. ROD documents mandate a permanent remedy at an NPL (Superfund) site containing technical
and health information to aid in the cleanup.

Date of Government Version: 06/08/2007
Date Data Arrived at EDR: 07/03/2007
Date Made Active in Reports: 08/29/2007
Number of Days to Update: 57

Source:  EPA
Telephone:  703-416-0223
Last EDR Contact: 11/08/2007
Next Scheduled EDR Contact: 12/31/2007
Data Release Frequency: Annually
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UMTRA:  Uranium Mill Tailings Sites
Uranium ore was mined by private companies for federal government use in national defense programs. When the mills
shut down, large piles of the sand-like material (mill tailings) remain after uranium has been extracted from
the ore. Levels of human exposure to radioactive materials from the piles are low; however, in some cases tailings
were used as construction materials before the potential health hazards of the tailings were recognized.

Date of Government Version: 12/31/2005
Date Data Arrived at EDR: 11/08/2006
Date Made Active in Reports: 01/29/2007
Number of Days to Update: 82

Source:  Department of Energy
Telephone:  505-845-0011
Last EDR Contact: 09/19/2007
Next Scheduled EDR Contact: 12/17/2007
Data Release Frequency: Varies

ODI:  Open Dump Inventory
An open dump is defined as a disposal facility that does not comply with one or more of the Part 257 or Part 258
Subtitle D Criteria.

Date of Government Version: 06/30/1985
Date Data Arrived at EDR: 08/09/2004
Date Made Active in Reports: 09/17/2004
Number of Days to Update: 39

Source:  Environmental Protection Agency
Telephone:  800-424-9346
Last EDR Contact: 06/09/2004
Next Scheduled EDR Contact: N/A
Data Release Frequency: No Update Planned

TRIS:  Toxic Chemical Release Inventory System
Toxic Release Inventory System. TRIS identifies facilities which release toxic chemicals to the air, water and
land in reportable quantities under SARA Title III Section 313.

Date of Government Version: 12/31/2005
Date Data Arrived at EDR: 04/27/2007
Date Made Active in Reports: 07/05/2007
Number of Days to Update: 69

Source:  EPA
Telephone:  202-566-0250
Last EDR Contact: 09/18/2007
Next Scheduled EDR Contact: 12/17/2007
Data Release Frequency: Annually

TSCA:  Toxic Substances Control Act
Toxic Substances Control Act. TSCA identifies manufacturers and importers of chemical substances included on the
TSCA Chemical Substance Inventory list. It includes data on the production volume of these substances by plant
site.

Date of Government Version: 12/31/2002
Date Data Arrived at EDR: 04/14/2006
Date Made Active in Reports: 05/30/2006
Number of Days to Update: 46

Source:  EPA
Telephone:  202-260-5521
Last EDR Contact: 11/14/2007
Next Scheduled EDR Contact: 01/14/2008
Data Release Frequency: Every 4 Years

FTTS:  FIFRA/ TSCA Tracking System - FIFRA (Federal Insecticide, Fungicide, & Rodenticide Act)/TSCA (Toxic Substances Control Act)
FTTS tracks administrative cases and pesticide enforcement actions and compliance activities related to FIFRA,
TSCA and EPCRA (Emergency Planning and Community Right-to-Know Act). To maintain currency, EDR contacts the
Agency on a quarterly basis.

Date of Government Version: 07/06/2007
Date Data Arrived at EDR: 07/20/2007
Date Made Active in Reports: 09/18/2007
Number of Days to Update: 60

Source:  EPA/Office of Prevention, Pesticides and Toxic Substances
Telephone:  202-566-1667
Last EDR Contact: 09/17/2007
Next Scheduled EDR Contact: 12/17/2007
Data Release Frequency: Quarterly

FTTS INSP:  FIFRA/ TSCA Tracking System - FIFRA (Federal Insecticide, Fungicide, & Rodenticide Act)/TSCA (Toxic Substances Control Act)
A listing of FIFRA/TSCA Tracking System (FTTS) inspections and enforcements.

Date of Government Version: 07/06/2007
Date Data Arrived at EDR: 07/20/2007
Date Made Active in Reports: 09/18/2007
Number of Days to Update: 60

Source:  EPA
Telephone:  202-566-1667
Last EDR Contact: 09/17/2007
Next Scheduled EDR Contact: 12/17/2007
Data Release Frequency: Quarterly
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SSTS:  Section 7 Tracking Systems
Section 7 of the Federal Insecticide, Fungicide and Rodenticide Act, as amended (92 Stat. 829) requires all
registered pesticide-producing establishments to submit a report to the Environmental Protection Agency by March
1st each year. Each establishment must report the types and amounts of pesticides, active ingredients and devices
being produced, and those having been produced and sold or distributed in the past year.

Date of Government Version: 12/31/2005
Date Data Arrived at EDR: 03/13/2007
Date Made Active in Reports: 04/27/2007
Number of Days to Update: 45

Source:  EPA
Telephone:  202-564-4203
Last EDR Contact: 10/15/2007
Next Scheduled EDR Contact: 01/14/2008
Data Release Frequency: Annually

LIENS 2:  CERCLA Lien Information
A Federal CERCLA (’Superfund’) lien can exist by operation of law at any site or property at which EPA has spent
Superfund monies. These monies are spent to investigate and address releases and threatened releases of contamination.
CERCLIS provides information as to the identity of these sites and properties.

Date of Government Version: 03/08/2007
Date Data Arrived at EDR: 04/12/2007
Date Made Active in Reports: 05/14/2007
Number of Days to Update: 32

Source:  Environmental Protection Agency
Telephone:  202-564-6023
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Varies

RADINFO:  Radiation Information Database
The Radiation Information Database (RADINFO) contains information about facilities that are regulated by U.S.
Environmental Protection Agency (EPA) regulations for radiation and radioactivity.

Date of Government Version: 07/31/2007
Date Data Arrived at EDR: 08/01/2007
Date Made Active in Reports: 08/29/2007
Number of Days to Update: 28

Source:  Environmental Protection Agency
Telephone:  202-343-9775
Last EDR Contact: 10/31/2007
Next Scheduled EDR Contact: 01/28/2008
Data Release Frequency: Quarterly

CDL:  Clandestine Drug Labs
A listing of clandestine drug lab locations. The U.S. Department of Justice ("the Department") provides this
web site as a public service. It contains addresses of some locations where law enforcement agencies reported
they found chemicals or other items that indicated the presence of either clandestine drug laboratories or dumpsites.
In most cases, the source of the entries is not the Department, and the Department has not verified the entry
and does not guarantee its accuracy. Members of the public must verify the accuracy of all entries by, for example,
contacting local law enforcement and local health departments.

Date of Government Version: 12/01/2006
Date Data Arrived at EDR: 01/08/2007
Date Made Active in Reports: 01/11/2007
Number of Days to Update: 3

Source:  Drug Enforcement Administration
Telephone:  202-307-1000
Last EDR Contact: 10/02/2007
Next Scheduled EDR Contact: 12/24/2007
Data Release Frequency: Quarterly

HIST FTTS:  FIFRA/TSCA Tracking System Administrative Case Listing
A complete administrative case listing from the FIFRA/TSCA Tracking System (FTTS) for all ten EPA regions. The
information was obtained from the National Compliance Database (NCDB). NCDB supports the implementation of FIFRA
(Federal Insecticide, Fungicide, and Rodenticide Act) and TSCA (Toxic Substances Control Act). Some EPA regions
are now closing out records. Because of that, and the fact that some EPA regions are not providing EPA Headquarters
with updated records, it was decided to create a HIST FTTS database. It included records that may not be included
in the newer FTTS database updates. This database is no longer updated.

Date of Government Version: 10/19/2006
Date Data Arrived at EDR: 03/01/2007
Date Made Active in Reports: 04/10/2007
Number of Days to Update: 40

Source:  Environmental Protection Agency
Telephone:  202-564-2501
Last EDR Contact: 09/17/2007
Next Scheduled EDR Contact: 12/17/2007
Data Release Frequency: No Update Planned
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DEBRIS REGION 9:  Torres Martinez Reservation Illegal Dump Site Locations
A listing of illegal dump sites location on the Torres Martinez Indian Reservation located in eastern Riverside
County and northern Imperial County, California.

Date of Government Version: 07/25/2007
Date Data Arrived at EDR: 07/31/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 72

Source:  EPA, Region 9
Telephone:  415-972-3336
Last EDR Contact: 09/24/2007
Next Scheduled EDR Contact: 12/24/2007
Data Release Frequency: Varies

ICIS:  Integrated Compliance Information System
The Integrated Compliance Information System (ICIS) supports the information needs of the national enforcement
and compliance program as well as the unique needs of the National Pollutant Discharge Elimination System (NPDES)
program.

Date of Government Version: 07/27/2007
Date Data Arrived at EDR: 08/13/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 59

Source:  Environmental Protection Agency
Telephone:  202-564-5088
Last EDR Contact: 10/15/2007
Next Scheduled EDR Contact: 01/14/2008
Data Release Frequency: Quarterly

LUCIS:  Land Use Control Information System
LUCIS contains records of land use control information pertaining to the former Navy Base Realignment and Closure
properties.

Date of Government Version: 12/09/2005
Date Data Arrived at EDR: 12/11/2006
Date Made Active in Reports: 01/11/2007
Number of Days to Update: 31

Source:  Department of the Navy
Telephone:  843-820-7326
Last EDR Contact: 12/10/2007
Next Scheduled EDR Contact: 03/10/2008
Data Release Frequency: Varies

DOT OPS:  Incident and Accident Data
Department of Transporation, Office of Pipeline Safety Incident and Accident data.

Date of Government Version: 08/14/2007
Date Data Arrived at EDR: 08/29/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 43

Source:  Department of Transporation, Office of Pipeline Safety
Telephone:  202-366-4595
Last EDR Contact: 11/29/2007
Next Scheduled EDR Contact: 02/25/2008
Data Release Frequency: Varies

PADS:  PCB Activity Database System
PCB Activity Database. PADS Identifies generators, transporters, commercial storers and/or brokers and disposers
of PCB’s who are required to notify the EPA of such activities.

Date of Government Version: 04/12/2007
Date Data Arrived at EDR: 06/08/2007
Date Made Active in Reports: 08/29/2007
Number of Days to Update: 82

Source:  EPA
Telephone:  202-566-0500
Last EDR Contact: 08/09/2007
Next Scheduled EDR Contact: 11/05/2007
Data Release Frequency: Annually

MLTS:  Material Licensing Tracking System
MLTS is maintained by the Nuclear Regulatory Commission and contains a list of approximately 8,100 sites which
possess or use radioactive materials and which are subject to NRC licensing requirements. To maintain currency,
EDR contacts the Agency on a quarterly basis.

Date of Government Version: 07/09/2007
Date Data Arrived at EDR: 07/24/2007
Date Made Active in Reports: 09/18/2007
Number of Days to Update: 56

Source:  Nuclear Regulatory Commission
Telephone:  301-415-7169
Last EDR Contact: 10/01/2007
Next Scheduled EDR Contact: 12/31/2007
Data Release Frequency: Quarterly
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MINES:  Mines Master Index File
Contains all mine identification numbers issued for mines active or opened since 1971. The data also includes
violation information.

Date of Government Version: 05/09/2007
Date Data Arrived at EDR: 06/28/2007
Date Made Active in Reports: 08/29/2007
Number of Days to Update: 62

Source:  Department of Labor, Mine Safety and Health Administration
Telephone:  303-231-5959
Last EDR Contact: 09/26/2007
Next Scheduled EDR Contact: 12/24/2007
Data Release Frequency: Semi-Annually

FINDS:  Facility Index System/Facility Registry System
Facility Index System. FINDS contains both facility information and ’pointers’ to other sources that contain more
detail. EDR includes the following FINDS databases in this report: PCS (Permit Compliance System), AIRS (Aerometric
Information Retrieval System), DOCKET (Enforcement Docket used to manage and track information on civil judicial
enforcement cases for all environmental statutes), FURS (Federal Underground Injection Control), C-DOCKET (Criminal
Docket System used to track criminal enforcement actions for all environmental statutes), FFIS (Federal Facilities
Information System), STATE (State Environmental Laws and Statutes), and PADS (PCB Activity Data System).

Date of Government Version: 07/19/2007
Date Data Arrived at EDR: 07/25/2007
Date Made Active in Reports: 09/18/2007
Number of Days to Update: 55

Source:  EPA
Telephone:  (913) 551-7003
Last EDR Contact: 10/01/2007
Next Scheduled EDR Contact: 12/31/2007
Data Release Frequency: Quarterly

RAATS:  RCRA Administrative Action Tracking System
RCRA Administration Action Tracking System. RAATS contains records based on enforcement actions issued under RCRA
pertaining to major violators and includes administrative and civil actions brought by the EPA. For administration
actions after September 30, 1995, data entry in the RAATS database was discontinued. EPA will retain a copy of
the database for historical records. It was necessary to terminate RAATS because a decrease in agency resources
made it impossible to continue to update the information contained in the database.

Date of Government Version: 04/17/1995
Date Data Arrived at EDR: 07/03/1995
Date Made Active in Reports: 08/07/1995
Number of Days to Update: 35

Source:  EPA
Telephone:  202-564-4104
Last EDR Contact: 12/03/2007
Next Scheduled EDR Contact: 03/03/2008
Data Release Frequency: No Update Planned

BRS:  Biennial Reporting System
The Biennial Reporting System is a national system administered by the EPA that collects data on the generation
and management of hazardous waste. BRS captures detailed data from two groups: Large Quantity Generators (LQG)
and Treatment, Storage, and Disposal Facilities.

Date of Government Version: 12/31/2005
Date Data Arrived at EDR: 03/06/2007
Date Made Active in Reports: 04/13/2007
Number of Days to Update: 38

Source:  EPA/NTIS
Telephone:  800-424-9346
Last EDR Contact: 09/12/2007
Next Scheduled EDR Contact: 12/10/2007
Data Release Frequency: Biennially

USGS WATER WELLS:  National Water Information System (NWIS)
This database consists of well records in the United States. Available site descriptive information includes well
location information (latitude and longitude, well depth, site use, water use, and aquifer).

Date of Government Version: 03/25/2005
Date Data Arrived at EDR: 03/25/2005
Date Made Active in Reports: N/A
Number of Days to Update: 0

Source:  USGS
Telephone:  N/A
Last EDR Contact: 03/25/2005
Next Scheduled EDR Contact: N/A
Data Release Frequency: N/A

PWS:  Public Water System Data
This Safe Drinking Water Information System (SDWIS) file contains public water systems name and address, population
served and the primary source of water
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Date of Government Version: 02/24/2000
Date Data Arrived at EDR: 04/27/2005
Date Made Active in Reports: N/A
Number of Days to Update: 0

Source:  EPA
Telephone:  N/A
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: N/A

STATE AND LOCAL RECORDS

MO SHWS:  Registry of Confirmed Abandoned or Uncontrolled Hazardous Waste Disposal Sites
State Hazardous Waste Sites. State hazardous waste site records are the states’ equivalent to CERCLIS. These sites
may or may not already be listed on the federal CERCLIS list. Priority sites planned for cleanup using state funds
(state equivalent of Superfund) are identified along with sites where cleanup will be paid for by potentially
responsible parties. Available information varies by state.

Date of Government Version: 09/26/2007
Date Data Arrived at EDR: 09/28/2007
Date Made Active in Reports: 11/21/2007
Number of Days to Update: 54

Source:  Department of Natural Resources
Telephone:  573-751-1990
Last EDR Contact: 09/24/2007
Next Scheduled EDR Contact: 12/24/2007
Data Release Frequency: Quarterly

MO HWS DETAIL:  Registry Annual Report
Each site is described in detail in this annual report and includeds the following information: a general description
of the site; a summary of any significant environmental problems at and near the site; a summary of any serious
health problems in the immediate vicinity of the site; the status of any testing, monitoring or remedial actions
in progress or recommended by the department.

Date of Government Version: 06/30/2006
Date Data Arrived at EDR: 04/27/2007
Date Made Active in Reports: 05/10/2007
Number of Days to Update: 13

Source:  Department of Natural Resources
Telephone:  573-751-3176
Last EDR Contact: 10/05/2007
Next Scheduled EDR Contact: 12/31/5007
Data Release Frequency: Annually

IL SHWS:  State Oversight List
State Hazardous Waste Sites. State hazardous waste site records are the states’ equivalent to CERCLIS. These sites
may or may not already be listed on the federal CERCLIS list. Priority sites planned for cleanup using state funds
(state equivalent of Superfund) are identified along with sites where cleanup will be paid for by potentially
responsible parties. Available information varies by state.

Date of Government Version: 08/28/2007
Date Data Arrived at EDR: 09/05/2007
Date Made Active in Reports: 09/20/2007
Number of Days to Update: 15

Source:  Illinois Environmental Protection Agency
Telephone:  217-524-4863
Last EDR Contact: 11/19/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Semi-Annually

MO DEL SHWS:  Registry Sites Withdrawn or Deleted
A list of sites that were removed from the Registry or for which Registry action was suspended due to cleanup.

Date of Government Version: 06/28/2006
Date Data Arrived at EDR: 06/29/2006
Date Made Active in Reports: 07/18/2006
Number of Days to Update: 19

Source:  Department of Natural Resources
Telephone:  573-522-3710
Last EDR Contact: 09/24/2007
Next Scheduled EDR Contact: 12/24/2007
Data Release Frequency: Annually

MO SWF/LF:  Solid Waste Facility List
Solid Waste Facilities/Landfill Sites. SWF/LF type records typically contain an inventory of solid waste disposal
facilities or landfills in a particular state. Depending on the state, these may be active or inactive facilities
or open dumps that failed to meet RCRA Subtitle D Section 4004 criteria for solid waste landfills or disposal
sites.

Date of Government Version: 09/25/2007
Date Data Arrived at EDR: 10/16/2007
Date Made Active in Reports: 11/21/2007
Number of Days to Update: 36

Source:  Department of Natural Resources
Telephone:  573-751-5401
Last EDR Contact: 10/16/2007
Next Scheduled EDR Contact: 01/14/2008
Data Release Frequency: Quarterly
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IL SWF/LF:  Available Disposal for Solid Waste in Illinois - Solid Waste Landfills Subject to State Surcharge
Solid Waste Facilities/Landfill Sites. SWF/LF type records typically contain an inventory of solid waste disposal
facilities or landfills in a particular state. Depending on the state, these may be active or inactive facilities
or open dumps that failed to meet RCRA Subtitle D Section 4004 criteria for solid waste landfills or disposal
sites.

Date of Government Version: 10/01/2006
Date Data Arrived at EDR: 06/01/2007
Date Made Active in Reports: 07/10/2007
Number of Days to Update: 39

Source:  Illinois Environmental Protection Agency
Telephone:  217-785-8604
Last EDR Contact: 11/21/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Annually

IL LF WMRC:  Waste Management & Research Center Landfill Database
The Waste Management & Research Center Landfill Database includes records from the Department of Public Health,
Department of Mines & Minerals, Illinois Environmental Protection Agency, State Geological Survey, Northeastern
Illinois Planning Commission and Pollution Control Board.

Date of Government Version: 12/31/2001
Date Data Arrived at EDR: 10/06/2006
Date Made Active in Reports: 11/06/2006
Number of Days to Update: 31

Source:  Department of Natural Resources
Telephone:  217-333-8940
Last EDR Contact: 07/02/2007
Next Scheduled EDR Contact: 10/01/2007
Data Release Frequency: No Update Planned

MO HIST LF:  Solid Waste Facility Database List
This database contains detailed information per site. It is no longer maintained by the Department of Natural
Resources. For current information on solid waste facilities/landfills see the SWF/LF database.

Date of Government Version: 04/12/2005
Date Data Arrived at EDR: 07/19/2006
Date Made Active in Reports: 08/18/2006
Number of Days to Update: 30

Source:  Department of Natural Resources
Telephone:  573-751-5401
Last EDR Contact: 10/15/2007
Next Scheduled EDR Contact: 01/14/2008
Data Release Frequency: No Update Planned

MO LUST:  Leaking Underground Storage Tanks
Leaking Underground Storage Tank Incident Reports. LUST records contain an inventory of reported leaking underground
storage tank incidents. Not all states maintain these records, and the information stored varies by state.

Date of Government Version: 10/02/2007
Date Data Arrived at EDR: 10/12/2007
Date Made Active in Reports: 11/21/2007
Number of Days to Update: 40

Source:  Department of Natural Resources
Telephone:  573-751-0135
Last EDR Contact: 10/12/2007
Next Scheduled EDR Contact: 01/07/2008
Data Release Frequency: Semi-Annually

IL LUST:  Leaking Underground Storage Tank Sites
Leaking Underground Storage Tank Incident Reports. LUST records contain an inventory of reported leaking underground
storage tank incidents. Not all states maintain these records, and the information stored varies by state.

Date of Government Version: 08/21/2007
Date Data Arrived at EDR: 08/22/2007
Date Made Active in Reports: 09/20/2007
Number of Days to Update: 29

Source:  Illinois Environmental Protection Agency
Telephone:  217-782-6762
Last EDR Contact: 11/20/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Semi-Annually

MO UST:  Petroleum Storage Tanks
Registered Underground Storage Tanks. UST’s are regulated under Subtitle I of the Resource Conservation and Recovery
Act (RCRA) and must be registered with the state department responsible for administering the UST program. Available
information varies by state program.

Date of Government Version: 10/02/2007
Date Data Arrived at EDR: 10/12/2007
Date Made Active in Reports: 11/28/2007
Number of Days to Update: 47

Source:  Department of Natural Resources
Telephone:  573-751-0135
Last EDR Contact: 10/12/2007
Next Scheduled EDR Contact: 01/07/2008
Data Release Frequency: Semi-Annually
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IL UST:  Underground Storage Tank Facility List
Registered Underground Storage Tanks. UST’s are regulated under Subtitle I of the Resource Conservation and Recovery
Act (RCRA) and must be registered with the state department responsible for administering the UST program. Available
information varies by state program.

Date of Government Version: 06/25/2007
Date Data Arrived at EDR: 07/02/2007
Date Made Active in Reports: 08/02/2007
Number of Days to Update: 31

Source:  Illinois State Fire Marshal
Telephone:  217-785-0969
Last EDR Contact: 11/20/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Quarterly

MO LAST:  Leaking Aboveground Storage Tanks
A listing of leaking aboveground storage tanks.

Date of Government Version: 10/02/2007
Date Data Arrived at EDR: 10/12/2007
Date Made Active in Reports: 11/21/2007
Number of Days to Update: 40

Source:  Department of Natural Resources
Telephone:  573-751-6822
Last EDR Contact: 10/12/2007
Next Scheduled EDR Contact: 01/07/2008
Data Release Frequency: Quarterly

MO AST:  Aboveground Petroleum Storage Tanks
Registered Aboveground Storage Tanks.

Date of Government Version: 10/18/2007
Date Data Arrived at EDR: 10/19/2007
Date Made Active in Reports: 11/07/2007
Number of Days to Update: 19

Source:  Department of Agriculture
Telephone:  573-751-7062
Last EDR Contact: 10/09/2007
Next Scheduled EDR Contact: 01/07/2008
Data Release Frequency: Semi-Annually

MO SPILLS:  Environmental Response Tracking Database
Releases of hazardous substances reported to the department’s Environmental Emergency Response (EER) section.

Date of Government Version: 10/12/2007
Date Data Arrived at EDR: 10/12/2007
Date Made Active in Reports: 11/21/2007
Number of Days to Update: 40

Source:  Department of Natural Resources
Telephone:  573-526-3349
Last EDR Contact: 10/09/2007
Next Scheduled EDR Contact: 01/07/2008
Data Release Frequency: Semi-Annually

IL SPILLS:  State spills
A listing of incidents reported to the Office of Emergency Response.

Date of Government Version: 08/07/2007
Date Data Arrived at EDR: 09/26/2007
Date Made Active in Reports: 10/18/2007
Number of Days to Update: 22

Source:  Illinois EPA
Telephone:  217-558-1677
Last EDR Contact: 11/19/2007
Next Scheduled EDR Contact: 02/04/2008
Data Release Frequency: Varies

MO AUL:  Sites with Controls
Activity and use limitations include both engineering controls and institutional controls.

Date of Government Version: 10/10/2007
Date Data Arrived at EDR: 10/11/2007
Date Made Active in Reports: 11/21/2007
Number of Days to Update: 41

Source:  Department of Natural Resources
Telephone:  573-751-3176
Last EDR Contact: 10/10/2007
Next Scheduled EDR Contact: 01/07/2008
Data Release Frequency: Varies

IL Inst Control:  Institutional Controls
Legal or administrative restrictions on land use and/or other activities (e.g., groundwater use restrictions)
which effectively limit exposure to contamination may be employed as alternatives to removal or treatment of contamination.
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Date of Government Version: 08/07/2007
Date Data Arrived at EDR: 08/14/2007
Date Made Active in Reports: 09/20/2007
Number of Days to Update: 37

Source:  Illinois Environmental Protection Agency
Telephone:  217-782-6761
Last EDR Contact: 11/14/2007
Next Scheduled EDR Contact: 02/11/2008
Data Release Frequency: Quarterly

MO VCP:  Sites Participating in the Voluntary Cleanup Program
Sites participating in the Voluntary Cleanup Program.

Date of Government Version: 10/10/2007
Date Data Arrived at EDR: 10/11/2007
Date Made Active in Reports: 11/21/2007
Number of Days to Update: 41

Source:  Department of Natural Resources
Telephone:  573-526-8913
Last EDR Contact: 10/11/2007
Next Scheduled EDR Contact: 01/07/2008
Data Release Frequency: Semi-Annually

IL SRP:  Site Remediation Program Database
The database identifies the status of all voluntary remediation projects administered through the pre-notice site
cleanup program (1989 to 1995) and the site remediation program (1996 to the present).

Date of Government Version: 08/07/2007
Date Data Arrived at EDR: 08/14/2007
Date Made Active in Reports: 09/20/2007
Number of Days to Update: 37

Source:  Illinois Environmental Protection Agency
Telephone:  217-785-9407
Last EDR Contact: 11/14/2007
Next Scheduled EDR Contact: 02/11/2008
Data Release Frequency: Semi-Annually

MO DRYCLEANERS:  Drycleaners in Missouri Listing
A listing of drycleaner facilities that are potentially eligible for reimbursement of department approved cleanup
costs under the Drycleaning Environmental Response Trust Fund.

Date of Government Version: 08/15/2007
Date Data Arrived at EDR: 08/17/2007
Date Made Active in Reports: 09/28/2007
Number of Days to Update: 42

Source:  Department of Natural Resources
Telephone:  573-526-8913
Last EDR Contact: 11/26/2007
Next Scheduled EDR Contact: 02/11/2008
Data Release Frequency: Varies

IL DRYCLEANERS:  Illinois Licensed Drycleaners
Any retail drycleaning facility in Illinois must apply for a license through the Illinois Drycleaner Environmental
Response Trust Fund. Drycleaner Environmental Response Trust Fund of Illinois.

Date of Government Version: 09/01/2007
Date Data Arrived at EDR: 09/19/2007
Date Made Active in Reports: 10/18/2007
Number of Days to Update: 29

Source:  Drycleaner Environmental Response Trust Fund of Illinois
Telephone:  800-765-4041
Last EDR Contact: 09/19/2007
Next Scheduled EDR Contact: 12/17/2007
Data Release Frequency: Varies

MO BROWNFIELDS:  Brownfields Site List
Brownfields are sites where redevelopment and reuse is hampered by known or suspected contamination with hazardous
substances. While many brownfield sites are minimally contaminated, potential environmental liability can be a
problem for owners, operators, prospective buyers and financial institutions. Because of the large number of these
sites, their economic impact  especially in heavily industrial areas  is substantial.

Date of Government Version: 10/10/2007
Date Data Arrived at EDR: 10/11/2007
Date Made Active in Reports: 11/21/2007
Number of Days to Update: 41

Source:  Department of Natural Resources
Telephone:  573-526-8913
Last EDR Contact: 10/10/2007
Next Scheduled EDR Contact: 01/07/2008
Data Release Frequency: Semi-Annually

IL BROWNFIELDS:  Municipal Brownfields Redevelopment Grant Program Project Descriptions
The Illinois Municipal Brownfields Redevelopment Grant Program (MBRGP) offers grants worth a maximum of $240,000
each to municipalities to assist in site investigation activities, development of cleanup objectives, and performance
of cleanup activities. Brownfields are abandoned or underused industrial and/or commercial properties that are
contaminated (or thought to be contaminated) and have an active potential for redevelopment.
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Date of Government Version: 08/23/2007
Date Data Arrived at EDR: 08/23/2007
Date Made Active in Reports: 09/20/2007
Number of Days to Update: 28

Source:  Illinois Environmental Protection Agency
Telephone:  217-785-3486
Last EDR Contact: 12/10/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Varies

IL BROWNFIELDS:  Redevelopment Assessment Database
The Office of Site Evaluations Redevelopment Assessment database identifies the status of all properties within
the State in which the Illinois EPA’s Office of Site Evaluation has conducted a municipal Brownfield Redevelopment
Assessment.

Date of Government Version: 08/21/2007
Date Data Arrived at EDR: 08/22/2007
Date Made Active in Reports: 09/20/2007
Number of Days to Update: 29

Source:  Illinois Environmental Protection Agency
Telephone:  217-524-1658
Last EDR Contact: 11/20/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Varies

MO CDL:  Environmental Emergency Response System
Incidents reported to the Department of Natural Resources where drug lab materials were involved.

Date of Government Version: 10/12/2007
Date Data Arrived at EDR: 10/12/2007
Date Made Active in Reports: 11/21/2007
Number of Days to Update: 40

Source:  Department of Natural Resources
Telephone:  573-751-3443
Last EDR Contact: 10/09/2007
Next Scheduled EDR Contact: 01/07/2008
Data Release Frequency: Varies

IL CDL:  Meth Drug Lab Site Listing
A listing of clandestine/meth drug lab locations.

Date of Government Version: 08/09/2007
Date Data Arrived at EDR: 08/13/2007
Date Made Active in Reports: 09/20/2007
Number of Days to Update: 38

Source:  Department of Public Health
Telephone:  217-782-5750
Last EDR Contact: 11/19/2007
Next Scheduled EDR Contact: 02/04/2008
Data Release Frequency: Varies

MO RRC:  Certified Hazardous Waste Resource Recovery Facilities
Facilities that take hazardous waste material, either from on-site or off-site, and make it re-usable.

Date of Government Version: 09/10/2007
Date Data Arrived at EDR: 09/11/2007
Date Made Active in Reports: 09/28/2007
Number of Days to Update: 17

Source:  Department of Natural Resources
Telephone:  573-751-3176
Last EDR Contact: 12/10/2007
Next Scheduled EDR Contact: 03/10/2008
Data Release Frequency: Semi-Annually

MO NPDES:  Permitted Facility Listing
A listing of permitted facilities from the Water Pollution Branch.

Date of Government Version: 07/30/2007
Date Data Arrived at EDR: 07/30/2007
Date Made Active in Reports: 08/17/2007
Number of Days to Update: 18

Source:  Department of Natural Resources
Telephone:  573-751-7023
Last EDR Contact: 11/13/2007
Next Scheduled EDR Contact: 01/28/2008
Data Release Frequency: Varies

TRIBAL RECORDS

INDIAN RESERV:  Indian Reservations
This map layer portrays Indian administered lands of the United States that have any area equal to or greater
than 640 acres.

Date of Government Version: 12/31/2005
Date Data Arrived at EDR: 12/08/2006
Date Made Active in Reports: 01/11/2007
Number of Days to Update: 34

Source:  USGS
Telephone:  202-208-3710
Last EDR Contact: 11/09/2007
Next Scheduled EDR Contact: 02/04/2008
Data Release Frequency: Semi-Annually
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INDIAN LUST R9:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Arizona, California, New Mexico and Nevada

Date of Government Version: 09/11/2007
Date Data Arrived at EDR: 09/14/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 27

Source:  Environmental Protection Agency
Telephone:  415-972-3372
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Quarterly

INDIAN LUST R1:  Leaking Underground Storage Tanks on Indian Land
A listing of leaking underground storage tank locations on Indian Land.

Date of Government Version: 12/01/2006
Date Data Arrived at EDR: 12/01/2006
Date Made Active in Reports: 01/29/2007
Number of Days to Update: 59

Source:  EPA Region 1
Telephone:  617-918-1313
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Varies

INDIAN LUST R4:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Florida, Mississippi and North Carolina.

Date of Government Version: 09/05/2007
Date Data Arrived at EDR: 10/02/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 9

Source:  EPA Region 4
Telephone:  404-562-8677
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Semi-Annually

INDIAN LUST R6:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in New Mexico and Oklahoma.

Date of Government Version: 01/04/2005
Date Data Arrived at EDR: 01/21/2005
Date Made Active in Reports: 02/28/2005
Number of Days to Update: 38

Source:  EPA Region 6
Telephone:  214-665-6597
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Varies

INDIAN LUST R8:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Colorado, Montana, North Dakota, South Dakota, Utah and Wyoming.

Date of Government Version: 08/27/2007
Date Data Arrived at EDR: 09/07/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 34

Source:  EPA Region 8
Telephone:  303-312-6271
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Quarterly

INDIAN LUST R7:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Iowa, Kansas, and Nebraska

Date of Government Version: 06/01/2007
Date Data Arrived at EDR: 06/14/2007
Date Made Active in Reports: 07/05/2007
Number of Days to Update: 21

Source:  EPA Region 7
Telephone:  913-551-7003
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Varies

INDIAN LUST R10:  Leaking Underground Storage Tanks on Indian Land
LUSTs on Indian land in Alaska, Idaho, Oregon and Washington.

Date of Government Version: 09/12/2007
Date Data Arrived at EDR: 09/14/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 27

Source:  EPA Region 10
Telephone:  206-553-2857
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Quarterly
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INDIAN UST R1:  Underground Storage Tanks on Indian Land
A listing of underground storage tank locations on Indian Land.

Date of Government Version: 12/01/2006
Date Data Arrived at EDR: 12/01/2006
Date Made Active in Reports: 01/29/2007
Number of Days to Update: 59

Source:  EPA, Region 1
Telephone:  617-918-1313
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Varies

INDIAN UST R6:  Underground Storage Tanks on Indian Land

Date of Government Version: 08/31/2007
Date Data Arrived at EDR: 08/31/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 41

Source:  EPA Region 6
Telephone:  214-665-7591
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Semi-Annually

INDIAN UST R7:  Underground Storage Tanks on Indian Land

Date of Government Version: 06/01/2007
Date Data Arrived at EDR: 06/14/2007
Date Made Active in Reports: 07/05/2007
Number of Days to Update: 21

Source:  EPA Region 7
Telephone:  913-551-7003
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Varies

INDIAN UST R9:  Underground Storage Tanks on Indian Land

Date of Government Version: 09/11/2007
Date Data Arrived at EDR: 09/14/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 27

Source:  EPA Region 9
Telephone:  415-972-3368
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Quarterly

INDIAN UST R4:  Underground Storage Tanks on Indian Land

Date of Government Version: 09/05/2007
Date Data Arrived at EDR: 10/02/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 9

Source:  EPA Region 4
Telephone:  404-562-9424
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Semi-Annually

INDIAN UST R5:  Underground Storage Tanks on Indian Land

Date of Government Version: 12/02/2004
Date Data Arrived at EDR: 12/29/2004
Date Made Active in Reports: 02/04/2005
Number of Days to Update: 37

Source:  EPA Region 5
Telephone:  312-886-6136
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Varies

INDIAN UST R10:  Underground Storage Tanks on Indian Land

Date of Government Version: 09/12/2007
Date Data Arrived at EDR: 09/14/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 27

Source:  EPA Region 10
Telephone:  206-553-2857
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Quarterly

INDIAN UST R8:  Underground Storage Tanks on Indian Land

Date of Government Version: 08/27/2007
Date Data Arrived at EDR: 09/07/2007
Date Made Active in Reports: 10/11/2007
Number of Days to Update: 34

Source:  EPA Region 8
Telephone:  303-312-6137
Last EDR Contact: 11/15/2007
Next Scheduled EDR Contact: 02/18/2008
Data Release Frequency: Quarterly
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EDR PROPRIETARY RECORDS

Manufactured Gas Plants:  EDR Proprietary Manufactured Gas Plants
The EDR Proprietary Manufactured Gas Plant Database includes records of coal gas plants (manufactured gas plants)
compiled by EDR’s researchers. Manufactured gas sites were used in the United States from the 1800’s to 1950’s
to produce a gas that could be distributed and used as fuel. These plants used whale oil, rosin, coal, or a mixture
of coal, oil, and water that also produced a significant amount of waste. Many of the byproducts of the gas production,
such as coal tar (oily waste containing volatile and non-volatile chemicals), sludges, oils and other compounds
are potentially hazardous to human health and the environment. The byproduct from this process was frequently
disposed of directly at the plant site and can remain or spread slowly, serving as a continuous source of soil
and groundwater contamination.

Date of Government Version: N/A
Date Data Arrived at EDR: N/A
Date Made Active in Reports: N/A
Number of Days to Update: N/A

Source:  EDR, Inc.
Telephone:  N/A
Last EDR Contact: N/A
Next Scheduled EDR Contact: N/A
Data Release Frequency: No Update Planned

FEDERAL RECORDS

COLLEGES:  Integrated Postsecondary Education Data
The National Center for Education Statistics’ primary database on integrated postsecondary education in the United
States.

Date of Government Version: N/A
Date Data Arrived at EDR: 10/12/2005
Date Made Active in Reports: N/A
Number of Days to Update: 0

Source:  National Center for Education Statistics
Telephone:  202-502-7300
Last EDR Contact: 09/22/2006
Next Scheduled EDR Contact: N/A
Data Release Frequency: N/A

HOSPITALS:  AHA Hospital Guide
The database includes a listing of hospitals based on the American Hospital Association’s annual survey of hospitals.

Date of Government Version: N/A
Date Data Arrived at EDR: 10/19/1994
Date Made Active in Reports: N/A
Number of Days to Update: 0

Source:  American Hospital Association
Telephone:  800-242-2626
Last EDR Contact: 09/22/2006
Next Scheduled EDR Contact: N/A
Data Release Frequency: N/A

NURSING HOMES:  Directory of Nursing Homes
Information on Medicare and Medicaid certified nursing homes in the United States.

Date of Government Version: N/A
Date Data Arrived at EDR: 10/11/2005
Date Made Active in Reports: N/A
Number of Days to Update: 0

Source:  N/A
Telephone:  800-568-3282
Last EDR Contact: 09/22/2006
Next Scheduled EDR Contact: N/A
Data Release Frequency: N/A

PRIVATE SCHOOLS:  Private Schools of the United States
The National Center for Education Statistics’ primary database on private school locations in the United States.

Date of Government Version: N/A
Date Data Arrived at EDR: 10/07/2005
Date Made Active in Reports: N/A
Number of Days to Update: 0

Source:  National Center for Education Statistics
Telephone:  202-502-7300
Last EDR Contact: 09/22/2006
Next Scheduled EDR Contact: N/A
Data Release Frequency: N/A

PUBLIC SCHOOLS:  Public Schools
The National Center for Education Statistics’ primary database on elementary and secondary public education in
the United States. It is a comprehensive, annual, national statistical database of all public elementary and secondary
schools and school districts, which contains data that are comparable across all states.
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Date of Government Version: N/A
Date Data Arrived at EDR: 07/13/2004
Date Made Active in Reports: N/A
Number of Days to Update: 0

Source:  National Center for Education statistics
Telephone:  202-502-7300
Last EDR Contact: 10/10/2007
Next Scheduled EDR Contact: 01/07/2008
Data Release Frequency: N/A

MEDICAL CENTERS:  Provider of Services Listing
A listing of hospitals with Medicare provider number, produced by Centers of Medicare & Medicaid Services, a federal
agency within the U.S. Department of Health & Human Services.

Date of Government Version: 06/01/1998
Date Data Arrived at EDR: 11/10/2005
Date Made Active in Reports: N/A
Number of Days to Update: 0

Source:  Centers for Medicare & Medicaid Services
Telephone:  410-786-3000
Last EDR Contact: 01/12/2007
Next Scheduled EDR Contact: N/A
Data Release Frequency: N/A

OTHER DATABASE(S)

Depending on the geographic area covered by this report, the data provided in these specialty databases may or may not be
complete.  For example, the existence of wetlands information data in a specific report does not mean that all wetlands in the
area covered by the report are included.  Moreover, the absence of any reported wetlands information does not necessarily
mean that wetlands do not exist in the area covered by the report.

CT MANIFEST:  Hazardous Waste Manifest Data
Facility and manifest data. Manifest is a document that lists and tracks hazardous waste from the generator through
transporters to a tsd facility.

Date of Government Version: 12/31/2005
Date Data Arrived at EDR: 06/15/2007
Date Made Active in Reports: 08/20/2007
Number of Days to Update: 66

Source:  Department of Environmental Protection
Telephone:  860-424-3375
Last EDR Contact: 09/12/2007
Next Scheduled EDR Contact: 12/10/2007
Data Release Frequency: Annually

NY MANIFEST:  Facility and Manifest Data
Manifest is a document that lists and tracks hazardous waste from the generator through transporters to a TSD
facility.

Date of Government Version: 08/27/2007
Date Data Arrived at EDR: 08/30/2007
Date Made Active in Reports: 09/21/2007
Number of Days to Update: 22

Source:  Department of Environmental Conservation
Telephone:  518-402-8651
Last EDR Contact: 11/29/2007
Next Scheduled EDR Contact: 02/25/2008
Data Release Frequency: Annually

PA MANIFEST:  Manifest Information
Hazardous waste manifest information.

Date of Government Version: 12/31/2006
Date Data Arrived at EDR: 08/23/2007
Date Made Active in Reports: 09/27/2007
Number of Days to Update: 35

Source:  Department of Environmental Protection
Telephone:  N/A
Last EDR Contact: 12/10/2007
Next Scheduled EDR Contact: 09/10/2007
Data Release Frequency: Annually

RI MANIFEST:  Manifest information
Hazardous waste manifest information

Date of Government Version: 04/09/2007
Date Data Arrived at EDR: 04/12/2007
Date Made Active in Reports: 04/27/2007
Number of Days to Update: 15

Source:  Department of Environmental Management
Telephone:  401-222-2797
Last EDR Contact: 10/16/2007
Next Scheduled EDR Contact: 12/17/2007
Data Release Frequency: Annually
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WI MANIFEST:  Manifest Information
Hazardous waste manifest information.

Date of Government Version: 12/31/2006
Date Data Arrived at EDR: 04/27/2007
Date Made Active in Reports: 06/08/2007
Number of Days to Update: 42

Source:  Department of Natural Resources
Telephone:  N/A
Last EDR Contact: 10/09/2007
Next Scheduled EDR Contact: 01/07/2008
Data Release Frequency: Annually

Sensitive Receptors: There are individuals deemed sensitive receptors due to their fragile immune systems and special sensitivity
to environmental discharges.  These sensitive receptors typically include the elderly, the sick, and children.  While the location of all
sensitive receptors cannot be determined, EDR indicates those buildings and facilities - schools, daycares, hospitals, medical centers,
and nursing homes - where individuals who are sensitive receptors are likely to be located.

AHA Hospitals:
Source: American Hospital Association, Inc.
Telephone: 312-280-5991
The database includes a listing of hospitals based on the American Hospital Association’s annual survey of hospitals.

Medical Centers: Provider of Services Listing
Source: Centers for Medicare & Medicaid Services
Telephone: 410-786-3000
A listing of hospitals with Medicare provider number, produced by Centers of Medicare & Medicaid Services,
a federal agency within the U.S. Department of Health and Human Services.

Nursing Homes
Source: National Institutes of Health
Telephone: 301-594-6248
Information on Medicare and Medicaid certified nursing homes in the United States.

Public Schools
Source: National Center for Education Statistics
Telephone: 202-502-7300
The National Center for Education Statistics’ primary database on elementary
and secondary public education in the United States.  It is a comprehensive, annual, national statistical
database of all public elementary and secondary schools and school districts, which contains data that are
comparable across all states.

Private Schools
Source: National Center for Education Statistics
Telephone: 202-502-7300
The National Center for Education Statistics’ primary database on private school locations in the United States. 

Daycare Centers: Licensed Child Care Facilities
Source: Department of Health & Senior Services
Telephone: 573-751-2450

Flood Zone Data: This data, available in select counties across the country, was obtained by EDR in 1999 from the Federal
Emergency Management Agency (FEMA).  Data depicts 100-year and 500-year flood zones as defined by FEMA.

NWI: National Wetlands Inventory.  This data, available in select counties across the country, was obtained by EDR
in 2002 and 2005 from the U.S. Fish and Wildlife Service.

STREET AND ADDRESS INFORMATION

© 2007 Tele Atlas North America, Inc. All rights reserved.  This material is proprietary and the subject of copyright protection
and other intellectual property rights owned by or licensed to Tele Atlas North America, Inc.  The use of this material is subject
to the terms of a license agreement.  You will be held liable for any unauthorized copying or disclosure of this material.
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440 Wheelers Farms Rd
Milford, Connecticut 06461

Nationwide Customer Service

Telephone: 1-800-352-0050
Fax: 1-800-231-6802
Internet: www.edrnet.com

EDR Historical
Topographic Map

Report

Ted Shanks Conservation Area
Pike County, IL (1)

Louisiana, MO 63353

Inquiry Number: 2100133.1

December 14, 2007
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EDR Historical Topographic Map Report

Environmental Data Resources, Inc.s (EDR) Historical Topographic Map Report is designed to assist professionals in
evaluating potential liability on a target property resulting from past activities. EDRs Historical Topographic Map Report
includes a search of a collection of public and private color historical topographic maps, dating back to the early 1900s.

Thank you for your business.
Please contact EDR at 1-800-352-0050

with any questions or comments.

Disclaimer - Copyright and Trademark Notice

This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data Resources, Inc.
It cannot be concluded from this Report that coverage information for the target and surrounding properties does not exist from other sources. NO
WARRANTY EXPRESSED OR IMPLIED, IS MADE WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL DATA
RESOURCES, INC. SPECIFICALLY DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL
ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE, WHETHER ARISING OUT OF ERRORS OR OMISSIONS, NEGLIGENCE,
ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OF DAMAGE, INCLUDING, WITHOUT LIMITATION, SPECIAL, INCIDENTAL,
CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON THE PART OF ENVIRONMENTAL DATA RESOURCES, INC. IS STRICTLY
LIMITED TO A REFUND OF THE AMOUNT PAID FOR THIS REPORT. Purchaser accepts this Report AS IS. Any analyses, estimates, ratings,
environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to provide, nor should they
be interpreted as providing any facts regarding, or prediction or forecast of, any environmental risk for any property. Only a Phase I Environmental Site
Assessment performed by an environmental professional can provide information regarding the environmental risk for any property. Additionally, the
information provided in this Report is not to be construed as legal advice.

Copyright 2007 by Environmental Data Resources, Inc. All rights reserved. Reproduction in any media or format, in whole or in part, of any report or map
of Environmental Data Resources, Inc., or its affiliates, is prohibited without prior written permission.

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other trademarks
used herein are the property of their respective owners.
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Historical Topographic Map

→

N
TARGET QUAD
NAME: LOUISIANA
MAP YEAR: 1890

SERIES: 30
SCALE: 1:125000

SITE NAME: Ted Shanks Conservation
Area

ADDRESS: Pike County, IL (1)
Louisiana, MO 63353

LAT/LONG:  /

CLIENT: U.S. Army Corps of Engineers
CONTACT: Rick Archeski
INQUIRY#: 2100133.1
RESEARCH DATE: 12/14/2007
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Historical Topographic Map

→

N
TARGET QUAD
NAME: BOWLING GREEN
MAP YEAR: 1940

SERIES: 15
SCALE: 1:62500

SITE NAME: Ted Shanks Conservation
Area

ADDRESS: Pike County, IL (1)
Louisiana, MO 63353

LAT/LONG:  /

CLIENT: U.S. Army Corps of Engineers
CONTACT: Rick Archeski
INQUIRY#: 2100133.1
RESEARCH DATE: 12/14/2007
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Historical Topographic Map

→

N
TARGET QUAD
NAME: BARRY
MAP YEAR: 1944

SERIES: 15
SCALE: 1:62500

SITE NAME: Ted Shanks Conservation
Area

ADDRESS: Pike County, IL (1)
Louisiana, MO 63353

LAT/LONG:  /

CLIENT: U.S. Army Corps of Engineers
CONTACT: Rick Archeski
INQUIRY#: 2100133.1
RESEARCH DATE: 12/14/2007
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Historical Topographic Map

→

N
TARGET QUAD
NAME: ASHBURN
MAP YEAR: 1978

SERIES: 7.5
SCALE: 1:24000

SITE NAME: Ted Shanks Conservation
Area

ADDRESS: Pike County, IL (1)
Louisiana, MO 63353

LAT/LONG:  /

CLIENT: U.S. Army Corps of Engineers
CONTACT: Rick Archeski
INQUIRY#: 2100133.1
RESEARCH DATE: 12/14/2007
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Historical Topographic Map

→

N
TARGET QUAD
NAME: VERA
MAP YEAR: 1978

SERIES: 7.5
SCALE: 1:24000

SITE NAME: Ted Shanks Conservation
Area

ADDRESS: Pike County, IL (1)
Louisiana, MO 63353

LAT/LONG:  /

CLIENT: U.S. Army Corps of Engineers
CONTACT: Rick Archeski
INQUIRY#: 2100133.1
RESEARCH DATE: 12/14/2007
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Historical Topographic Map

→

N
TARGET QUAD
NAME: VERA
MAP YEAR: 1991

SERIES: 7.5
SCALE: 1:24000

SITE NAME: Ted Shanks Conservation
Area

ADDRESS: Pike County, IL (1)
Louisiana, MO 63353

LAT/LONG:  /

CLIENT: U.S. Army Corps of Engineers
CONTACT: Rick Archeski
INQUIRY#: 2100133.1
RESEARCH DATE: 12/14/2007
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Historical Topographic Map

→

N
TARGET QUAD
NAME: ASHBURN
MAP YEAR: 1993

SERIES: 7.5
SCALE: 1:24000

SITE NAME: Ted Shanks Conservation
Area

ADDRESS: Pike County, IL (1)
Louisiana, MO 63353

LAT/LONG:  /

CLIENT: U.S. Army Corps of Engineers
CONTACT: Rick Archeski
INQUIRY#: 2100133.1
RESEARCH DATE: 12/14/2007
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The Standard in
Environmental Risk
Information

440 Wheelers Farms Road
Milford, Connecticut 06461

Nationwide Customer Service

Telephone: 1-800-352-0050
Fax: 1-800-231-6802
Internet: www.edrnet.com

The EDR Aerial Photo
Decade Package

Ted Shanks Conservation Area
Ted Shanks Conservation Area

Louisiana, MO 63353

Inquiry Number: 2093634.2

December 14, 2007
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EDR Aerial Photo Decade Package

Environmental Data Resources, Inc. (EDR) Aerial Photo Decade Package is a screening tool designed to assist
environmental professionals in evaluating potential liability on a target property resulting from past activities. EDRs
professional researchers provide digitally reproduced historical aerial photographs, and when available, provide one photo
per decade.

When delivered electronically by EDR, the aerial photo images included with this report are for ONE TIME USE
ONLY. Further reproduction of these aerial photo images is prohibited without permission from EDR. For more
information contact your EDR Account Executive.

Thank you for your business.
Please contact EDR at 1-800-352-0050

with any questions or comments.

Disclaimer - Copyright and Trademark Notice

This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data Resources, Inc.
It cannot be concluded from this Report that coverage information for the target and surrounding properties does not exist from other sources. NO
WARRANTY EXPRESSED OR IMPLIED, IS MADE WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL DATA
RESOURCES, INC. SPECIFICALLY DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL
ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE, WHETHER ARISING OUT OF ERRORS OR OMISSIONS, NEGLIGENCE,
ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OF DAMAGE, INCLUDING, WITHOUT LIMITATION, SPECIAL, INCIDENTAL,
CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON THE PART OF ENVIRONMENTAL DATA RESOURCES, INC. IS STRICTLY
LIMITED TO A REFUND OF THE AMOUNT PAID FOR THIS REPORT. Purchaser accepts this Report AS IS. Any analyses, estimates, ratings,
environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to provide, nor should they
be interpreted as providing any facts regarding, or prediction or forecast of, any environmental risk for any property. Only a Phase I Environmental Site
Assessment performed by an environmental professional can provide information regarding the environmental risk for any property. Additionally, the
information provided in this Report is not to be construed as legal advice.

Copyright 2007 by Environmental Data Resources, Inc. All rights reserved. Reproduction in any media or format, in whole or in part, of any report or map
of Environmental Data Resources, Inc., or its affiliates, is prohibited without prior written permission.

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other trademarks
used herein are the property of their respective owners.
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Date EDR Searched Historical Sources:
Aerial Photography	December 14, 2007

Target Property:
Ted Shanks Conservation Area

Louisiana, MO 63353

Year Scale Details Source

1980 Aerial Photograph. Scale: 1"=1000' Panel #: 2439091-D1/Flight Date: April 01, 1980 EDR

1991 Aerial Photograph. Scale: 1"=1000' Panel #: 2439091-D1/Flight Date: February 23, 1991 EDR

1998 Aerial Photograph. Scale: 1"=750' Panel #: 2439091-D1/Flight Date: April 14, 1998 EDR

2093634.2
2
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INQUIRY #:

YEAR:

2093634.2

1980

 = 1000'
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1.  PURPOSE 
 
This appendix presents the general geology (physiography) and specific geotechnical analysis 
relevant to the project.  Brotcke Well & Pump, Inc., obtained soil borings, with laboratory 
analysis and interpretation performed by USACE Engineers and Technicians.  Geotechnical 
analyses and recommendations for the project were developed by the USACE project 
geotechnical engineer. 
 
2.  PROJECT FEATURES 
 
Key features of the project include design and construction of new water control structures and a 
new pump station, evaluation of two proposed levee alignments and interior berms for 
construction feasibility, and construction of new embankments to create a channel for pump 
station effluent, as shown as an attachment to the appendix in Figure 1. Excavations are also 
proposed underwater in Horseshoe Lake for fish hibernation areas. These features are designed 
to protect and/or enhance wetland and floodplain habitat. 
 
3.  LOCATION 
 
The project features are located within Ted Shanks Conservation Area, between Mississippi 
River Miles (RM) 284.5 and 288.5 (Fig. 2). The pump station channel would begin at the 
Mississippi River levee and connect to Three Mile Ditch which runs northwest-southeast through 
the middle of the project area.  Two new berms would border the pump station channel and 
connect to two new interior berms at Three Mile Ditch.  These berms would divide the 
Horseshoe Unit into three separate management units: Horseshoe Northwest, Northeast, and 
South.  Three of the five interior water control structures are proposed at the intersection of the 
three units (CN1, CW2, CS3).  Two additional structures are proposed to replace the structures 
that connect the Nose Slough Unit to the Horseshoe Unit (NS1 and NS2).  The remaining three 
structures are peripheral, located in the exterior agricultural levee; one structure is proposed at 
the south end of Horseshoe Lake (HL1), one at the southeast corner of the site (SR1), and one 
where Three Mile Ditch connects to Deadman’s Slough (DS1).  Two proposed levee alignments 
were evaluated for feasibility adjacent to Horseshoe Lake and Reiniking Slough.  These 
proposed levee alignments would setback the existing levee from the Salt River. 
 
4.  PHYSIOGRAPHY 
 
Soils at Ted Shanks Conservation Area (TSCA) are Holocene alluvial deposits predominantly of 
the Chequest-Dockery-Carlow association.  Blackoar and Dockery silt loams, Chequest silty clay 
loams, and Carlow silty clays compose most soils on TSCA and their distribution reflects slight 
differences in elevation and distance from the Mississippi and Salt Rivers (Love 1997).  These 
silt and clay deposits range in thickness from 20-30 feet above older sand and gravel deposits 
deposited during glacial outwash periods.  Generally, alluvial-derived silts and clays are thinner 
on the more recent Holocene channel belt geomorphic area and deeper on the Salt River tributary 
fan.  Some small sand inclusions occur within the silt and clay deposits; these are usually less 
than 10 feet deep.   The bedrock beneath TSCA consists of shale and limestone of the Maquoketa 
Shale deposited in the Ordovician period (Willman and Frye 1970, Willman et al. 1975).  
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Approximately 100-120 feet of Quaternary sediments overlie this bedrock (Piskin and Bergstrom 
1975, MDC 1973).   
 
Floodplain elevations at TSCA are primarily between 450-456’ national geodetic vertical datum 
(NGVD).  Most of the project area is < 453’ NGVD; about 40% of this area is < 450’ NGVD and 
now flooded for extended periods annually by water level management of Pool 24.  Elevations in 
the eastern late-Holocene channel belt area of the project area generally run in parallel bands 
along the numerous ridges and swale complexes.  In contrast, elevations on the Salt River 
tributary fan reflect abandoned channel configurations with higher elevations near the banks of 
old channels and lower elevations behind oxbows.  Generally, the higher elevations on TSCA 
occur along natural levees, tributary fans along the Salt River, and in the northern older 
Holocene channel belt part of the area.  River hills and bluffs along Shanks rise to about 800’ 
NGVD. 
 
5.  SUBSURFACE EXPLORATION 
 
The subsurface exploration was completed by Brotcke Well and Pump, Inc., from November 4, 
2008 through August 28, 2009.  Twenty one borings were drilled by an all-terrain CME 550 drill 
rig and an all-terrain Diedrich D-120 drill rig, using hollow-stem auger and mud rotary drilling 
methods.  Three additional overwater borings were drilled with a post-driving rig from an 
anchored watercraft.  An elevation survey of the borings was not performed.  Elevations were 
determined by superimposing the boring location GPS coordinates on a digital terrain model of 
the site.  The boring locations are shown in reference to the site features as an attachment to the 
appendix in Figure 3. 
 
The borings were advanced to depths of 18.5 to 92.’.  Shelby tube samples were obtained at 2.5 
to 5.0’ intervals in the fine-grained blanket soils, and split-spoon samples were obtained at 5.0’ 
intervals in the coarse-grained aquifer soils.  Split-spoon samples were recovered using a 2” 
outside-diameter, split-barrel sampler, driven by a 140-pound automatic hammer.  The split-
spoon samples were placed in glass jars and saved for later testing in the laboratory. Shelby tube 
samples were recovered using 3” outside diameter Shelby tubes driven by a hydraulic piston.  
The Shelby tube samples were preserved by wax sealing the sample at both ends in the tube.  It is 
the project geotechnical engineer’s opinion that all Shelby tube samples appeared relatively 
undisturbed at the time of extrusion, and are representative of the in-situ shear strengths and 
natural moisture contents for the site soils.  The boring locations and boring logs are shown as 
attachments to the appendix in Figure 4 through Figure 14. 
 
A borrow site investigation was performed on September 22, 2009.  The project geologist’s 
borrow site investigation memorandum is attached at the end of this appendix, and indicated that 
the borrow areas consist of clays classified CL and CH.  These soils are suitable for use as 
embankment fill.  Borings were drilled in the vicinity of proposed site improvements, and 
following is a discussion of the various borings and the corresponding proposed site features. 
 

A. Gatewell/Pump Station Borings.  Six borings were drilled in areas proposed to support a 
total of eight water control structures throughout the site; support of structural loads was 
evaluated at each location based on the corresponding structure’s proposed footprint dimensions 
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and the representative in-situ shear strengths of the soils within the bearing zone of influence.  
Sample SLU-2C-09 is representative of the subgrade at the intersection of the three proposed 
management units, where three water control structures are proposed (CN-1, CW-2, and CS-3).  
Samples GW-1 and GW-2 represent the other two interior structures (NS-1 and NS-2 
respectively) proposed in the berm separating Nose Slough and Horseshoe NW.  Sample GW-3-
09 is representative of the subgrade for the structure HL-1.  Samples GW-4 and GW-5 are 
representative of the subgrade for SR-1 and DS-1 respectively.  PS-1 is representative of the 
subgrade for the proposed pump station, at the Mississippi River levee between Horseshoe NE 
and S.  These borings were drilled to develop preliminary design allowable bearing capacities, 
evaluate the potential for settlement, and evaluate potential underseepage risks. 
 

B.  MDC/Corps Alignment Borings.  Eleven borings were drilled for four proposed 
alignments adjacent to Horseshoe Lake and Reiniking Slough.  The soils were evaluated to 
determine which alignments would provide a more suitable subgrade for support of the proposed 
levees.  Analysis took into account suitability for support of the increased surcharge loads due to 
the proposed levees, as well as a preliminary evaluation of underseepage potential at each boring 
location.  MDC-2A-09, MDC-2B-09, and GW-3-09 are representative of the alignment proposed 
by the Missouri Department of Conservation, north of Reiniking Slough and west of Horseshoe 
Lake; MDC-2A-09, COE-2A-09, and COE-2B-09 are representative of the corresponding 
setback alignment proposed by the U.S. Army Corps of Engineers, north of Reiniking Slough 
and west of Horseshoe Lake.  MDC-1A-09, MDC-1B-09, and MDC-1C-08 are representative of 
the alignment proposed by the Missouri Department of Conservation, adjacent to and south of 
Reiniking Slough; COE-1A-09, COE-1B-09, and COE-1C are representative of the 
corresponding setback alignment proposed by the U.S. Army Corps of Engineers, adjacent to and 
south of Reiniking Slough. 

 
C.  Interior Berm Borings.  Two borings were drilled in the vicinity of proposed interior 

berms along the existing Three Mile Ditch.  BRM-1-09 was drilled northeast of Horseshoe Lake, 
while BRM-2-09 was drilled east of Horseshoe Lake and south of the confluence of Nose Slough 
and Three Mile Ditch.  The subsurface conditions at these boring locations were also evaluated 
to determine feasibility for surcharge load support of the proposed embankments, as well as the 
potential for underseepage risks. 

 
D.  Pump Station Channel.  Three borings were drilled for the proposed pump station 

channel.  SLU-2A-09 was drilled in the general vicinity of the proposed pump station along the 
alignment of the south embankment.  SLU-2B-09 was drilled between the pump station and 
Three Mile Ditch, approximately midway along the south embankment alignment.  SLU-2C-09 
was drilled across Three Mile Ditch from the end of the proposed channel, just west of the three 
proposed water control structures CN-1, CW-2, and CS-3.  The subsurface conditions at these 
boring locations were also evaluated to determine feasibility for surcharge load support of the 
proposed embankments, as well as the potential for underseepage risks. 
 

E.  Overwater Borings.  Three borings were drilled in Horseshoe Lake by a post driving rig 
on an anchored boat.  Samples B-1, B-2, and B-3 were drilled to termination depths of 20 feet 
below the hull of the boat in an effort to determine if the lake liner is of adequate thickness to 

G-3



allow for underwater excavation.  It is proposed to excavate 10-12 feet below the top of the liner 
in order to provide improved hibernation areas for fish inhabiting Horseshoe Lake. 
 
6.  LABORATORY TESTING 
 
In order to determine selected engineering properties, the following laboratory tests were 
performed on selected samples recovered from the borings: 
 

• Visual descriptions by color and texture of each sample 
• Natural moisture content of each cohesive sample 
• Hand penetrometer determinations of the approximate compressive strength of cohesive 

samples 
• Atterberg Limits test on all cohesive samples 
• Grain size analyses of all coarse grained samples 
• Percent passing No. 200 sieve 
• Unit weight of selected undisturbed samples 
• Unconfined compressive tests of selected cohesive samples 

 
Laboratory testing results are indicated on the boring profiles within the appendix. 
 
7.  STRATIGRAPHY 
 
The subsurface profile of the project area consists of brown and grey, medium to fine sands 
below brown and grey fat and lean clays and silts, with occasional interbedded silt and sand 
lenses within the fine-grained blanket soils.  Fat clays were generally found between 
approximate elevations 425 and 456’ NGVD.  Lean clays were generally found between 
approximate elevations 430 and 458’ NGVD, with clay plugs observed as deep as approximate 
elevation 405 in boring COE-1A-09.  Auger refusal was observed at a depth of 92.5 feet below 
grade (assumed on intact bedrock) in boring PS-1, at elevation 361.3’ NGVD. 
 
8.  SITE CHARACTERIZATION  
 

A.  General.  The formation for the project area is composed of sand under clay, with 
occasional interbedded silt and sand lenses within the fine-grained soils.  Relatively undisturbed 
Shelby Tube samples of select cohesive materials were obtained, and foundation shear strengths 
were obtained by unconfined compression tests performed in the lab.  Laboratory testing results 
are indicated on the boring profiles within the appendix.  The surficial clays will provide a 
suitable foundation for the standing water that will result from wetlands enhancement.  
 

B.  Subsurface Conditions.   Twenty four borings were advanced within the proposed 
project area.  The borings were advanced to depths ranging between 18.5 feet and 92.5 feet 
below the existing ground surface.  The boring locations were selected to investigate the 
subsurface conditions at proposed project structure/feature locations.  Subsequent to the 
completion of the borings, during conceptual development and evaluation of the project, some 
structures/features were added, removed or relocated.  As a result, the closest available borings 
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are used as an indication of the subsurface conditions at the current proposed structure/feature 
locations.   
 
The near surface soils encountered in the borings were highly variable, as is typical of a river 
flood plain environment.  The surficial soils consisted of soft lean and fat clays (CL and CH).  
Even though the surficial soils were found to be variable, the soils encountered at depth tended to 
be more uniform across the site.  The borings transitioned to very loose to very dense, poorly 
graded sands (SP), typically in the elevation range of 420-430’ NGVD, although the top of the 
aquifer was observed as high as approximate elevation 444’ NGVD in boring PS-1.  The aquifer 
sands were typically loose to medium dense near existing grade; at depth, the sands were 
typically medium dense, with occasional very dense deposits.  All of the borings that were 
extended to elevation 426’ NGVD or deeper ended in the aquifer soils. 
 
Groundwater elevations measured at the time of drilling ranged from approximate elevations 
433-456’ NGVD, with a majority of the measurements in the 435-450’ NGVD range.  It would 
be expected that the groundwater levels in the aquifer sands would closely follow the levels of 
the Mississippi.  Perched water tables would be expected at higher elevations in the surficial fine 
grained CH and CL soils. 
 

C.  Geotechnical Design Parameters.  In order to complete preliminary geotechnical 
analyses of the project features/structures, it was necessary to assign geotechnical design 
parameters to the foundation and embankment materials.  The design parameters include soil 
shear strength parameters, unit weights and compressibility.  The development of the 
geotechnical design parameters is based upon soil descriptions, standard penetration (N) values, 
sieve analyses, unit weight, moisture content, and pocket penetrometer and unconfined 
compressive strength testing.  Additional exploration and testing may be warranted at some 
structure locations to provide information for the final design of critical structures/features.  
Since the current study was preliminary in nature, the following minimal laboratory and field 
testing was performed after completion of the subsurface investigation. 

 
Surficial Clays (CL and CH).  The near surface soils were generally found to consist of 

low to high plasticity lean clays and fat clays, classified CL and CH respectively.  Standard 
penetration (N) values, pocket penetrometer and unconfined compressive strength testing 
indicated the surficial clays to be very soft to very stiff in consistency.  In some areas it is 
anticipated that the shear strength of these soils may be less than 500 psf, and can exceed 1,500 
psf in the natural soils.  Laboratory unconfined compression tests yielded some compressive 
strengths exceeding 5,000 psf, but these are representative of samples obtained in borings drilled 
through the existing embankments and obtained in compacted embankment fill soils.  For the 
preliminary analysis, it was assumed that the surficial clay soils have a Φ = 0°, and cohesive 
strengths as indicated on the bearing capacity calculation sheets in the appendix.  
 
          Silt Lenses (ML).  Isolated silt lenses were occasionally observed near the top of the 
aquifer.  Standard penetration (N) values obtained in the silts indicated these soils to generally be 
of very soft to soft consistency, with one deposit noted to be of medium consistency.  Silt lenses 
were observed to be less than 5 feet in thickness, and typically were less than 3 feet in thickness.  
Silt lenses generally occurred at depths such that they will not be within the influence of 
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significant foundation loads.  Silt lenses were taken into account when computing effective 
blanket permeabilities and thicknesses for underseepage analysis. 
 

Aquifer Sands (SP, SP-SM, SM, SC, and SW-SM).  The majority of the aquifer materials 
were poorly graded sands, classified SP.  Poorly graded sands with silt and silty sands, classified 
SP-SM and SM respectively, were observed generally in the upper half of the aquifer.  Isolated 
deposits of clayey sand and well graded sand with silt, classified SC and SW-SM respectively, 
were also observed occasionally.  Standard penetration (N) values indicated the sands to be 
typically loose grading to medium dense with depth; occasional dense to very dense deposits 
were noted in the sands near bedrock (assumed at elevation 361.3’ NGVD).  For the preliminary 
analyses it is assumed that these sandy soils have a c = 0 psf and a Φ = 25° for the loose sands, 
and a Φ = 30° for the medium dense and denser sands.  Sands exhibiting very loose relative 
density are generally considered unsuitable for support of structures on shallow foundations.  
The N-values obtained within the zone of influence of the proposed pump station (boring PS-1) 
indicate the sands at proposed foundation bearing level for the pump station to be very loose, 
also indicating that the pump station may potentially exhibit a need for deep foundations.  

 
Compacted Embankment Fill.  The embankment fill will consist of job excavated soils.  

The soils excavated from above elevation 444’ NGVD will tend to be clays of varying plasticity, 
with isolated seams of silt and sand.  The soils excavated below elevation 444’ NGVD will tend 
to be sands.  Detailed earthwork quantities were available for the borrow areas at the time of 
writing, and sufficient quantities of cohesive materials may be present on-site such that the 
proposed embankments may be constructed entirely of cohesive materials.  If sufficient 
quantities of cohesive materials are not present, the embankments should be constructed such 
that the lower permeability, clay soils are used for the upstream, wet sides of the embankments 
and lower portions of the embankments, while the sandier soils are used for the dry side and 
upper portions of the embankments.   

 
The proposed borrow areas are composed of clays of varying plasticity, and it is anticipated 

that enough cohesive material is present for construction of the proposed embankments.  For the 
preliminary analyses it was assumed that the compacted embankment soils will be clays of 
varying plasticity having a Φ = 0° and a c = 800 psf (based on shear strengths obtained from 
borings drilled through the existing embankments).  It is recommended that all proposed 
embankments be constructed of fill compacted to at least 90% of the materials’ standard Proctor 
density (ASTM D698), within a moisture range of optimum -2% to +4%.  The upper limit for 
optimum moisture of +4% is justified by the significant portion of the proposed borrow materials 
which are clays classified CH, and are typically wet of the materials’ plastic limits.  It is 
expected that the required compaction can generally be achieved at the natural moisture contents, 
and will require minimal moisture conditioning of wet materials to facilitate compaction within 
the moisture range specified.  The embankments’ heights will typically be less than 13 feet.  It is 
recommended that all proposed embankments be constructed with a minimum crown width of 12 
feet, and should be constructed with side slopes no steeper than 3H:1V.  Preliminary civil 
drawings indicated some of the shorter embankments to be constructed with 4H:1V side slopes, 
and taller embankments to be constructed with 3H:1V side slopes.  These sections may be 
necessary to tie in to the existing levee cross section, in which case they may be necessary. 
However, 3H:1V side slopes would be adequate for embankments less than 8 feet tall, and would 
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provide a more economical embankment section.  Any embankments taller than 8 feet should be 
analyzed for stability using finite element analysis software.  
 
9.  EXCAVATIONS  
 

A.  General.  The proposed construction involves excavating in cohesive soils of low 
permeability for construction of new foundations.  All excavation will be in relatively dry 
ground, with the exception of the proposed pump station site.  The pump station’s proposed 
invert elevation indicates that it would be founded in the aquifer sands, and would likely 
encounter groundwater during excavation; as a result, the pump station’s excavation could pose a 
potential risk for seepage during and after construction if not addressed by underseepage 
controls.  The relatively high permeability of the aquifer sands indicates that Category 2 
excavation dewatering may be required for foundation excavations if the structure is to occupy 
the currently proposed site.  Excavation would be required to construct water control structures 
and install piping and culverts, and is anticipated to be completed using hydraulic excavation 
equipment.  

 
Excavation could also possibly include dredging to re-grade the pump station channel.  In the 
near vicinity of the pump station, excavations to the proposed channel bottom at elevation 444.5’ 
NGVD will reduce the thickness of the fine-grained blanket soils, resulting in excessive 
gradients if excavation work occurs while the Mississippi River is above elevation 452’ NGVD. 
If excavation is to occur while the river is above elevation 452’ NGVD, temporary underseepage 
controls will be necessary.  Seepage concerns are discussed in greater detail in Section 12 of this 
appendix.  Generally, soils in the upper layers are lean to fat clays with underlying sand, 
although at several locations the borings encountered clay exclusively.    
 
Three overwater borings (B-1-08, B-2-08, and B-3-08) were drilled in Horseshoe Lake by a boat 
mounted post-driving rig.  A review of the boring logs indicated a lake liner stratum consisting 
of clays of varying plasticity.  The clay stratum had a thickness of at least 14.8 feet in B-1-08, 13 
feet in B-2-08, and 10.5 feet in B-3-08.  In order to ensure a minimum fine-grained blanket 
thickness of 5 feet at all boring locations, maximum excavation depths shall be 9.8 feet, 8 feet, 
and 5.5 feet in the vicinity of B-1-08, B-2-08, and B-3-08 respectively. 

 
B.  Excavation Technique.  All excavation would be done using hydraulic excavation 

equipment.  It is anticipated that all excavation would be done “in the dry.”  Excavation for the 
proposed pump station channel would be only to elevation 444.5’ NGVD, but may expose the 
aquifer sands.  Permanent underseepage controls may be necessary as a result, and are discussed 
in greater detail in Section 12 of this appendix.  The borings show that the depth to water was 
observed generally between elevations 440-450’ NGVD, and depths to water observed in the 
upper 10 feet of subgrade within the surficial clays are generally thought to indicate perched 
groundwater. 

 
C.  Excavation Dewatering.  Although the boring information indicates that the dewatering 

effort should not be significant for the relatively shallow excavations and structures, in the event 
dewatering is required, dewatering methods were investigated for applicability to the project.  Three 
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categories of dewatering methods are discussed in TM 5-818-5 Dewatering and Groundwater 
Control:     
 

Category 1 - Interception and Removal of Groundwater.  Includes pumping 
from sumps located in the base of the excavation, pumping from wells, wellpoints and 
vertical drains. 
 

Category 2 - Reduction of Artesian Pressures.  Includes pumping from wells, 
wellpoints and non-pumping “relief” wells.  Category 2 is intended to reduce artesian 
pressures, but not necessarily provide a dry excavation. 

 
Category 3 - Isolation of Excavation.  Includes sheet pile cutoffs, grout curtains, 

slurry trenches, and ground freezing. 
 

Of these methods, sumps in excavations would likely be the most cost effective and appropriate 
solution.  Sumps could be used a few feet below the water table due to the generally low 
permeability of the site soils above elevation 444’ NGVD.  Proposed excavations in borrow 
areas should not exceed a depth of 18 inches per the recommendations outlined in the borrow site 
investigation, which is included as an attachment to the appendix.  If excavation depths do not 
exceed 18 inches, it is expected that drainage can be managed by sumps and sloped perimeter 
trenches.  Excavations exposing the aquifer sands will likely require Category 2 excavation 
dewatering in order to prevent excessive uplift due to seepage during excavation. 

 
10.  STRUCTURE FOUNDATIONS 
 

A. Foundation Type.  Selection of the foundation type for the proposed structures was 
based on soil conditions encountered in the borings and the proposed footprint dimensions of the 
structures; detailed foundation loads were not available at the time of this report.  A mat 
foundation is recommended for the water control structures NS-1, NS-2, HL-1, and DS-1, as the 
borings indicated predominantly cohesive soils at and below the proposed foundation levels and 
because the structures will likely impart light loadings on these soils.  Consideration could also 
be given to mat foundations for structures SR-1, CN-1, CW-2, and CS-3 with additional 
exploration and analysis.  If structural loads become available, the design allowable bearing 
capacity could be reevaluated to determine feasible foundation support systems.  These 
structures could also be founded on driven piles, which will likely be necessary for support of the 
pump station.  If some soft clay soils are encountered at the proposed foundation bearing levels, 
it is recommended that these soft and compressible soils be overexcavated and replaced with 
compacted granular backfill.  The project geotechnical engineer should be contacted if 
unexpected conditions are encountered during excavation, and could provide recommendations 
for overexcavation of unsuitable materials.  The available boring information indicates that any 
overexcavation and replacement will be less than 5 feet.  
 

B. Deep Foundations.  Deep foundations could be used to support structures through the 
softer cohesive materials above approximate elevation 444’ NGVD.  If deep foundations were 
used, driven piles would provide an effective option for the lightly loaded structures.   
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The N-values obtained within the zone of influence of the proposed pump station (boring PS-1) 
indicate the sands at proposed foundation bearing level for the pump station to be very loose, 
also indicating that the pump station may potentially exhibit a need for deep foundations.  The 
proposed invert elevation and base slab thickness for the pump station indicate that the structure 
will be founded in the aquifer sands.  It is also possible that the pump station could be supported 
on shallow foundations if a new site were selected such that the foundations would bear in 
cohesive materials.  

 
Structures adjacent to SLU-2C-09 (which include CN-1, CW-2, and CS-3) and the structure in 
the vicinity of GW-4-08 (structure SR-1) may also need to be constructed on deep foundations.  
If deep foundations are necessary, it is recommended that deep founded structures be built on 
driven piles, as the densification of adjacent sands resulting from pile driving will improve 
lateral stability and bearing capacity of the foundations. 

 
C.   Mat Foundations.  Mat foundations are recommended for support of water control 

structures NS-1, NS-2, HL-1, and DS-1.  Mat foundations could be considered as well for CN-1, 
CW-2, CS-3, and SR-1 with more detailed subsurface investigation and analysis, as well as 
detailed structural loads.  The borings encountered predominantly medium to stiff consistency 
clays of varying plasticity at and below the base elevation of the structures.  Occasional soft 
cohesive strata were encountered in the borings at or slightly below the proposed bearing level.   
These strata may be isolated, and were typically less than 5 feet thick.  They can be removed and 
replaced with compacted granular fill, although associated increases in uplift resulting from 
overexcavation and backfill with pervious materials will need to be considered in future 
structural analysis and design.  

 
It is recommended that all mat foundations are constructed on a minimum 12-inch thick layer of 
gravel compacted to 95% of the material’s standard Proctor density (ASTM D698) at optimum 
moisture +2%; a compacted granular base will help to equalize moisture conditions under the 
slab and distribute applied loads more uniformly.  Where foundations encounter clays of high 
plasticity (classified CH), additional overexcavation and backfill could further reduce the risk of 
shrink-swell motion.  Clays classified CH can exhibit expansive properties with corresponding 
increases in moisture content, and a gravel base for mat foundations would provide an effective 
and economical precautionary measure. 

 
Design allowable bearing capacities for each structure were computed by Meyerhof’s Method 
and Vesic’s Method, and account for a factor of safety = 3.0.  The results of both methods were 
compared for each location, and the lowest bearing capacity computed for each location was 
conservatively designated as the design allowable bearing capacity due to the preliminary nature 
of the analyses; in all cases, Meyerhof’s method indicated slightly more conservative bearing 
capacities, and as a res7o.  The saturated case was considered for evaluation of allowable bearing 
capacities, modeling the groundwater table at the same elevation as the existing ground surface 
at each structure location.  Computations are based on the shear strength testing data obtained in 
each structure’s corresponding boring, as well as the proposed foundation dimensions of each 
structure.  Detailed structural loads were not available for this analysis.  Unconfined compressive 
strength testing performed on the cohesive materials within the zones of influence of proposed 
control structures NS-1, NS-2, HL-1, and DS-1 indicated design allowable bearing capacities in 
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the range of 1,111-2,318 psf.  Detailed structural loads were not available at the time of writing, 
but the N-values, unconfined compressive strengths, and natural moisture contents indicate that 
the near surface materials generally exhibit a satisfactory degree of overconsolidation, and that 
the proposed control structures can be supported on shallow foundations sized such that the 
applied bearing pressures do not exceed the design allowable bearing capacity for each structure. 

 
Strength test results from two borings indicated a potential need for deep foundations. 
Unconsolidated deposits were found in boring SLU-2C-09, as indicated by natural moisture 
contents in excess of the liquid limit in some clay samples, as well as relatively low compressive 
strengths.  A soft clay layer overlying very loose sands is also present in boring GW-4-08, and is 
present less than 3 feet below the proposed foundation bearing elevation for structure SR-1.  
Allowable bearing capacities computed by Meyerhof’s method indicate the adjacent structures 
could be founded on shallow foundations with applied bearing pressures of 581-649 psf, but the 
compressible nature of the natural clays indicates a settlement risk if structural loads are greater 
than the design allowable bearing capacity.  Further exploration and analysis is warranted within 
each structure’s proposed footprint, as SLU-2C-09 was drilled only in the vicinity of the 
proposed structures, and the extent of the soft clay layer in boring GW-4-08 may be isolated.  A 
table indicating preliminary allowable bearing capacities for design and each structure’s 
corresponding boring used in analysis is included below: 
 

Structure 
Designation 

Corresponding 
Boring 

Allowable Bearing Capacity (psf) 
[Meyerhof’s Method] 

Allowable Bearing Capacity (psf) 
[Vesic’s Method] 

NS-1 GW-1-08 1,897 1,938 
NS-2 GW-2-08 2,318 2,368 
HL-1 GW-3-09 1,111 1,131 
SR-1 GW-4-08 649 656 
DS-1 GW-5-08 1,541 1,557 
CN-1 SLU-2C-09 614 621 
CW-2 SLU-2C-09 581 595 
CS-3 SLU-2C-09 614 621 

 
The allowable bearing capacity of the soils underlying the structures was computed using the 
methods given in EM 1110-1-1905.  If additional bearing capacity is required, the mat 
foundations could be constructed at a greater depth below final grade in order to bear on stiffer 
soils, or the underlying unsuitable materials could be overexcavated and replaced with 
compacted gravel to improve subgrade shear strength properties.   
 
11.  LATERAL EARTH PRESSURE FOR WALL DESIGN 
 
Lateral earth pressure coefficients are required for the structural design of the structure walls and 
wingwalls.  Recommended at-rest earth pressure coefficients for concrete (non-flexible) walls 
were determined using the method presented in EM 1110-02-2502, Equation 3-6.  
Recommended active and passive earth pressure coefficients for sheet-pile (flexible) walls were 
determined using methods presented in EM-1110-2-2504, Equations 4-5 and 4-6, respectively.  
All of the walls to be constructed for the project will be retaining compacted fill and backfill.  
Wall backfill materials are recommended to consist of granular materials such as sand or gravel.  
The borings indicate that a majority of the excavated material will consist clays of varying 
plasticity.  It is recommended that backfill materials for walls not consist of the on-site cohesive 
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soils, as some of the clays may pose a risk of shrink-swell motion with corresponding changes in 
moisture content.  The earth pressure coefficients developed for design are based on the 
assumption that fill and backfill being retained by the walls consists of compacted sand having a 
dry unit weight of 135 pcf and a Φ = 30°. 
 

Concrete Walls 
At Rest earth pressure coefficient    k = 0.66 
 
Sheet Pile Walls 
Active earth pressure coefficient    k = 5.37 
Passive earth pressure coefficient    k = 4.16 
 
Unit weight of Fill/Backfill     135 pcf 
Saturated Unit Weight of Fill/Backfill   150 pcf 
Lateral Fluid Pressure      62.4 pcf 
 
Surcharge - 250 psf.  Surcharge will be applied to structures where vehicles can be 

positioned within 0.5H of the structure (H measured from BOF to grade). 
 
Surcharge.  Loads due to placement of control structures, storage facilities, etc. adjacent 

to structures (i.e. retaining walls and foundations) shall be applied as required. 
 
Compaction.  The compactive forces on structure walls will control the wall design and 

result in a significant thickening of the concrete walls over that required for other design 
conditions.  Therefore, in order to provide a more economical design, the compactive forces may 
be omitted from the design if requirements are added to the drawings and specifications that only 
hand operated compactors be used adjacent to the new walls.  It is recommended that compaction 
of fill or backfill adjacent to the walls be tested for field density after the first four passes in each 
lift and every pass thereafter, in order to minimize the risk of structural distress due to excessive 
compactive forces on the wall during construction. 

 
 

12.  UNDERSEEPAGE   
 
A preliminary underseepage analysis was performed at each of the proposed structures and at 
boring locations drilled along the proposed levee alignments, interior berms, and the proposed 
pump station channel.  The blanket unit weights for underseepage analysis were determined 
using the unconfined compression test laboratory specimens’ measured dimensions and their 
corresponding laboratory moisture contents.  Aquifer material permeabilities for analysis were 
computed as an average of the individual samples permeabilites in each boring, based on the 
materials’ D10 values determined from laboratory grain size analysis.  Net levee grade was 
conservatively estimated at elevation 463’ NGVD in locations adjacent to existing levees or in 
proposed levee construction areas.  This assumption is due to as-built contours in some locations 
indicating the crown of the existing levee to reach this elevation, and also conservatively 
estimates any overbuild for new embankments.  Estimating net levee grade at higher elevations 
implies greater applied differential heads, and as a result, greater predicted gradients.  Factors of 
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safety for underseepage are computed based on the predicted gradients, so assuming a higher net 
levee grade indicates a more conservative factor of safety.  Underseepage analysis was 
performed using the methods outline in TM 3-424 and TM 3-430, requiring a minimum factor of 
safety of 1.60 in order to determine allowable exit gradients.  The results of the underseepage 
analyses are discussed in detail in the following paragraphs.  
 

A.  Water Control Structures/Pump Station.  Underseepage analysis was performed at 
each of the water control structure locations based on preliminary structural information.  The 
base slab thickness at each structure and the recommended 12-inch bed of gravel were subtracted 
from the proposed invert elevations to conservatively estimate the landside ground surface 
elevations and predominant tailwater elevations; these assumptions predict that sand boils would 
form at the final excavated grades during foundation construction, and neglect the additional 
surcharges that would be applied by the structures, as loads were not available.  The length of 
each structure’s cross section perpendicular to the levee alignment was elected to represent L2, 
the design length of the levee cross section.  Design parameters were designated conservatively 
for the preliminary seepage analysis. 
 
Predicted gradients at the water control structures ranged from 0.07-0.23, and factors of safety 
for seepage ranged from 3.83-12.93.  Corps guidance requires a factor of safety of at least 1.60 
for allowable design gradients, and due to the acceptable preliminary gradients, the control 
structures are considered feasible for construction.  
 
The pump station’s proposed design bearing elevation is 439.3’ NGVD with the recommended 
12-inch gravel base taken into account.  This would require the foundation excavations to 
penetrate the aquifer, and in terms of seepage, would be considered a direct connection.  The 
methods outlined in TM 3-424 and TM 3-430 do not account for the direct connection case.  A 
detailed finite element underseepage analysis could be performed after a final design and 
structural loads for the pump station are available, in order to determine the most suitable 
underseepage control methods; prior to the completion of a final design for the pump station, 
finite element analysis is beyond the scope of this report.  Further exploration is recommended in 
the general vicinity of the pump station in an effort to identify an area with sufficient fine-
grained blanket thickness such that permanent underseepage controls would not be necessary.  
This would likely be a more cost-effective alternative than the design and construction of 
permanent underseepage controls.   
 
The proposed footprint for the pump station could be moved further from the Mississippi River 
to a location where foundation excavations would not penetrate the aquifer, and the channel 
invert could be run underground through the near surface clay soils, under or through the existing 
embankment at the proposed site.  This would also reduce the risk of undermining the fine-
grained blanket soils in the base of the proposed pump station channel.   
 
Another option which could result in decreased project costs for granular fill materials would be 
overexcavation and stockpiling of the sands underlying the pump station for use as sheetpile and 
retaining wall backfill.  The excavation can be backfilled with the on-site clay borrow materials 
to a depth sufficient to counteract excessive seepage gradients.  The excavation work would need 
to be completed at low river levels, and likely would require braced/shored excavations as well 
as temporary underseepage controls.  The necessary backfill clay layer thickness to resist the 
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uplift forces due to seepage could be determined by finite element analysis with more detailed 
structural load and layout information.   
 
Some consideration could also be given to founding the pump station on the riverside of the 
existing levee, although additional serviceability and maintenance concerns should be realized 
for this alternative. 
 

B.  MDC/COE Proposed Alignments.  Underseepage analysis was performed at each of the 
boring locations along the proposed Missouri Department of Conservation (MDC) and U.S. 
Army Corps of Engineers (COE) levee alignments.  The MDC-1 alignment consisted of borings 
MDC-1A-09, MDC-1B-09, and MDC-1C.  Predicted gradients for the MDC-1 alignment ranged 
from 0.08-0.11, with factors of safety ranging from 8.17-11.94.  The MDC-2 alignment consisted 
of borings MDC-2A-09, MDC-2B-09, and GW-3.  Predicted gradients for the MDC-2 alignment 
ranged from 0.10-0.17, with factors of safety ranging from 5.37-8.90.  The COE-1 alignment 
consisted of borings COE-1A-09, COE-1B-09, and COE-1C.  Predicted gradients for the COE-1 
alignment ranged from 0.11-0.15, with factors of safety ranging from 6.47-8.30.  The COE-2 
alignment consisted of borings COE-2A-09, COE-2B-09, and MDC-2A-09.  Predicted gradients 
for the COE-2 alignment ranged from 0.12-0.16, with factors of safety ranging from 5.50-6.66. 

 
The preliminary underseepage analysis indicates all proposed alignments to exhibit acceptable 
factors of safety.  The MDC-1 alignment exhibited higher factors of safety than the COE-1 
alignment, and the MDC-2 alignment exhibited higher factors of safety than the COE-2 
alignment.  In terms of underseepage potential, it is recommended that the MDC alignments be 
elected over the COE alignments due to improved factors of safety at the boring locations.  
Further exploration at a maximum spacing of 600-700 feet between borings along the proposed 
alignments is recommended in order to perform a more detailed underseepage analysis.  Due to 
the proposed height of the embankments, a detailed settlement analysis should also be performed 
for the proposed embankments following further exploration so that predicted settlements are 
accounted for in the embankment overbuild. 

 
C.  Interior Berm Alignments.  Underseepage analysis was performed at each of the boring 
locations (BRM-1-09, BRM-2-09, and SLU-2C-09) along the alignment of the proposed interior 
berms.  Predicted gradients for the berms ranged from 0.04-0.06, and factors of safety computed 
ranged from 17.40-24.34.  The preliminary underseepage analysis indicated acceptable factors of 
safety for the proposed berms, and the berms are considered feasible for construction based on 
the preliminary analysis. Further exploration at a maximum spacing of 600-700 feet between 
borings along the proposed alignments is recommended in order to perform a more detailed 
underseepage analysis. 

 
D. Pump Station Channel South Embankment. Underseepage analysis was performed at each 
of the boring locations (SLU-2A-09, SLU-2B-09, and SLU-2C-09) along the alignment of the 
south embankment for the proposed pump station channel. Predicted gradients for the 
embankments ranged from 0.04-0.05, and factors of safety computed ranged from 18.52-24.34. 
The preliminary underseepage analysis indicated acceptable factors of safety for the proposed 
embankments, and the embankments are considered feasible for construction based on the 
preliminary analysis. Further exploration at a maximum spacing of 600-700 feet between borings 
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along the proposed alignments is recommended in order to perform a more detailed 
underseepage analysis.  
 
It is important to note that the case for the analysis discussed above takes into account the 
landside gradients at the dry side of the proposed embankments to construct the canal; for this 
case, the gradients are computed for headwater at the top of the canal embankments at elevation 
455.5’ NGVD, and anticipated differential heads less than 5 feet. The case discussed in the next 
paragraph considers the differential head for the scenario of the Mississippi River at the top of 
the existing levee (approximate elevation 463’ NGVD), and predominant landside ground 
surface elevation and tailwater at the bottom of the proposed canal (elevation 444.5’ NGVD); 
differential heads at the base of the canal adjacent to the Mississippi River could approach 20 
feet or more, depending on the exact elevation of the existing levee crown. 
 
If the Mississippi River rises to the top of the existing levee, excessive gradients in the proposed 
pump station channel bottom could result if the ditch is empty.  A preliminary underseepage 
analysis for this scenario was completed, and confirmed that the water in the channel could 
provide a sufficient surcharge to counteract exit gradients at the base of the ditch, even at high 
river stages. The water elevation in the proposed channel will reportedly not decrease below 
elevation 450’ NGVD following construction, and at river elevation 458’ NGVD, the gradients 
at the base of the proposed pump station channel will be just above critical gradients, resulting in 
a factor of safety of 1.63 with tailwater in the channel at elevation 450’ NGVD.  If river levels 
are projected to rise above elevation 458’ NGVD, the pump station channel should be pumped 
full to the top of the proposed embankments at elevation 455.5’ NGVD.  Filling the channel to 
capacity will result in factors of safety no less than 1.74.  The tailwater in the pump station 
channel will provide a sufficient surcharge to resist the uplift forces applied in the base of the 
channel due to headwater at the top of the Mississippi River levee.  Until the river rises above 
elevation 458’ NGVD, the tailwater in the pump station channel can be maintained at a minimum 
elevation of 450’ NGVD; when the river rises above elevation 458’ NGVD, the channel should 
be pumped full to elevation 455.5’ NGVD.  Excavation of the proposed channel will require 
temporary underseepage controls when the Mississippi River rises above elevation 452’ NGVD.  
Additional exploration is recommended along the north embankment alignment of the proposed 
pump station channel to verify that sufficient thickness in the fine-grained blanket soils are 
present throughout the channel subgrade. 
 

E.  Overwater Borings.  Underseepage analysis was not performed for the overwater 
borings, as no significant differential head is expected.  The water levels in Horseshoe Lake will 
provide a sufficient surcharge to counteract any applied uplift forces due to natural groundwater 
levels in the vicinity of Horseshoe Lake. 
 
 
13.  EMBANKMENT CONSTRUCTION CONSIDERATIONS 
 
The proposed embankments for the Horseshoe Lake levee alignments, pump station channel, and 
the interior berms generally indicated acceptable laboratory unconfined compressive strengths in 
the proposed embankment subgrades.  These test results are indicated on the boring profiles 
attached in the appendix.  The unconfined compressive strengths obtained from samples in the 
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Horseshoe Lake embankment borings exhibited the greatest strengths, and should provide a 
suitable foundation for the embankments to a design net levee grade of 463’ NGVD, provided 
the embankments are constructed with side slopes no steeper than 3H:1V.  While occasional soft 
clay deposits were disclosed by samples representing the subgrade conditions in the proposed 
pump station channel and proposed interior berm alignment borings, net levee grade is lower, 
and so are the applied surcharges as a result.  The subgrade should provide a suitable foundation 
for the proposed embankments, provided these embankments are also constructed with side 
slopes no steeper than 3H:1V. 
 
Prior to placement of any grade-raise fill, all vegetation should be stripped from the surface of 
the proposed embankment alignments to a minimum depth of 6 inches, and should be either 
disposed of off-site or stockpiled for reuse as turfing material following grading activities.  Prior 
to fill placement for new embankment construction, the newly stripped foundation soils should 
be verified to be stable under the applied loads of construction traffic.  Any areas that exhibit 
excessive rutting or pumping should be overexcavated of soft or disturbed materials, and the 
spoils should be moisture conditioned and recompacted to at least 90% of the material’s standard 
Proctor density (ASTM D698) within the range of optimum moisture -2% to +4%.   
 
Fill soils should be placed in maximum 8 inch loose lifts and compacted with a sheepsfoot roller.  
The sheep feet shall be 7 to 9 inches in clear projection from the cylindrical surface of the roller 
and shall have a face area of not less than 5 nor more than 10 square inches.  The weight of the 
roller when fully loaded shall not be less than 4,000 pounds per linear foot of drum length and 
when empty shall not be more than 2,500 pounds per foot of drum length.  All new embankment 
fill should be placed and compacted to at least 90% of the material’s standard Proctor density 
(ASTM D698) within the range of optimum moisture -2% to +4%. 
 
After embankments have been constructed to finished grades, the slopes and crowns should be 
seeded and turfed.  If the spoils from stripping surface vegetation are stockpiled, they may be 
incorporated into the upper 6 inches of embankment fill to aid in returfing.  It is permissible for 
the spoils to be tracked for compaction by an acceptable crawler-type tractor, with no 
compaction requirement for the upper 6 inches of turfing fill. Turfing is the only vegetation 
permitted on the embankments (as an erosion control measure), and following construction, the 
minimum vegetation-free zone indicated in Figure 15 must be maintained to ensure the integrity 
of the levees. Minimum vegetation-free zones are discussed in greater detail in ETL-1110-2-571, 
and the embankments must be maintained in compliance with these recommendations. 
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Figure 1.  Proposed site features plan. 
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Figure 2.  Site location plan.
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Figure 3.  Boring location plan. 
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Figure 4.  Profile for proposed COE-1 levee alignment. 
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Figure 5.  Profile for proposed MDC-1 levee alignment. 
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Figure 6.  Profile for proposed COE-2 levee alignment. 
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Figure 7.  Profile for proposed MDC-2 levee alignment. 
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Figure 8.  Profile for proposed structures NS-1 and NS-2. 
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Figure 9.  Profile for proposed structure HL-1. 

G-24



 
Figure 10.  Profile for proposed structures SR-1 and DS-1. 
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Figure 11.  Profile for proposed pump station. 
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Figure 12.  Profile for proposed pump station channel. 
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Figure 13.  Profile for proposed interior berm alignment. 
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Figure 14.  Profile for proposed deep excavations in Horseshoe Lake. 
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MEMORANDUM 

 
COMPLETED BY:  Seth Weidner 
 
DATE:  22 September 2009 
 
RE:  Borrow site investigation for Ted Shanks Conservation Area, Pike County, Missouri. 
 
Ted Shanks Conservation Area 
On 30 June and 1 July 2009, an interdisciplinary Corps Team consisting of Lara Anderson, 
Steele Beller, John Osterhage, Kory Hannah, Amanda Oliver, Rob Gramke, Seth Weidner, 
Heather Battiste-Alleyne, Ray Kopsky, and Jaynie Doerr, made a site visit to Ted Shanks 
Conservation Area.  T. Miller of HDR Inc, Mike Flaspohler of Missouri Department of 
Conservation (MDC), and Ryan Kelley of MDC also accompanied the Corps team on this site 
visit.  The purpose of the site visit was to evaluate borrow areas based on the requirements of all 
offices involved and get an understanding of the overall project.  
 
Borrow Sites Inspection: 
Prior to this site visit, MDC and Corps personnel identified nine potential borrow sites.  These 
nine sites were evaluated for Geotechnical compliance during this visit and subsequent visits by 
Seth Weidner.  The borrow area locations can be found in the plans titled, Ted Shanks 
Conservation Area Overall Site Improvements, Plate C-1A. 
 
The property containing Ted Shanks CA has two owners; MDC owns part and the Corps owns 
the remainder.  The property line is shown on Plate C-1A as noted above.  All of the proposed 
improvements are on land owned by the Corps with one exception; Borrow Area #1 is on MDC 
owned land.  Borrow Area #1 is an alternate borrow area and will only be used if other borrow 
areas do not provide sufficient material to complete the project.  
 
There are a couple of general restrictions that must be placed on these borrow areas.  One 
restriction is a maximum excavation depth of 18”.  The second restriction is that no borrow shall 
be taken within 200 ft of the toe of a levee providing flood protection from the Salt or 
Mississippi Rivers.  These restrictions may be superseded by the requirements to construct a 
designed feature. 
 
Detailed Borrow Area Summary: 
Borrow Area #1: This borrow area is L-shaped and is located on MDC owned land.  Borrow 
Area #1 is a secondary borrow area to be used after other borrow areas are exhausted.  If used for 
borrow, the top six inches of material must be removed and stockpiled.  This six inches is topsoil 
which MDC would like to preserve for future use.  Then a maximum of twelve inches of material 
may be removed for use as borrow material.  The stockpiled material must then be returned to 
the borrow area.  During the site evaluation, three soil probes were taken across this borrow area.  
These probes were pushed to a depth of three feet.  The soils encountered were low and high 
plastic clays.  These soils are geotechnically suitable for levee construction.  Borrow Area #1 is 
approved for use. 
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Borrow Area #2: This borrow area is an irregularly shaped area of relatively higher ground on 
the inside of the bend in Horseshoe Lake.  Two soil probes were taken in this borrow area to a 
depth of three feet.  The soils encountered were low and high plastic clays.  These soils are 
geotechnically suitable for levee construction.  Borrow Area #2 is approved for use. 
 
 
Borrow Area #3: This borrow area is an irregularly shaped area immediately North of the 
intersection of 3-mile ditch and the proposed ditch connecting 3-mile ditch to the proposed new 
pump station.  One soil probe was taken in this borrow area to a depth of four feet.  The soils 
encountered were high plastic clays.  These soils are geotechnically suitable for levee 
construction.  Borrow Area #3 is approved for use. 
 
Borrow Area #4:  This borrow area is an irregularly shaped area immediately West of the 
intersection of 3-mile ditch and the proposed ditch connecting 3-mile ditch to the proposed new 
pump station.  A soil boring named SLU-2C-09 was drilled 18 August, 2009 in Borrow Area #4.  
The boring log, supported by Corps soils lab testing, identifies clays to a minimum depth of 
seven feet below ground surface.  The soils encountered were low and high plastic clays.  These 
soils are geotechnically suitable for levee construction.  Borrow Area #4 is approved for use. 
 
Borrow Area #5:  This borrow area is irregularly shaped area SW of the South end of Horseshoe 
Lake.  This area is located between the two proposed Northern setbacks and extends to the West 
of the Corps proposed setback.  This borrow area must be reshaped to meet the above borrow 
restrictions based on the final setback construction decision.  This borrow area was very difficult 
to access and was analyzed based on a nearby soil boring.  At the time of the site visit there was 
standing water between the levee and the borrow area.  There was no Soil boring COE-2B-09 is 
located on the existing levee crown at the southern end of the Corps proposed northern setback.  
This soil boring is immediately adjacent to Borrow Area #5.  The boring log, supported by Corps 
soils lab testing, identifies  low plastic clays to a minimum depth of thirteen feet below ground 
surface in the borrow area. There is a thin layer of silt within this thirteen foot depth but it is well 
below the depth of borrow.  The soils within the borrow depth are geotechnically suitable for 
levee construction.  Borrow Area #5 is approved for use. 
 
Borrow Area #6:  This borrow area is designed to connect Horseshoe Lake to the proposed new 
water control structure HL1.  Borrow Area #6 is located at the southern tip of Horseshoe Lake. 
During the team site visit a soil probe was taken near the center of this borrow area. Based on the 
2007 topographic work, this surface elevation is estimated at 450 ft.  The soil probe was taken to 
a depth of three feet and contained low to high plastic clays.  Soil boring GW-3-09 was taken 
through the centerline of the levee for the foundation design of proposed structure HL1.  The 
boring log, supported by Corps soils lab testing, identifies clays to an estimated elevation of 430 
ft.  The soils encountered above estimated elevation 430 ft were low plastic clays.  These soils 
are geotechnically suitable for levee construction.  Borrow Area #6 is approved for use. 
 
Note: At the time of this site visit, flow line elevations of the proposed water control structures 
have not been finalized.  Mississippi River water levels at Ted Shanks Conservation area are 
controlled by the pool elevation at Lock and Dam 24. In the vicinity of the proposed exterior 
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water control structures, the normal pool elevation is approximately 448.8 ft. Based on this 
normal water level, no structure should have a flow line below elevation 448.8 ft.   
 
Borrow Area #7:  This borrow area is located near the center of the project area. This borrow 
area is West of 3-mile ditch and South of the intersection of 3-mile ditch and the proposed ditch 
connecting 3-mile ditch to the proposed new pump station.  There is a proposed interior water 
control berm along the West edge of Borrow Area #7.  Soil boring BRM-2-09 was drilled along 
the west edge of this borrow area.  This soil boring shows low plastic clays to seven feet below 
the surface of the borrow area.  These soils are geotechnically suitable for levee construction.  
Borrow Area #7 is approved for use. 
 
Borrow Area #8: This borrow area is irregularly shaped and is located west of the southern Corps 
proposed setback.  Standing water and tall, thick underbrush prevented access to this borrow area 
during the site visit.  MDC planned to clear a path for drillers access in the area but the weather 
and wet site conditions prevented this effort at the time of the site visits.   
 
Soil boring COE-1C-07 (drilled 20 Feb, 2008) is the closest location where soil samples were 
obtained.  This boring is approx. 300 ft from the southern tip of Borrow Area #8.  Boring COE-
1C-07 was drilled on the crown of the levee.  Based on the 2007 topographic work, this boring 
was drilled at an estimated elevation 460 – 462 ft. The estimated surface elevation at Borrow 
Area #8 is 450 – 451 ft.  The boring log for COE-1C-07, supported by Corps soils lab testing, 
identifies clays from the surface to an estimated depth of 19 ft near this borrow area.  The soils 
encountered above estimated elevation 432 ft were low plastic clays.  These soils are 
geotechnically suitable for levee construction.  Borrow Area #8 is conditionally approved for 
use.  Further investigation of this borrow area is needed prior to use of Borrow Area #8.  If the 
south Corps setback is built, the borrow restrictions noted at the top of this memo must be 
enforced.  
 
Borrow Area #9:  This borrow area is an irregularly shaped area East of the intersection of 3-
mile ditch and the proposed ditch connecting 3-mile ditch to the proposed new pump station.  
This borrow area is relatively small compared to the other eight borrow areas.  One soil probe 
was taken in this borrow area.  The probe went four and a half feet deep and contained low to 
high plastic clays.  These soils are geotechnically suitable for levee construction.  Borrow Area 
#9 is approved for use. 
 
Conclusion:  All nine proposed borrow areas are approved for use.  It must be noted that these 
borrow areas were evaluated with minimal exploration.  Borrow areas must be monitored during 
construction to ensure that all borrowed soil is suitable for levee construction.  The perimeter of 
some borrow areas must be adjusted at the time of construction to ensure compliance with the 
borrow restrictions noted above. 
 
Seth Weidner 
 
Geologist 
Geotechnical Branch – St. Louis District 
U.S. Army Corps of Engineer
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Figure 15.  Generic levee cross-section indicating minimum limits of vegetation-free zone. 
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1.  INTRODUCTION 
This hydraulic analysis was conducted to determine the proposed water control structure 
dimensions, pumping capacity, and to analyze the performance of these features during historic 
floods.  The project area consists of the southern portion of the Ted Shanks Conservation Area 
(TSCA).  The area analyzed is larger than the project area, containing all of two management 
units – Nose Slough and Horseshoe (FIGURE 1).  The entirety of Nose Slough Unit was 
included in this analysis because it drains through the project area.  This analysis also considered 
an area in the Horseshoe Unit that is isolated from the main part of the unit by a roadway that 
acts as a weir with a non-level crest.  Water flows into this unmanaged unit only after it has 
reached a certain elevation, affecting the hydraulics of the system.   
 
Currently the analysis area portion of Ted Shanks Conservation Area is surrounded by an 
exterior agricultural levee with a maximum elevation of approximately 465 ft. referenced to the 
National Geodetic Vertical Datum (NGVD).  (All elevations cited in this appendix are in units of 
feet and referenced to this datum.)  There are two management units: Nose Slough and 
Horseshoe.  There is an area of higher elevations that runs north south through the center of Nose 
Slough.  This area results in the need for the two 30 in. corrugated metal pipe (CMP) water 
control structures that drain water from Nose Slough into the Horseshoe Unit.   When the 
exterior levee was created a drainage ditch, Three Mile Ditch, was cut through the center of the 
Horseshoe Unit.  Water from Nose Slough and any water within the Horseshoe Unit drains to the 
exterior through one 42 in. CMP structure at the end of Three Mile Ditch.   
 
The analysis produced the tentatively selected plan which involves the division of the existing 
Horseshoe Unit into three major management units, Horseshoe Northwest (NW), Horseshoe 
Northeast (NE), and Horseshoe South (S).  To connect these units, three new internal 6 ft. 
diameter CMP structures (CN1, CW2, CS3) will be constructed at the juncture of the three units 
(FIG. 1).  To promote efficient drainage of the project area, three peripheral structures will be 
constructed.  Each structure will be a double barrel 8 ft. wide by 6 ft. high concrete box culvert.  
One peripheral structure will be constructed at the southern end of Horseshoe NW.  Another will 
be constructed at the southwest corner of Horseshoe S and the third will replace the 42 in. CMP 
structure at the end of Three Mile Ditch in Horseshoe S.  The two structures which drain Nose 
Slough into the Horseshoe Unit will be replaced with larger 4 ft. by 4 ft. concrete box culvert 
structures (TABLE 1).  The following paragraphs detail the hydraulic analysis simulations which 
were conducted to produce the design of the tentatively selected plan.   

 
2.  HISTORIC FLOODS 
The levee around TSCA was constructed with the formation of the Riverlands Levee District in 
the 1920s.  The recent historic gage records indicate that floods exceeded and thus overtopped 
the TSCA levees four times.  These four floods occurred in 1973, 1993, 2001, and 2008.  They 
are the largest events on the Mississippi River in the vicinity of the conservation area in recent 
years.  Hydrographs of these floods and the time period that flood waters exceeded the levee 
height at Ted Shanks Conservation Area are given in FIGURES 2 - 5, respectively.  In all four of 
these figures, hydrographs are plotted for the nearest upstream and downstream gage: Mundys 
Landing and Louisiana gages respectively.  The levee overtopping elevation is considered to be 
the low point along of the profile of the Mississippi River levee within the project area.  
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TABLE 1.  Components of the tentatively selected plan water control structures. 

a Flow direction may change depending on if the area is being flooded or drained        
b Elevation is measured in feet.  The vertical datum is NGVD 1929        
c DS1 is currently a 42 in. CMP with an invert of 449.2.  NS1 and NS2 are 30 in. CMP with inverts of 449.8.       
d Channel elevation is at 444.5 need to slope down to pump station and up to water control structure 
 
 

  Structure (predominant flow direction from first 
name to seconda) Code  Quantity & 

Dimension (ft.) 
Fish 

Friendly 
 Invert 

Elevationb 
Levee/berm 
Elevationb 

Slide Gate 
Elev. Rangeb 

Exterior ag 
levee 

Horseshoe S to Deadman’s Slough DS 1 Two 8W x 6H Yes 448.5c 463 No slide gate 
Horseshoe S to Salt River SR 1 Two 8W x 6H Yes 448.5 462 TBD 
Horseshoe NW to Salt River Oxbow HL 1 Two 8W x 6H No 450.0 463 TBD 

Internal berm 
replace 

Nose Slough to Horseshoe NW (W struct.) NS 1 One 4 x 4 No 450.1c 457 453-456 
Nose Slough to Horseshoe NW (E struct.) NS 2 One 4 x 4 No 450.1c 458 453-456 

  Structure (flow direction will vary) Code Quantity & 
Dimensionb 

Fish 
Friendly 

 Invert 
Elevationb 

Levee 
Elevationb 

Slide Gate 
Elev. Rangeb 

Internal berm  
new 

Pump Station Channel to Horseshoe NE CN 1 Three 6 CMP Standard 449.2 455.5 No slide gate 
Pump Station Channel to Horseshoe NW  CW 2 Two 6 CMP No 449.2 455.5 No slide gate 
Pump Station Channel to Horseshoe S CS 3 Three 6 CMP Standard 449.2 455.5 No slide gate 
Pump Station (Electric/Diesel) PS 1 N/A N/A 444d 464 N/A 
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FIGURE 1.  Proposed configuration of hydraulic management units and proposed water control structure locations 
(black circles in both the main figure and inset indicate proposed water control structures and pump station).   
        

 
FIGURE 2.  Hydrographs of Mississippi River Flood of 1973 and Ted Shanks Levee Overtopping Timeframe 
(between vertical black lines on graph). 
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FIGURE 3.  Hydrographs of Mississippi River Flood of 1993 and Ted Shanks Levee Overtopping Timeframe 
(between vertical black lines on graph). 
 

 
FIGURE 4.  Hydrographs of Mississippi River Flood of 2001 and Ted Shanks Levee Overtopping Timeframe 
(between vertical black lines on graph). 
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FIGURE 5.  Hydrographs of Mississippi River Flood of 2008 and Ted Shanks Levee Overtopping Timeframe 
(between vertical black lines on graph). 
 
3.  PROPOSED MANAGEMENT UNITS 
During the collaborative design process between the Missouri Department of Conservation 
(MDC) and the U.S. Army Corps of Engineers (USACE) St. Louis District (MVS), the proposed 
configuration of the hydraulic management units was developed.  The proposed future 
configuration involves dividing the Horseshoe Unit into three subunits: Horseshoe NW, 
Horseshoe NE and Horseshoe S (FIG. 1).  This configuration reflects the desire to be able to 
manage water levels for the different habitats that occur within the Horseshoe Unit.   

 
One additional unit will be formed with the creation of the three Horseshoe units.  The Pump 
Station Channel Unit, lies between the southern boundary of Horseshoe NE and the northern 
boundary of Horseshoe S.  The proposed pump station will lie at the eastern end of the Pump 
Station Channel Unit and will move water between the channel and the Mississippi River.  The 
hydraulic characteristics of all of these units were taken into account in the hydraulic analysis. 

 
4.  PROPOSED WATER CONTROL STRUCTURES 
Eight proposed water control structures (five internal and three peripheral) will connect the 
management units to each other and adjacent bodies of water (FIG. 1).  The locations of five of 
the proposed structures (two internal and three peripheral) are shown as short black lines on 
FIGURE 1.  The locations of the remaining three proposed internal structures are shown as short 
black lines in the inset (FIG. 1).  This configuration meets water management objectives to:  
move water throughout the project area, independently manage units, efficiently back-flood the 
project area in the event of a significant flood, and efficiently evacuate flood water. 
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5.  DESIRED WATER CONTROL PLAN 
During the design process, the project delivery team (PDT) developed the desired future water 
control plan for the project area.  Observations from the Great Mississippi River Flood of 1993, 
existing habitats, future management goals, and prior management observations influenced the 
development of the desired water control plan for the project area.  It consists of the following: 
 
* After a flood event, drain all management units from 455.5 to 450.0 within 10 days or less. 
For water-surface elevations above 455.5, the management units are connected.  Below this 
elevation, the management units are fully compartmentalized (distinguishable as separate storage 
areas).   
 
* Nose Slough Unit would be drained through the Horseshoe NW Unit. 
 
* Subunit operating pool elevations would be:  Horseshoe NW Unit - 454.5, Horseshoe NE Unit 
- 454.0, Horseshoe S Unit - 453.5. 
 
* When intentionally inundating the management units by pumping, fill all units to their 
respective operating pool elevations within 25 days. 
 
* All water control structures connecting to Horseshoe NW Unit should be “non fish friendly”.  
The two peripheral structures connecting Horseshoe S Unit to the Salt River and to Deadman’s 
Slough, respectively, should be “fish friendly.” 
 
6.  HYDRAULIC ANALYSIS 
To analyze the hydraulics of the proposed management areas and water control structures, an 
unsteady flow mathematical model of the project area was developed with the USACE 
Hydrologic Engineering Center River Analysis System (HEC-RAS).  Elevation data for the 
project vicinity were used in ArcView GIS with the USACE HEC-GeoRAS toolbar to calculate 
elevation-storage data for the management units (FIG. 6).  The total storage within all six 
management units at water-surface elevation 460.0 is approximately 23,580 acre-feet.  Elevation-
storage data were then written to the mathematical model developed with HEC-RAS for use in 
its calculations.  Simulations were performed to determine water control structure dimensions, 
the draining and back-flooding duration with the optimized water control structures during 
historic floods, and the pumping duration required to meet water level targets.  Throughout the 
entire hydraulic analysis, it was assumed that the levee surrounding the project area remained 
intact and were not breached.  Therefore, when post-flood gravity drainage was simulated, water 
left the conservation area only through the proposed structures and not through a levee breach. 

 
When the hydraulic analysis began, the construction of two setback levees along the Salt River 
was proposed.  The Salt River lies adjacent to the southwestern portion of the conservation area.  
These proposed setback levees reduce the size of both Horseshoe NW and Horseshoe S Units.   
Since it was unknown whether the proposed setback levees would be economically justified, the 
decision was made to perform the unsteady flow hydraulic analysis assuming that no setback 
levees would be constructed.  This approach was a conservative one.  No setback levees would 
increase the management size for both Horseshoe NW and Horseshoe S Units, resulting in larger 
volumes of water to remove or deliver. 

H-6



 
FIGURE 6.  Elevation storage data for the four largest units. 
 
By the time the hydraulic analysis reached the calculation of the proposed pump station capacity, 
the preliminary economic analysis indicated that the proposed setback levees along the Salt 
River were economically justified.  Therefore, the pump station capacity was calculated 
assuming that setback levees would be constructed. 
 
7.  DETERMINATION OF PUMP STATION CAPACITY 
The proposed pump station lies at the eastern end of the Pump Station Channel Unit between the 
proposed Horseshoe NE and Horseshoe S Units at approximately Mississippi River mile 287.6.  
MDC currently fills all of TSCA with the two existing pump stations.  Their future management 
plan would be to fill the proposed Horseshoe Units with the proposed pump station (FIG. 1).  
Therefore this analysis assumed that the Nose Slough Unit would be filled to its operating pool 
elevation by one of the two existing pump stations while the Horseshoe Units would be filled by 
the proposed pump station.  For future management, target water elevations of 454.5 for 
Horseshoe NW, 454.0 for Horseshoe NE, and 453.5 for Horseshoe S should be reached in 25 
days.  The target pumping duration to reach designated water levels will flood the area’s food 
plots providing food for migrating birds while reducing stress on trees.   
 
The pump station was sized assuming that setback levees would be constructed as discussed 
previously.  About 4,420 acre-feet of water is required to achieve target water elevations in all 
three units, assuming no water loss.  With 25 days to meet target water levels, the required 
pumping rate was calculated as: 
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required pumping rate = (4,420 acre-feet/25 days) (43,560 square feet/acre) (1 day/86,400 

seconds) = 89.1 feet3/second 
 
Thus, the required pumping rate with no water loss is about 90 feet3/second (about 40,400 
gallons per minute, gpm).  Differing information was gathered regarding the amount of water 
loss that would occur during pumping.  During the scoping meeting with MDC on 29-30 May 
2007, MDC stated that more water would need to be pumped than the amount the elevation-
storage data for the units would indicate.  However, MDC felt that this amount was not 
substantial.  To aide with water control structure design, the PDT toured various Illinois 
Department of Natural Resources (IDNR) moist soil management areas to view their water 
control structures on 30 July 2007.  During the IDNR field trip, IDNR stated that roughly twice 
as much water would need to be pumped as the amount indicated by the elevation storage data. 
 
Both infiltration and evaporation could result in water loss with their severity determine by 
antecedent soil moisture, humidity, wind, and cloud cover.  Infiltration could be substantial with 
extremely dry soil and lack of significant recent rainfall.  Evaporation could be substantial with 
strong wind and lack of clouds.  The pumping rate was re-evaluated to account for water loss.  
Based on MDCs estimates, IDNRs estimates and engineering judgment, a design pumping rate 
of about 1.5 times the elevation-storage data quantity was selected 60,000 gpm. 
 
8.  REASONABLE MINIMUM MISSISSIPPI WATER SURFACE AT THE PUMP 
STATION 
The lowest Mississippi River water-surface elevation that is reasonably expected to occur at the 
proposed pumping station location was determined to aid engineers in setting the elevation for 
the proposed pump station intake pipes.  This determination was made assuming that Lock & 
Dam No. 24 will be fully operational, and the nine-foot navigation depth will maintained with 
the Dam’s tainter gates. 
 
Two different approaches were used.  The first approach involved examining Mississippi River 
water-surface profiles from 2007 in the vicinity of the proposed pumping station when Pool No. 
24 was being maintained.  The second approach involved examining Mississippi River elevation 
duration data from 1941-2006 in the vicinity of the proposed pumping station.  This analysis 
began in 1941 because maximum regulated pool (449.0 ft.) was first reached at Lock & Dam No. 
24 on 14 May 1940.  Thus, the first full year of maximum regulated pool operation was 1941. 
 
To analyze water-surface profiles during 2007, the water-surface elevations at the Mundys 
Landing and Louisiana gages were plotted for each of nine non-consecutive days (FIG. 7).  The 
nine days included days which the water-surface elevation at Dam No. 24 was at or near 
maximum regulated pool (449.00 ft.), near minimum regulated pool (445.50 ft.) and about 
midway between maximum and minimum regulated pool (447.25 ft.).  Thus, the full range of 
regulated pool elevations was examined to determine the minimum water-surface elevation that 
occurred in the vicinity of the proposed pumping station.  This approach indicated that the 
minimum water-surface elevation was about 449.4 ft.  This elevation occurred on 26 January 
2007 when the water-surface elevation at Dam No. 24 was at maximum regulated pool. 
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Mississippi River duration data in the vicinity of the proposed pumping station for the period 
1941-2006 are shown in FIGURE 8.  Duration data for the river gages at both Mundys Landing 
and Louisiana were plotted for seven different percentages, and a straight line was drawn 
between these points for each individual percentage.  The percentages chosen were 99, 90, 80, 
70, 60, 50 and 40 percent.  Thus, a large range of duration data was examined to determine a 
reasonable design water-surface elevation for pumping water into the management units.  The 
water-surface elevations in the vicinity of the proposed pumping station for the 90, 80 and 70 
percent durations are about 448.7, 449.0 and 449.3 ft., respectively. 
  
Based upon the data given in FIGURES 7 and 8 and upon engineering judgment, a reasonable 
minimum water-surface elevation in the vicinity of the pump station of 449.0 ft. was chosen.  
This elevation is slightly below the lowest water-surface elevation that occurred in the vicinity of 
the proposed pumping station for the events examined in FIGURE 7.  Also, this elevation 
corresponds to a duration value of slightly over 80 percent. 

 
FIGURE 7.  Mississippi River water-surface profiles in vicinity of proposed pumping station during 2007. 
 
9.  DETERMINATION OF PUMP STATION CHANNEL SIZE 
The hydraulic design capability of HEC-RAS was used to recommend dimensions for the 
proposed pump station channel to ensure that all water would be retained in the channel with 
freeboard when the pump station was pumping at full capacity (60,000 gpm, 135 feet3/second).  
The proposed channel is between Horseshoe NE and Horseshoe S Units.  The channel will 
primarily deliver water from the pump station to Horseshoe NW, NE and S Units through three 
proposed interior water control structures (FIG. 1) but was also designed to move water out of 
the units to the Mississippi River. 
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FIGURE 8.  Mississippi River duration data in vicinity of proposed pumping station for 1941-2006. 
 
Uniform flow calculations were performed within HEC-RAS for 12 potential trapezoidal cross 
sections.  Side slopes of 1.0 vertical to 3.0 horizontal were assumed for all cross sections.  A 
Mannings n value of 0.12 was used to account for the possibility of heavy vegetation within the 
channel.  Because flow may be bi-directional, a very flat slope of 0.0001 foot per foot was used 
for the channel bottom.  Bottom widths ranging from 10-50 ft. and vertical depths from 3 - 10 ft. 
were tested.   
 
A trapezoidal channel with a bottom width of 50 ft. and a vertical invert-to-top-of-slope 
dimension of seven feet yielded slightly over one foot of freeboard for the design pump station 
capacity.  These channel parameters were adopted.   
 
10.  OPTIMIZING PROPOSED WATER CONTROL STRUCTURE SIZE 
The hydraulic conditions of both the Mississippi and Salt rivers are very influential upon gravity 
drainage of the conservation area.  Thus, the recession-side hydrograph for a historical flood 
event was simulated and served as the basis for sizing of the structures.  During a flood event in 
the vicinity of the conservation area, the Mississippi River tends to be the dominant water body 
with the greatest influence upon water levels.  The recession-side hydrograph for a minor 
Mississippi River flood during 1974 was selected for simulation.  This flood followed the larger 
Mississippi River Flood of 1973, and provided a representative gradual recession of the 
Mississippi River in the vicinity of the conservation area. 

 
Determining the preliminary dimensions for the eight proposed water control structures involved 
an iterative process (EXHIBIT 1).  Prior to developing and using the HEC-RAS model of the 
project area, a simplified depiction of the project area was developed with the USACE 
Hydrologic Engineering Center Hydrologic Modeling System (HEC-HMS).  The HEC-HMS 
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model did not simulate unsteady flow, account for backwater effects or account for the internal 
water control structures.  The HEC-HMS model assumed level-pool routing and determined the 
time required to evacuate the storage within the project area for an assumed initial water-surface 
elevation and an assumed total free-outfall pipe opening.  This simulation constitutes Analysis 
Iteration 1 in EXHIBIT 1. 
 
The HEC-RAS model was then used for the remainder of the hydraulic analysis.  Based upon 
engineering judgment and results from Analysis Iteration 1, sizes and quantities of box culverts 
were assumed for the location of each proposed water control structure.  Box culverts were 
analyzed because they are more hydraulically efficient than round pipes.  The downstream 
boundary condition for the unsteady-flow simulations was the recession-side hydrograph for the 
minor Mississippi River flood during 1974 (FIG. 9).  The recession is shown at the two gaging 
stations closest to the conservation area, Mundys Landing, Missouri (upstream) and Louisiana, 
Missouri (downstream).  These hydrographs served as the basis for preliminary sizing of the 
structures.  Historical data for the Mississippi River gages at Mundys Landing and Louisiana 
(located upstream and downstream of the project area, respectively) were used to produce 
estimates of the recession-side hydrographs at the locations of the three peripheral proposed 
water control structures. 
 
The Salt River gage near New London was the furthest-downstream Salt River gage with data 
during 1974.  The New London gage is located 35.5 miles upstream of the mouth of the Salt 
River, and has a drainage area of about 2,480 square miles.  Hydraulic data for the New London 
gage during 1974 indicate that flow conditions prior to and during the Mississippi River 
recession were slightly above to below average.  Thus, the Mississippi River was the dominant 
water body and had the greatest influence upon water levels near the conservation area.   
 
The recession hydrographs for the locations of two of the proposed water control structures that 
will connect the conservation area to the Salt River oxbow and Deadman’s Slough (FIG. 9).  
These estimated recessions are based upon each structures location relative to Mississippi River 
mileage, and were calculated by linear interpolation from data for the Mundys Landing and 
Louisiana gages.  An estimate of the recession that would occur at the location of the structure 
that will connect the conservation area to the Salt River is not shown.  This recession is 
numerically very close to the recession of the structure that connects to Deadman’s Slough.  
These three recession estimates were used in the mathematical modeling for the hydraulic 
analysis as downstream boundary conditions.   
 
An important parameter for the hydraulic modeling is the invert elevation of all of the proposed 
water control structures.  The invert elevations used for the preliminary sizing of the proposed 
water control structures are given in TABLE 2.   
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FIGURE 9.  Recession hydrographs of Mississippi River following minor flood during 1974. 
 
TABLE 2.  Invert elevations used for preliminary sizing of proposed water control structures. 

Structure 
Location Code Bodies of Water Connected by 

Structure 
Invert Elevation 

(feet) 
internal NS1 Nose Slough Unit to Horseshoe NW Unit (west structure) 450.1 
internal NS2 Nose Slough Unit to Horseshoe NW Unit (east structure) 450.1 
internal CW2 Horseshoe NW Unit toPumping Station Channel Unit 450.0 
internal CN1 Horseshoe NE Unit toPumping Station Channel Unit 450.0 
internal CS3 Horseshoe S Unit to Pump Station Channel Unit 450.0 

peripheral HL1 Horseshoe NW Unit to Salt River Oxbow 450.0 
peripheral SR1 Horseshoe S Unit to Salt River 449.2 
peripheral DS1 Horseshoe S Unit to Deadman’s Slough 449.2 

 
The preliminary dimensions of the water control structures were optimized using a process that 
began with the downstream-most structures and proceeded to the upstream-most structures.  This 
process was done because hydraulic conditions on both the Mississippi and Salt rivers are very 
influential upon gravity drainage of the project area.  The optimization process involved twelve 
iterations where the size and quantity of box culverts were varied for a given structure or group 
of structures, and the time required to drain the management units was compared.  Analysis 
Iteration 4 in EXHIBIT 1 contains the initial estimates of size and quantity of box culverts.   
 
Simulation results throughout Analysis Iterations 4-15 indicated that, regardless of the size and 
quantity of box culverts for any proposed structure, it was not possible to gravity drain the 
management units to elevation 450.0 ft. within 10 days.  This result is directly related to the 
effect of the Mississippi River.  Simulations indicated the units could be drained to 451.0 ft. 
within 10-11 days and to 450.5 ft. within 13-16 days. 
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11.  PUMPING SIMULATION 
The HEC-RAS model was used to determine the time required to fill the Horseshoe management 
units to the target water levels using the pump station.  To fill the management units, water 
would flow from the pump station to the channel and through one of three interior 8 ft. x 6 ft. 
water control structures.  The 60,000 gpm pumping rate was used as the constant and continuous 
pumping rate for this simulation.  It was assumed that 60,000 gpm pumping began at the 
beginning and continued throughout the entire simulation.  It was also assumed that no water 
losses of any kind occurred.  Also, no attempt was made to stop water flow to either Horseshoe 
NE Unit or Horseshoe S Unit when each one attained its respective operating pool elevation 
(454.0 ft. for Horseshoe NE Unit, 453.5 ft. for Horseshoe S Unit).  The initial water-surface 
elevation of the management units was assumed to be 450.0 ft. and an essentially steady 
Mississippi River level was used (Analysis Iteration 26 EXHIBIT 2). 
 
The simulation shows that Horseshoe S Unit attained its operating pool elevation within 18 days, 
Horseshoe NE Unit within 22 days, and Horseshoe NW Unit within 26 days (Fig 10).  During 
field operations, the flow of water to both Horseshoe S Unit and Horseshoe NE Unit will be 
stopped when each one attains its respective operating pool elevation, which will hasten the 
filling of Horseshoe NW Unit.  Thus the 26 days required to fill Horseshoe NW Unit is an 
overestimate. 

 
FIGURE 10.  Time required for the pump station to fill the Horseshoe Units to target water elevations. 
 
12.  DRAINAGE SIMULATIONS 
After determining dimensions for the proposed water control structures, the hydraulic analysis 
continued with the simulation of numerous scenarios of water flow throughout the management 
units.  These simulations are summarized in EXHIBIT 2.  This additional analysis was 
undertaken to test the performance of the structures for historical Mississippi River flood events 
during 1973, 1993, 2001 and 2008.  A comparison of the recession-side hydrographs for these 
four events and the 1974 event at the proposed peripheral structure near Deadman’s Slough (the 
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eastern-most proposed structure), shows the variation in post-flood conditions near the 
conservation area (FIG. 11).  In FIGURE 11, the time interval between graduations on the x-axis 
is seven days.  The recessions and their effects upon gravity drainage with the optimized 
structures were evaluated when the water surface reached at or around elevation 455.0 ft.  An 
exterior water elevation below 455.5 ft. is required in order to drain water from the management 
units where the water surface is at 455.5 ft.   
 
The data in FIGURE 11 show that, when the water-surface elevation approached 455.0 ft., a 
relatively rapid recession to 450.0 ft. continued for three of the events (1974, 1993 and 2008).  
However in 1973 and 2001, protracted recessions to 450.0 ft. occurred.  These protracted 
recessions would have prevented gravity drainage of the management units within 10-15 days.  
Additionally, FIGURE 11 does not account for the length of time between flooding of the 
management units (levee overtopping, levee breaching or intentional inundation by back-
flooding) and the water-surface elevation within the units eventually falling to 455.5 ft.  Thus, 
there is a period of time before the beginning of the simulation where the area is flooded and 
drainage is not possible. 
 

 
FIGURE 11.  Recession-side hydrographs for Mississippi River flood events during 1973, 1974, 1993, 2001 and 
2008 at location of proposed peripheral structure near Deadman’s Slough (normalized to begin at same time on x-
axis; seven-day interval  between graduations on x-axis). 
 
The following is a discussion of the gravity drainage analysis results for each recession.   

 
The recession of the Great Flood of 1993 was relatively rapid once elevation 455.5 ft. was 
reached (FIG. 11).  The units were drained to 451.0 ft. within 10-11 days and to 450.5 ft. within 
13-15 days (Analysis Iteration 16 in EXHIBIT 2).  However, gravity drainage did not begin until 
the water surface fell to 455.5 ft.  The TSCA levee was overtopped on 1 July and floodwater did 
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not recede to 456 ft. until 2 October.  Thus, the water level in the interior of TSCA would have 
exceeded 450.5 ft. for more than 105 days. 
 
The recession of the 2008 flood was also relatively rapid (FIG. 11).  The units were drained to 
451.0 ft. within 10-11 days and to 450.5 ft. within 13-15 days (Analysis Iteration 17 in EXHIBIT 
2).  However, the Mississippi River overtopped the levee from June 16 to July 2, 2008 and 
drainage did not begin until July 31, 2008. 
 
The recession of the 2001 flood was a protracted recession (FIG. 11).  The units were drained to 
451.0 ft. within 32-33 days and to 450.5 ft. within 36-37 days (Analysis Iteration 18 in EXHIBIT 
2).  However, the Mississippi River overtopped the levee from May 16 to 19, 2001 and drainage 
did not begin until June 12, 2001. 
 
The recession of the 1973 flood was a protracted recession (FIG. 11).  The units were drained to 
451.0 ft. within 18-19 days and to 450.5 ft. within 27-28 days (Analysis Iteration 19 in EXHIBIT 
2).  However, the Mississippi River overtopped the levee from April 24 to 30, 1973 and drainage 
did not begin until June 12, 1973. 
 
The worst case scenario for draining the area was estimated to have occurred during the 2001 
recession (Analysis Iteration 18 in EXHIBIT 2).  Because the length of drainage time 
considerably exceeded water management targets, additional analyses were performed to 
determine whether these drainage durations could be reduced with simultaneous gravity drainage 
and pumping (Analysis Iteration 20 in EXHIBIT 2).  The design pumping rate for the proposed 
pumping station (60,000 gpm) was used.  It was assumed that pumping occurred for 20 days (15 
June-04 July 2001).  There was virtually no change in the drainage durations for simultaneous 
gravity drainage and pumping (Analysis Iteration 20) versus gravity drainage alone (Analysis 
Iteration 18). 
 
Because virtually no change was observed, the combined analysis of drainage and pumping was 
expanded.  Simulations were performed with increased pumping time, from 20 days to 30 days 
(15 June-14 July 2001) (FIG. 12 curve drawn with long dashes).  The pumping rate was 
quadrupled to 240,000 gpm and was maintained for 30 days (curve drawn with short dashes).  
FIGURE 12 also includes the analysis with gravity draining alone for comparison (curve drawn 
with solid line). 
 
Because the length of drainage time during the 1973 flood also exceeded water management 
targets, additional analyses were run to determine whether these drainage durations could be 
reduced with simultaneous gravity drainage and pumping (Analysis Iteration 21 in EXHIBIT 2).  
For this analysis, it was assumed that 60,000 gpm pumping occurred for nine days (15-23 June 
1973).  There was virtually no change in the drainage durations for simultaneous gravity 
drainage and pumping (Analysis Iteration 21) versus gravity drainage alone (Analysis Iteration 
19). 
 
Virtually no change was observed with pumping.  The analysis was expanded.  Simulations were 
performed with increased pumping time, from nine days to 14 days (15-29 June 1973) (FIG. 13, 
curve drawn with long dashes).  The pumping rate was quadrupled to 240,000 gpm and was 
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maintained for 14 days (curve drawn with short dashes).  FIGURE 13 also includes the analysis 
with gravity draining alone for comparison (curve drawn with solid line).  Increasing the 
pumping time by five days and/or quadrupling the pumping rate had little effect on drainage 
durations. 
 

 
FIGURE 12.  Expanded analysis of simultaneous gravity drainage and pumping for Mississippi River flood of 2001. 
 

 
FIGURE 13.  Expanded analysis of simultaneous gravity drainage and pumping for Mississippi River Flood of 
1973. 
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13.  INTENTIONAL INUNDATION BY BACK-FLOODING SIMULATIONS 
Intentional inundation would be performed prior to a flood event to prevent damage to levees 
and interior land from overtopping and scour.  For the back-flooding analyses, it was assumed 
that the three peripheral water control structures were initially closed and the interior water 
surface elevation in all units was 450.4 ft.  Once the exterior water elevation reached 456 ft., it 
was assumed that all three structures would be fully opened over a two-hour period.  The 
analyses determined the number of days required for water levels in the five managed units to 
reach target elevations of 453, 455, 457, and 460 ft.  Analyses were conducted for each of the 
major flood events: 1973, 1993, 2001, and 2008 (Analysis Iterations 22 - 25 in EXHIBIT 2, 
FIGS. 14 and 15).  The Mississippi River ascension-side hydrographs from these four floods 
were used in the back-flooding simulations.  The figures below illustrate the change in interior 
water levels in four of the management units.  The pump station channel is excluded because its 
water level changes are very close to Horseshoe S Unit.  Water surface levels for Deadman’s 
Slough, just over one-half mile downstream of the proposed water control structure, are included 
to show exterior water levels.     

 
For all four floods, duration to back-flood to 453 and 455 is similar (1 - 4 days).  Horseshoe NE 
and Nose Slough are not connected to the river.  Water enters Horseshoe NE through a structure 
connected to the Pump Station Channel Unit.  Nose Slough is connected to Horseshoe NW by 
two water control structures.  Thus water levels in these two units take longer to rise (FIGS. 14 & 
15).  During the 1973 and 2008 floods, water levels in the Nose Slough Unit do not reach 460 ft. 
during the period of analysis.  Back-flooding occurs fastest during the 1973 flood with water 
levels reaching 460 ft. in 3 - 4 days.  Back-flooding is slowest during the 2001 flood.  Water 
levels reached 460 ft. in 10 - 11 days. 
 

 
FIGURE 14.  Intentional inundation by back-flooding for Mississippi River Flood of 1993. 
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FIGURE 15.  Intentional inundation by back-flooding for Mississippi River Flood of 2008. 
 
14.  LOWERING WATER CONTROL STRUCTURE INVERT ELEVATIONS 
After the hydraulic modeling for Analysis Iterations 1-26 was completed, additional data led to 
the re-evaluation of the inverts of the water control structures.  The pump station analysis 
indicated that a reasonable minimum water-surface elevation on the Mississippi River in the 
vicinity of the pump station is 449.0 ft.  Additionally bathymetry surveys of Three Mile Ditch 
indicated that the ditch was considerably deeper than previously thought.  In discussions between 
USACE MVS and MDC the inverts of the structures at the southern end of the project area and 
the structures along Three Mile Ditch were lowered (TABLE 3).  The lowered inverts will allow 
for the maximum drawdown in the project interior.  Achieving maximum drawdown provides the 
best opportunity for successful reed canary grass control and promotes native plant growth.   
 
TABLE 3.  Original and revised inverts for the proposed water control structures (revised inverts 
shown in bold italics) 
Structure 
Location Code Bodies of Water Connected by 

Structure 
Invert Elevation (feet) 

Original Revised 
internal NS1 Nose Slough Unit to Horseshoe NW Unit (west structure) 450.1 450.1 
internal NS2 Nose Slough Unit to Horseshoe NW Unit (east structure) 450.1 450.1 
internal CW2 Horseshoe NW Unit to Pump Station Channel Unit 450.0 449.2 
internal CN1 Horseshoe NE Unit to Pump Station Channel Unit 450.0 449.2 
internal CS3 Horseshoe S Unit to Pump Station Channel Unit 450.0 449.2 

peripheral HL1 Horseshoe NW Unit to Salt River Oxbow 450.0 450.0 
peripheral SR1 Horseshoe S Unit to Salt River 449.2 448.5 
peripheral DS1 Horseshoe S Unit to Deadman’s Slough 449.2 448.5 
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Simulations were performed to determine the effect of the revised invert elevations upon the 
water control structures performance.  To reduce analysis time and effort, the two Mississippi 
River historic floods with the worst case and best case recession hydrographs, respectively, were 
used for these simulations.  Additionally, since pumping had little effect upon post-flood gravity 
drainage, only gravity drainage was simulated.  The two flood events were chosen by reviewing 
the data given in FIGURE 11, which shows recession hydrographs for the flood events in the 
vicinity of the project area.  The flood events that occurred during 2008 and 2001 were chosen 
since they have the most rapid and most gradual recessions, respectively.   
 
Lowering the inverts of the five structures had little effect on the rate of gravity drainage or 
back-flooding.  Depending on water surface elevation, the rate changed by no more than one day 
either positively or negatively with the lowered inverts.  These changes are documented in 
Analysis Iterations 27 through 30 in EXHIBIT 3. 
 
15.  PERIPHERAL WATER CONTROL STRUCTURES: SIZING RE-EVALUATION 
The placement for the three peripheral structures was originally determined based on area 
drainage patterns, existing structures, and proposed management unit locations.  After Analysis 
Iterations 27-30 were completed, the cost and constructability of the three peripheral structures 
was considered.  Additionally, DS1 at the end of Three Mile Ditch in Horseshoe S and SR1 at 
the southern end of Horseshoe S may be redundant.  The quantity and shape of these three 
structures was re-evaluated with the goal of lowering project cost.  To accomplish this goal, HL1 
in Horseshoe NW was changed from two 8 ft. x 6 ft. culverts to one.  Second, to accommodate 
for the loss in capacity at HL1, SR1 was increased to three 8 ft. x 6 ft. culverts.  Third, because 
DS1 may be redundant and is difficult to reach, the existing 42 in. pipe would be replaced or 
repaired to maintain the existing capacity at DS1.   
 
Analysis Iterations 31-34 examined both gravity drainage and back-flooding for the historical 
Mississippi River flood events during 2008 and 2001.  In general, the suggested peripheral water 
control structure changes resulted in slower gravity drainage and back-flooding rates.  Therefore, 
these changes were not incorporated.   
 
16.  INTERNAL WATER CONTROL STRUCTURES: RE-EVALUATION 
Since none of the peripheral water control structure changes were adopted, three of the five 
proposed internal water control structures (CN1, CW2, CS3) were re-evaluated.  The PDT 
desired to retain all or most of the drainage capacity of the originally proposed concrete box 
culverts.  Replacing each of the three structures with two 6 ft. diameter corrugated metal pipes 
would increase the capacity at CW2 and slightly reduce the capacity at CN1 and CS3.  The back-
flooding and gravity drainage potential of replacing CN1, CW2, and CS3 each with two 6 ft. 
diameter CMP was evaluated for the most rapid, 2008, and slowest, 2001, historic flood 
recessions (Analysis Iterations 35 - 38, EXHIBIT 4). 
 
The results of these analyses can be compared to the results of analyses 27-30 in EXHIBIT 3 
since both exhibits contain the same operational procedures modeled for the same flood events.  
The internal water control structure changes resulted in no change to just slightly longer periods 
required for both gravity drainage and intentional inundation by back-flooding.  To retain the 
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drainage capacity of the originally proposed box culverts, structures CN1 and CS3 were 
increased from two to three 6 ft. diameter CMP (TABLE 1). 
 
17.  COMPARISON OF WATER CONTROL STRUCTURE PERFORMANCE:  
EXISTING VERSUS PROPOSED STRUCTURES 
A comparison of the gravity drainage performance of the water control structures currently in 
place within the analysis area and the proposed structures was performed for the 2008 flood.  
The existing water control structures within the project area include two 30 in. CMP structures 
that drain the Nose Slough Unit into the Horseshoe Unit and one 42 in. CMP structure that drains 
the Horseshoe to the exterior, Deadman’s Slough.  The Nose Slough Unit structures have invert 
elevations of 449.8 ft.  The Horseshoe Unit structure has an invert elevation of 449.2 ft. For this 
analysis as with the others, it was assumed that the levees surrounding the project area remained 
intact.   
 
With the existing control structures, the 2008 flood simulation of gravity drainage indicates the 
internal water surface elevation would have been about 452.6 ft. by 15 October.  With the 
proposed structures water surface elevations had reached 452.0 in eight days and by 15 October 
the simulation was complete.  The water surface elevation had reached 450.5.  The simulation 
with existing structures was not continued past 15 October 2008. 
 
18.  DOWNWARD OPENING SLIDE GATES 
Precise control of water levels allows MDC to maximize available food for wildlife by within 
specific management units.  The construction of a second opening for four of the proposed water 
control structures was evaluated (TABLE 1).  This opening would be set some distance above 
the structures invert to allow for a downward opening slide gate.  The slide gate would be used to 
lower the water surface in the adjacent management unit to the height of the top of the gate.  This 
allows for controlled regulation of a management units water level within a narrow range.  Fine-
tuned water level management of this type is difficult with the main opening of the proposed 
structures.  It would require continuous monitoring, potentially of multiple structures scattered 
across the conservation area. 
 
Several design factors were considered in determining slide gate type and size.  Slide gates 
should not allow water to back-flood the unit.  In other words, a reverse head upon a slide gate 
should not cause it to be displaced horizontally.  Increasing the water surface above the point 
where the ground elevation in the unit attains a rather flat slope requires a considerable amount 
of water.  Thus this elevation, where the ground attains a flat slope, should be the bottom 
elevation of the slide gate opening.  Based upon their experience with operating the Nose Slough 
Unit, MDC proposed that the slide gate openings should be from 453-456 ft. 
 
During the Plans and Specifications phase of this project, terrain analysis will be performed to 
determine slide gate opening elevations for the other two structures.  An acceptable duration for 
the lowering of the water level between specific elevations will also be determined.  Hydraulic 
modeling will be performed to determine the required width of each slide gate. 
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19.  CONCLUSIONS 
The recession of the Mississippi River after a flood event is a major factor influencing gravity 
drainage of the conservation area.  Once the river experienced a sustained recession, efficient 
gravity drainage was accomplished.  Protracted recessions resulted in considerably slower 
gravity drainage requiring up to 37 days to drain the water in the units from 455.5 to 450.5 ft.  
During these protracted recessions, the addition of pumping to remove internal water caused 
virtually no change in drainage durations.  Revising the inverts and types of structures resulted in 
slightly longer to no change in drainage durations. 
 
During intentional inundation by back-flooding in advance of flood events, the units initially 
filled rapidly following the opening of the peripheral structures.  Units without a peripheral 
structure took longer to fill.  The Nose Slough Unit took the longest to back flood.  For the 
various historic flood ascensions, most units reached the target elevation of 460 ft. within 3 - 10 
days.  Revising the inverts and types of structures resulted in slightly longer to no change in 
back-flooding durations. 
 
The pump station was designed so that all units would reach their target operating pool 
elevations within 25 days.  Assuming no water losses of any kind, operating pool elevations were 
attained within 18-26 days for intentional inundation by pumping. 
 
Work remains to be performed regarding the slide gate opening through four of the proposed 
structures.  The desired rate of water surface elevation change, terrain analysis, and appropriate 
opening elevations will be determined.  Additional work could be performed to determine the 
effects of pumping when gravity drainage is not possible because Mississippi River levels are 
above or below the top of the peripheral water control structures.  The river does not always 
experience a continuous recession, and one potential way to achieve the full drainage of at least 
one unit during a protracted recession would be by selective pumping. 
 
The goal of the hydraulic analysis was to determine the dimensions for the eight proposed water 
control structures and the proposed pump station capacity such that these structures would meet 
or exceed water control targets.  The hydraulic modeling and simulations indicate the targets 
have been achieved to the extent possible within the natural limitations imposed by the 
Mississippi River and Salt River. 
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EXHIBIT 1 
Determination of proposed water control structure dimensions 

 
EXHIBIT 1 contains the determination of preliminary dimensions for proposed water control 
structures.  To gain a preliminary idea of the structures required to meet the target of draining the 
project area in 10 days, a HEC-HMS level-pool routing model (iteration 1) was run.  The HEC-
HMS model included the setback levees but did not consider backwater effects.  The analysis 
included eight 6 ft. diameter peripheral pipes to drain the analyses area (FIG. 1).  The HEC-HMS 
model determined the time required to evacuate the water within the project area from 458.0 ft. 
to 450.1 ft. assuming total free-outfall pipe opening.   
 
Subsequently, HEC-GeoRAS and HEC-RAS unsteady flow models were run to determine 
structure dimensions required to meet the 10 day target (Iterations 4 -15).   All iterations utilized 
the recession hydrograph for the minor Mississippi River flood of July 1974.  Because the 
setback levees were not necessarily part of the project, to be conservative the analyses assumed 
no setback levees were present.  The initial interior water elevation was set at 455.5 ft. The eight 
proposed water control structures would utilize a box culvert design and sizing changed with 
each iteration (TABLE 1-1).   
 
Iteration 1.  The five management units collectively drained from 458.0 ft. to 450.1 ft. in 14 
days.  
 
Iteration 4 - 15.  The rate (in days) to drain the five management units collectively to various 
water surface elevations after the minor flood of 1974.  This simulation began when the exterior 
water surface elevation reached 455.5 ft. (July 1974).  The proposed water control structure 
dimensions changed with each iteration.
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Iterations 4 - 15.  Dimensions (ft.) and quantities for box culverts at the eight water control structure locations.  Changes from one 
iteration to the next are highlighted in grey. 

Location 
Iteration 

4 5 6 7 8 9 10 11 12 13 14 15 
NS1 1 6x6 1 6x6 1 6x6 1 6x6 1 6x6 1 6x6 1 6x6 1 6x6 1 6x6 1 4x4 1 3x3 1 4x4 
NS2 1 6x6 1 6x6 1 6x6 1 6x6 1 6x6 1 6x6 1 6x6 1 6x6 1 6x6 1 4x4 1 3x3 1 4x4 
CW2 2 6x6 2 6x6 2 6x6 2 6x6 2 6x6 2 6x6 1 6x6 1 6x6 1 6x6 1 6x6 1 6x6 1 6x6 
CN1 2 6x6 2 6x6 2 6x6 2 6x6 2 6x6 2 6x6 1 6x6 1 8x6 2 6x6 2 6x6 2 6x6 2 6x6 
CS3 4 6x6 4 6x6 4 6x6 3 6x6 2 6x6 1 6x6 2 6x6 2 6x6 2 6x6 2 6x6 2 6x6 2 6x6 
HL1 3 8 x 6 2 8 x 6 1 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 
SR1 3 8 x 6 2 8 x 6 1 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 
DS1 3 8 x 6 2 8 x 6 1 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 2 8 x 6 
 
Iterations 4 - 15.  The drainage duration (days) of affected management units to various water surface elevations after the minor 1974 
flood.   

Management 
Units 

Elevation (ft) 

Iteration 4 Iteration 5 Iteration 6 Iteration 7 Iteration 8 Iteration 9 

452 

451.5 

451 

450.5 

452 

451.5 

451 

450.5 

452 

451.5 

451 

450.5 

452 

451.5 

451 

450.5 

452 

451.5 

451 

450.5 

452 

451.5 

451 

450.5 

Pump Station Ch.             7 8 10 14 7 8 10 14 8 10 12 16 
All Five Units 7 8 10 14 7 8 10 14 9 11 13 16             
 Iteration 10 Iteration 11 Iteration 12 Iteration 13 Iteration 14 Iteration 15 
Nose Slough             7 9 10 15 8 9 11 15 7 9 10 15 
Horseshoe NW 6 8 10 16 6 8 10 16 7 8 10 15         7 9 11 16 
Horseshoe NE 10 12 15 18 8 10 12 17 8 9 11 15         8 10 11 15 
Pump Station Ch.                     7 9 11 15 
Horseshoe S     6 8 10 13             6 8 10 13 
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EXHIBIT 2 
Proposed water control structure performance during four historic floods 

 
EXHIBIT 2 contains the performance testing of the preliminary proposed water control 
structures. Performance was tested with HEC-GeoRAS and HEC-RAS unsteady flow models 
utilizing the recession and ascension hydrograph of the four Mississippi River floods that have 
overtopped Ted Shanks Conservation Area.  This analysis assumed no setback levees were 
present, and an initial internal water elevation of 455.5 ft. for gravity drainage and 450.4 ft. for 
back-flooding.  Internal water control structures included two 4 × 4 ft. box culverts and six 6 × 6 
ft. box culverts, and three peripheral water control structures each with two 8 × 6 ft. box culverts. 
Iterations 16-19 tested post-flood gravity drainage.  Iterations 20-21 tested post-flood gravity 
drainage with pumping.  Iterations 22-25 tested pre-flood back-flooding.  Iteration 26 determined  
inundation rate by pumping for the Horseshoe management units only.  
  
Iteration 16. The rate (in days) to drain the five management units to various water surface 
elevations after the overtopping flood of 1993.  This simulation began when the historical flood 
height receded to 455.5 ft. (October 1993).   

Management Units Elevation (ft) 
 452 451.5 451 450.5 
Nose Slough 7 9 11 15 
Horseshoe NW 8 9 11 15 
Horseshoe NE 8 10 11 15 
Pump Station Channel 8 9 11 15 
Horseshoe S 7 8 10 13 
 
Iteration 17. The rate (in days) to drain the five management units to various water surface 
elevations after the overtopping flood of 2008.  This simulation began when the historical flood 
height receded to 455.5 ft. (August 2008).   

Management Units Elevation (ft) 
 452 451.5 451 450.5 
Nose Slough 7 8 10 14 
Horseshoe NW 7 8 10 14 
Horseshoe NE 8 9 11 14 
Pump Station Channel 7 8 10 14 
Horseshoe S 6 8 10 13 
 

H-24



Iteration 18. The rate (in days) to drain the five management units to various water surface 
elevations after the overtopping flood of 2001.  This simulation began when the historical flood 
height receded to 455.5 ft. (June-July 2001).   

Management Units Elevation (ft) 
 452 451.5 451 450.5 
Nose Slough 29 30 32 36 
Horseshoe NW 29 30 32 36 
Horseshoe NE 29 31 33 37 
Pump Station Channel 29 31 33 37 
Horseshoe S 28 30 32 36 
 
Iteration 19. The rate (in days) to drain the five management units to various water surface 
elevations after the overtopping flood of 1973.  This simulation began when the historical flood 
height receded to 455.5 ft. (June-July 1973).   

Management Units Elevation (ft) 
 452 451.5 451 450.5 
Nose Slough 15 16 18 28 
Horseshoe NW 15 16 18 28 
Horseshoe NE 15 17 19 28 
Pump Station Channel 15 16 18 28 
Horseshoe S 14 16 18 27 
 
Iteration 20. The rate (in days) to drain with pumping assistance the five management units to 
various water surface elevations after the overtopping flood of 2001.  This simulation began 
when the historical flood height receded to 455.5 ft. (June-July 2001).   

Management Units Elevation (ft) 
 452 451.5 451 450.5 
Nose Slough 29 30 32 36 
Horseshoe NW 29 30 32 36 
Horseshoe NE 29 31 33 36 
Pump Station Channel 29 30 32 36 
Horseshoe S 28 30 32 36 
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Iteration 21. The rate (in days) to drain with pumping assistance the five management units to 
various water surface elevations after the overtopping flood of 1973.  This simulation began 
when the historical flood height receded to 455.5 ft. (June-July 1973).   

Management Units Elevation (ft) 
 452 451.5 451 450.5 
Nose Slough 14 16 18 28 
Horseshoe NW 14 16 18 28 
Horseshoe NE 15 17 19 28 
Pump Station Channel 14 16 18 27 
Horseshoe S 14 16 18 27 
 
Iteration 22. The rate (in days) to back-flood the five management units to various water 
surface elevations before the overtopping flood of 1993.  This simulation began in June 1993 
when exterior water levels reached 456 ft. assuming interior water surface levels of 450.4 ft.   

Management Units Elevation (ft) 
 453 455 457 460 
Nose Slough 2 3 6 9 
Horseshoe NW 1 2 3 7 
Horseshoe NE 2 3 4 7 
Pump Station Channel 1 2 3 7 
Horseshoe S 1 2 3 7 
 
Iteration 23. The rate (in days) to back-flood the five management units to various water surface 
elevations before the overtopping flood of 2008.  This simulation began in June 2008 when 
exterior water levels reached 456 ft. assuming interior water surface levels of 450.4 ft.   

Management Units Elevation (ft) 
 453 455 457 460 
Nose Slough 2 4 4 ~ 
Horseshoe NW 1 2 3 6 
Horseshoe NE 2 3 4 6 
Pump Station Channel 1 2 3 6 
Horseshoe S 1 2 3 6 
~ indicates the elevation was not reached by end of the simulation. 
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Iteration 24. The rate (in days) to back-flood the five management units to various water surface 
elevations before the overtopping flood of 1973.  This simulation began in April 1973 when 
exterior water levels reached 456 ft. assuming interior water surface levels of 450.4 ft. 

Management Units Elevation (ft) 
 453 455 457 460 
Nose Slough 2 3 ~ ~ 
Horseshoe NW 1 2 2 3 
Horseshoe NE 2 3 4 4 
Pump Station Channel 1 2 2 3 
Horseshoe S 1 2 2 3 
~ indicates the elevation was not reached by end of the simulation. 
 
Iteration 25. The rate (in days) to back-flood the five management units to various water surface 
elevations before the overtopping flood of 2001.  This simulation began in May 2001 when 
exterior water levels reached 456 ft. assuming interior water surface levels of 450.4 ft. 

Management Units Elevation (ft.) 
 453 455 457 460 
Nose Slough 2 4 6 10 
Horseshoe NW 1 2 4 10 
Horseshoe NE 2 4 5 11 
Pump Station Channel 1 2 4 11 
Horseshoe S 1 2 4 10 
 
Iteration 26. The rate (in days) to reach target management water surface levels in the three 
Horseshoe units by pumping.  This simulation began assuming interior water surface levels of 
450.0-450.1 ft.   

Management Units Target Water Level 
(ft.) Days 

Horseshoe NW 454.5 26 
Horseshoe NE 454.0 22 
Horseshoe S 453.5 18 
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EXHIBIT 3 
Lowered invert elevations for five of eight proposed water control structures 

 
EXHIBIT 3 contains the testing of the gravity drainage and back-flooding performance of 
modified proposed water control structures with lowered invert elevations for five of eight 
structures (TABLE 3).  This performance was tested with HEC-GeoRAS and HEC-RAS 
unsteady flow models utilizing the recession or ascension hydrograph from the specified flood.  
To make the analysis comparable to previous analyses, this analysis assumed that no setback 
levees were present, and the initial internal water elevation was 455.5 for gravity drainage and 
450.2 ft. for back-flooding.  Internal water control structures included two 4 × 4 ft. box culverts 
and six 6 × 6 ft. box culverts, and three peripheral water control structures; each with two 8 × 6 
ft. box culverts.  
  
Iteration 27.  The rate (in days) to drain the five management units to various water surface 
elevations after the overtopping flood of 2008.  This simulation began when the historical flood 
height receded to 455.5 ft. (August 2008).   

Management Units Elevation (ft) 
 452 451.5 451 450.5 
Nose Slough 7 8 10 14 
Horseshoe NW 7 8 10 14 
Horseshoe NE 7 9 10 13 
Pump Station Channel 7 8 10 13 
Horseshoe S 6 8 10 13 
 
Iteration 28.  The rate (in days) to back-flood the five management units to various water 
surface elevations before the overtopping flood of 2008.  This simulation began in June 2008 
when exterior water levels reached 456 ft. assuming interior water surface levels of 450.2 ft.   

Management Units Elevation (ft) 
 453 455 457 460 
Nose Slough 2 4 6 ~ 
Horseshoe NW 1 2 3 6 
Horseshoe NE 2 3 4 6 
Pump Station Channel 1 2 3 6 
Horseshoe S 1 2 3 6 
~ indicates the elevation was not reached by end of the simulation. 
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Iteration 29. The rate (in days) to drain the five management units to various water surface 
elevations after the overtopping flood of 2001.  This simulation began when the historical flood 
height receded to 455.5 ft. (June-July 2001).  

Management Units Elevation (ft) 
 452 451.5 451 450.5 
Nose Slough 29 31 33 36 
Horseshoe NW 29 31 33 36 
Horseshoe NE 29 31 33 36 
Pump Station Channel 29 31 32 36 
Horseshoe S 29 30 32 36 
 
Iteration 30.  The rate (in days) to back-flood the five management units to various water 
surface elevations before the overtopping flood of 2001.  This simulation began in May 2001 
when exterior water levels reached 456 ft. assuming interior water surface levels of 450.2 ft.   

Management Units Elevation (ft) 
 453 455 457 460 
Nose Slough 2 4 6 10 
Horseshoe NW 1 2 4 10 
Horseshoe NE 2 3 5 10 
Pump Station Channel 1 2 4 10 
Horseshoe S 1 2 4 10 
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EXHIBIT 4 
Gravity drainage and back-flooding performance with corrugated metal pipe structures 

 
EXHIBIT 4 contains the testing of the gravity drainage and back-flooding performance with the 
corrugated metal pipe structures (FIG. 1).  Structures in this analysis are the same as those in 
EXHIBIT 3 except that the three structures connecting the new management units have been 
changed.  Each structure consists of two 6 ft. diameter corrugated metal pipes.  This performance 
was tested with HEC-GeoRAS and HEC-RAS unsteady flow models utilizing the recession or 
ascension hydrograph from the specified flood.  To make the analysis comparable to previous 
analyses, this analysis assumed that no setback levees were present, and the initial water 
elevation was 455.5 for gravity drainage and 450.2 for back-flooding.  EXHIBIT 4 drainage 
times can be compared to EXHIBIT 3 which has box culverts for CN1, CW2, and CS3 instead of 
the corrugated metal pipe structures in this exhibit. 
 
Iteration 35.  The rate (in days) to drain the five management units to various water surface 
elevations after the overtopping flood of 2008.  This simulation began when the historical flood 
height receded to 455.5 (Aug 2008). 

Management Units Elevation (ft) 
 452 451.5 451 450.5 
Nose Slough 8 9 11 15 
Horseshoe NW 7 9 11 15 
Horseshoe NE 8 10 11 15 
Pump Station Channel 7 9 11 15 
Horseshoe S 6 8 10 13 
 
 Iteration 36.  The rate (in days) to back-flood the five management units to various water 
surface elevations before the overtopping flood of 2008.  This simulation began in June 2008 
when exterior water levels reached 456 assuming interior water surface levels of 450.2.    

Management Units Elevation (ft) 
 453 455 457 460 
Nose Slough 2 4 6 ~ 
Horseshoe NW 1 2 3 6 
Horseshoe NE 2 4 5 ~ 
Pump Station Channel 1 2 3 6 
Horseshoe S 1 2 3 6 
~ indicates the elevation was not reached by the end of the simulation. 
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Iteration 37.  The rate (in days) to drain the five management units to various water surface 
elevations after the overtopping flood of 2001.  This simulation began when the historical flood 
height receded to 455.5 (June-July 2001). 

Management Units Elevation (ft) 
 452 451.5 451 450.5 
Nose Slough 30 31 33 ~ 
Horseshoe NW 30 31 33 ~ 
Horseshoe NE 30 32 34 ~ 
Pump Station Channel 30 31 33 ~ 
Horseshoe S 29 30 32 ~ 
~ indicates the elevation was not reached by the end of the simulation. 
 
Iteration 38.  The rate (in days) to back-flood the five management units to various water 
surface elevations before the overtopping flood of 2001.  This simulation began in May 2001 
when exterior water levels reached 456 assuming interior water surface levels of 450.2.   

Management Units Elevation (ft) 
 453 455 457 460 
Nose Slough 2 4 7 ~ 
Horseshoe NW 1 2 4 ~ 
Horseshoe NE 3 4 6 ~ 
Pump Station Channel 1 2 4 ~ 
Horseshoe S 1 2 4 ~ 
~ indicates the elevation was not reached by the end of the simulation. 
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MONITORING AND ADAPTIVE MANAGEMENT PLAN 



INTRODUCTION 
  
The Water Resources Development Act (WRDA) of 2007 authorized implementation of 
Ecosystem Restoration projects to attain and maintain sustainability of the ecosystem of the 
Upper Mississippi River and Illinois River.  Along with the authorization came requirements for 
monitoring ecosystem restoration project performance.  An excerpt from Title VIII, Section 8004 
of WRDA 2007 states: 
 
(d) ECOSYSTEM RESTORATION PRECONSTRUCTION ENGINEERING AND DESIGN, -- 

(1) RESTORATION DESIGN. – Before initiating the construction of any individual 
ecosystem restoration project, the Secretary shall – 

A. establish ecosystem restoration goals and identify specific performance 
measures designed to demonstrate ecosystem restoration 

B. establish the without-project condition or baseline for each performance 
indicator; and 

C. for each separable element of the ecosystem restoration, identify specific 
target goals for each performance indicator.  

(2) OUTCOMES.—Performance measures identified under paragraph (1)(A) shall 
include specific measurable environmental outcomes, such as changes in water 
quality, hydrology, or the well being of indicator species the population and 
distribution of which are representative of the abundance and diversity of ecosystem-
dependent aquatic and terrestrial species. 

(3) RESTORATION DESIGN.—Restoration design carried out as part of ecosystem 
restoration shall include a monitoring plan for the performance measures identified 
under paragraph (1)(A), including – 

A. a timeline to achieve the identified target goals; and 
B. a timeline for demonstration of project completion. 

 
This appendix outlines St. Louis District’s plans for monitoring to assess performance indicators 
and designate targets and timelines for the Ted Shanks Conservation Area Habitat Rehabilitation 
and Enhancement Project’s (HREP) success in meeting project objectives.  
 
GOALS AND OBJECTIVES 
 
The primary goal of the Ted Shanks Conservation Area (TSCA) Habitat Rehabilitation and 
Enhancement Project (HREP) is to rehabilitate and enhance the quality and diversity of wetland 
habitat in the project area to benefit primarily migratory birds and secondarily other wetland 
species.  This goal will be achieved through the following objectives: (1) improve water level 
management, (2) increase quantity and quality of bottomland and floodplain forest, and (3) 
improve aquatic habitat.   Implementation of these objectives would improve quality and 
quantity of wildlife habitat and provide necessary resources for migratory birds along with a 
variety of other native floodplain species.  The following are the system-wide goals and site-
specific objectives for the Ted Shanks HREP along with features of the tentatively selected plan 
designed to meet the objectives (TABLE 1): 
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TABLE 1. Ted Shanks Conservation Area HREP goals, objectives, and recommended features.  
System-wide Goal Site-Specific Objective Enhancement Feature 

Rehabilitate and 
enhance wetland 
habitat 

Improve water level management 
Create water management units 
 

Replace/build new water control 
structures and  pump station 

Increase quantity and quality of 
bottomland (BL)  and floodplain 
(FP) forest 

Setback/degrade levees 
 

Plant bottomland and floodplain 
forest 

Improve aquatic habitat 
Reconnect water bodies 
 

Install rock structures 
 
PERFORMANCE INDICATORS 
 
This monitoring plan was developed with input from state and federal resource agencies.  
Performance indicators to the above objectives (TABLE 1) were developed with the best 
available knowledge.  They were developed to be specific, measurable, attainable, realistic and 
timely.  Current performance indicators and the conceptual monitoring timeline for use in the 
Ted Shanks HREP are detailed below (TABLES 2 and 3).   
 
Objective 1:  Improve water level management 
 
Performance Indicator 1A: Water delivery and drainage 

Rationale:   Currently, the water level management at TSCA is operating at an inadequate water 
transportation capacity.  The leveed portion of the project area and all of Nose Slough Unit (> 
2,900 acres) drain through a pump station and one 42″ corrugated metal pipe at the end of the 
Three Mile Ditch.  This drainage system results in the leveed interior of TSCA being flooded 
longer than the exterior.  Floodwaters have repeatedly overtopped the exterior levee inundating 
the interior for extended periods of time causing habitat conversion to wet meadows dominated 
by reed canary grass, bottomland forest death and lack of regeneration, and loss of wetland 
diversity.   Project features are designed to improve water delivery and drainage.  Hydraulic 
modeling was conducted for the tentatively selected plan.  The best and worst overtopping 
floods, fastest and slowest receding respectively, in recent record were modeled to determine the 
rate at which the project area would drain.  The project area drained from 455.5′ NGVD to 450.5′ 
NGVD in 14 (best) to 36 (worst) days. 

Expected Outcome:  With the improved water delivery and drainage capacity, the project area 
should drain in less than 36 days.  Results should be realized in the first year after construction 
completion.   

Monitoring and Measurement: Pre- and post-project construction de-watering times will be 
recorded by site staff to determine the change in water drainage and delivery efficiencies.   
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TABLE 2. Project objectives, indicators, and time before the effects of the Ted Shanks Conservation Area HREP become apparent.  
System-

wide 
Goal 

Site-Specific 
Objective Performance Indicator Monitoring Target Time of Effect** 

 

R
eh

ab
ili

ta
te

 a
nd

 e
nh

an
ce

 w
et

la
nd

 h
ab

ita
t 

Improve 
water level 
management 

Water delivery and 
drainage 

Drainage of project area from 455.5′ NGVD to 
450.5′ NGVD in < 36 days  

Construction 
completion 

Percent cover of moist 
soil plants  

Desirable plants comprise ≥ 50 % of the cover 
estimate for the unit* 
*contingent on reed canary grass being under control in the project area 

4 year post-
construction 

Increase 
quantity and 
quality of BL 
& FP forests 

Survival & growth of  
existing and planted trees 
 

aInitial survival and blong-term of planted trees of 
at least 80%* 
bIncreased height and basal diameter and positive 
relative growth rate (height & dbh) over time* 
                      *contingent on deer browsing and flooding 

a1 year post-planting 
completion 

 
b5 year post-planting 
completion 

Improve 
aquatic 
habitat 

Abundance of varying 
aquatic habitat types 
based on depth  

Increase habitat complexity in Deadman’s Slough 
by at least 10%  

3 year post-
construction 
completion 

Duration of connection 
between Deadman’s 
Slough & Mississippi 
River  

Increase connection period of water flow through 
slough to year round under normal water levels 

3 year post-
construction 
completion 

Abundance & species of 
fish passing through 
control structures during 
fall pumping (CW2) and 
spring drawdowns (NS1) 

No fish > 2″ in diameter passing through structures 
during pumping (structure CW2) and draining 
(NS1) of Horseshoe Northwest 
 

2 year post-
construction 
completion 

Duration & frequency of 
inundation of land 
affected by setbacks 

Increase duration and frequency of inundated land 
above existing condition  

Construction 
completion 

** Full realization of results is highly dependent upon river levels in the project area post-construction; several high water events may be necessary before benefits are realized and a state of relative 
equilibrium is reached. Therefore, should river levels be unusually low subsequent to project construction, more time may be needed in order to fully realize anticipated results. 
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TABLE 3.  Ted Shanks Conservation Area conceptual monitoring schedule.  Construction is set 
at year 0. Estimated monitoring costs based on equipment expenses and contracting out field 
work. 
 -1 0 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10 
Water transport X 

C
on

st
ru

ct
io

n 

X          
Moist soil*     X X X X X X X 
Trees  X    X     X 
Bathymetry X   X      X  
Fish   X  X  X  X   

Est. Cost ($) 8,000 8,000 3,300 8,000 4,100 9,100 4,100 1,100 4,100 9,100 8,100 

TOTAL $67,000 

*monitoring contingent on if reed canary grass is controlled in order to establish desired moist soil plants 
 
Performance Indicator 1B: Cover of moist soil plants 

Rationale: The current management goal at TSCA is creation and maintenance of habitat and 
reliable food sources for migratory birds, primarily waterfowl.  The most effective technique to 
do this is through water level manipulations (e.g., spring/summer draw downs and slow fall 
flooding).  Managing water levels to promote a diverse suite of moist soil plants provide 
waterfowl with nutritional resources (e.g., seeds and tubers) that are needed to complete vital 
annual life stages.  Project features are designed to improve water level manipulation which will 
directly improve the ability to manage for moist soil plants contingent on the elimination of reed 
canary grass in the project area.  The US Fish and Wildlife Service recommend evaluating moist 
soil habitat by plant species composition and seed production (Strader and Stinson 2005); 
however, due to cost seed production monitoring will not occur at this time.  

Expected Outcome: With enhanced water manipulations, moist soil management at TSCA should 
improve.  Desirable moist soil plants should comprise ≥ 50 % of the cover estimate for each unit 
in the project area.  Results should be realized four years after construction completion.  
However, if reed canary grass is not under control then this expected outcome may not be met.   

Monitoring and Measurement: Fifteen (50 × 50 cm) plots will be randomly located throughout 
moist soil habitat in each management unit (Horseshoe Northeast, Horseshoe Northwest, and 
Horseshoe South) with 45 plots total for the entire project area.  Plots will be used to visually 
estimate percent cover (0-100%) of the 5 or 6 most common plant species at each sample site.  It 
is preferred that two visual samples (early and late growing season) be collected each year of 
monitoring to better capture plants present.  This will provide an index of herbaceous plant 
composition for moist-soil management needs.  If for example, percent cover of desirable plants 
dropped from 85% to 40% with increasing amounts of perennials dominating the site, then a 
drawdown or some mechanical disturbance needs to be scheduled for the following growing 
season.   
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Objective 2: Increase quantity and quality of bottomland and floodplain forest 

Performance Indicator 2A: Survival and growth of existing planted and containerized trees.  

Rationale: Historically, TSCA contained the largest single tract of bottomland hardwoods along 
the Mississippi River north of St. Louis (Heitmeyer 2008).  However, due to past water level 
management activities, elevated ground water table, and large flood events the forested areas 
have experienced high mortality.  Since 1993 the project area has converted from largely 
bottomland forest to predominately marshlands and wet meadows dominated by reed canary 
grass.  These conditions prevent tree regeneration.  In addition, reforestation efforts began in the 
central part of TSCA, just north of the project area.  However during the 2008 flood, over 80% 
of those trees were killed.  Project features to improve water transportation capacity and setback 
levees along with ongoing reed canary grass management conducted by the Missouri Department 
of Conservation (Nelson 2009), would make conditions more suitable to sustain reforested 
bottomland and floodplain forests.   

Expected Outcome: The amount of bottomland forest would increase by a total of approximately 
51 acres at high elevation (± 453.5′ NGVD) between two reforestation areas (Horseshoe 
Northeast and Northwest).  The amount of floodplain forest would increase by a total of 
approximately 298 acres at suitable elevations (452-453.5′ NGVD) in two reforestation areas 
(Horseshoe Northeast and Northwest).  Reforestation will be one of the last features completed 
since water control and transport need to be completed prior to planting.  Once planted, results 
should be realized within 5 years. However, full realization of results is highly dependent upon 
flood events, deer browsing, and possible seedling competition with reed canary grass or other 
invasive species in the project area after construction.  Adaptive management strategies (fencing, 
herbicide application, mowing) will be utilized if necessary.  

Monitoring and Management: Three vegetation monitoring plots 1.1 acre in size will be 
established randomly upon planting within each reforestation area (Horseshoe Northeast and 
Horseshoe Northwest). In addition, one 1.1 acre monitoring plot will be established randomly 
within the existing forest located in MDC South Setback to monitor existing forest health and 
any natural forest regeneration.  The total monitoring area encompasses approximately 3.3 acres 
per reforestation area and 1.1 acre in MDC setback area, and a total of approximately 8 acres 
across entire project area.  At the center of each 1.1 acre monitoring plot, a permanent 1/5th acre 
vegetation sampling subplot will be established and seedlings within this area will be tagged for 
monitoring purposes.  For the MDC South Setback area and in other reforestation areas with 
existing overstory trees present, a nested design will be used to monitor these overstory trees 
along with the planted seedlings and any natural tree regeneration (FIG. 1).  If the area to be 
reforested lacks overstory trees, all planted seedlings will be monitored (height and basal 
diameter) through time in the 1/5th acre sampling subplot (FIG. 1).   
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Success of planted containerized trees will be monitored 1 year post-planting to determine 
height, basal diameter (dbh), and % seedling survivorship (tree count).  To determine longer-
term success, periodic monitoring (every 5 years, with possible monitoring after large 
disturbance events) of these seedlings will include height and basal diameter measurements.  
Differences in percent height and diameter increases will be used to monitor seedlings through 
time.  In addition, based on Henderson et al. (2009) relative growth rate (RGR) will also be 
calculated for seedlings to determine success/survivorship (where RGR > 0 equals positive level 
of production and survivorship, while RGR < 0 equals loss of production and mortality) using 
the following equation:    

 

H1 and H2 refer to growth measurements (height or diameter) at times t1 and t2.   

Objective 3: Improve aquatic habitat 

Performance Indicator 3A: Abundance of varying aquatic habitat types based on depth. 

Rationale: Currently, throughout Deadman’s Slough there is a lack of aquatic habitat 
complexity.  Fish habitat and populations are regarded as “poor” by TSCA staff and fisherman.  
Constructing rock riffles and hard points would increase habitat complexity and sinuosity and 
provide spawning and rearing opportunities for a wide variety of aquatic life.   

Expected Outcome: The amount of habitat complexity within the project area should increase by 
at least 10% with the addition of project features.  Results should be realized within 3 years of 
construction completion.  However, full realization of results is highly dependent upon the 
hydrograph in the project area after construction.  Several high water events may be necessary 
before project benefits are realized and a state of relative equilibrium is reached.  Therefore, 
should river levels be unusually low subsequent to project construction, more time may be 
needed in order to fully realize anticipated results. 

Monitoring and Measurement: Pre-project and post-project bathymetric surveys will be used to 
calculate depths in Deadman’s Slough.  Depth data will be used to calculate the surface area of 
the slough bottom.  The surface area of the slough bottom will be used as a measure of the 
degree of bathymetric diversity (as number of changes in depth increases, so does the surface 
area of the slough bottom).   

Performance Indicator 3B: Duration of connection between Deadman’s Slough and 
Mississippi River. 

Rationale: Flooding and associated sedimentation have greatly impacted TSCA.  Several slough 
and backwater areas have lost depth.  Within Deadman’s Slough a silt plug has formed at the 
upstream end only allowing flow during high water.  The relocation of the mouth of Deadman’s 
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Slough was designed to create year round connectivity with the Mississippi River improving 
flow while decreasing sedimentation. 

Expected Outcome: Deadman’s Slough will maintain a year round connection with the 
Mississippi River.  Sedimentation within the mouth of the slough should be minimal due to its 
placement below an existing dike.   

Monitoring and Measurement: Pre- and post-project bathymetric surveys will be used to 
determine depth throughout the upper end of Deadman’s Slough.  This data will be compared to 
post-project daily water surface elevations at the Louisiana Gage to determine the period of 
connection to the Mississippi River for pre- and post-project conditions.  

Performance Indicator 3C: Abundance and species of fish passing through control structures 
during fall pumping and spring drainage of Horseshoe Northwest.  

Rationale: The water control structures connected to Horseshoe Northwest are designed to 
prevent fish from the Mississippi River entering Horseshoe Lake.  In the fall, water from the 
Mississippi River will flow from the pump station through water control structure (CW2) into 
Horseshoe Northwest.  In the spring, water from the unit will be drained from Nose Slough into 
Horseshoe Northwest through water control structure (NS1).  Water will drain from Horseshoe 
Northwest through water control structure HL1.  Structures surrounding Horseshoe Northwest 
are specifically designed with 2 in. grates to exclude fish greater than 2 in. in diameter from 
passing through the structures.   

Expected Outcome: No fish > 2 in. in diam. will pass through structures during pumping or 
draining of Horseshoe Northwest.  

Monitoring and Measurement: The fall flooding would be the most probable opportunity for fish 
to enter Horseshoe Northwest from the Mississippi River.  During the fall flooding event, a trap 
net with fine mesh will be set and securely fastened to enclose the entire CW-2 water control 
structure (6 ft. diam. corrugated metal pipe) for a 24-hr period.  In the spring, a similar procedure 
will occur to identify what species enter the lake through NS-1.  During drainage, a trap net will 
be set and securely fastened to enclose NS-1 (4 × 4′ box culvert) for a 24-hr period.  Fish netted 
during these times will be identified, measured and counted.  Any unidentified fish will be 
preserved in 10% formalin for later identification.   

Performance Indicator 3D: Duration and frequency of inundation of land affected by setbacks. 

Rationale:  Connectivity between the floodplain and the river is vital for ecosystem processes 
(e.g., nutrient cycling) and for providing essential resources for fish and wildlife (e.g., spawning, 
refugia, food, etc.).  Disconnection eliminates the transfer of nutrients between the river and its 
floodplain leading to reduced resources for wildlife.  Project features are designed to setback the 
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levee along the Salt River.  The setbacks will re-connect the river to areas previously 
disconnected allowing for nutrient exchange to resume.   

Expected Outcomes: Currently the land behind the Salt River levee is completely disconnected 
except during high flood events which overtop the exterior levee.  With the levee setback, 
floodplain areas will be re-connected to the river.  The duration and frequency of inundation in 
these areas should increase above existing condition by end of construction.   

Monitoring and Measurement: Duration and frequency of inundation of the reconnected 
floodplain areas will be recorded by site staff to determine how often these areas are subject to 
flooding from the Salt River.  
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FIGURE 1.  Schematic of subplots located within the 1.1 acre vegetation monitoring plot with 
1/5th (52.7 ft radius; blue arrow), 1/100th (11.8 ft radium; green arrow), and 1/1000th (3.7 ft 
radius; black arrow) acre sampling areas depicted.  Species and basal diameter of all trees ≥ 1.5 
in. dbh will be recorded in one 1/5th acre subplot (white circle).  Species and basal diameter of all 
trees ≤ 4.5 feet tall and ≥ 1.5 in. dbh will be recorded in five 1/100th acre subplots (horizontal bar 
circles).  Species and height of all trees < 4.5 feet tall will be recorded in five 1/1000th acre 
subplots (hatched circles).  This full monitoring protocol is applicable for the MDC setback.  If 
reforestation area does not contain any trees prior to planting then all seedlings within the 1/5th 
acre sampling subplot will be tagged and recorded (species and dbh).  
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