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ABSTRACT: This report summarizes the considerations and recommendations of an Environmental
Science Panel that was convened in early 2003 to provide guidance to the U.S. Army Corps of Engineers
and Upper Mississippi River (UMR) — Illinois Waterway (IWW) stakeholders regarding the restructured
UMR — IWW System Navigation Feasibility Study. Between January and April of 2003, the Corps
organized four Panel workshops to review and contribute to Navigation Study progress and to begin work
on several specific tasks. Those tasks required considerations of not only procedural steps anticipated
during the remainder of the Navigation Study, but also issues related to the future establishment of an
adaptive management process on the UMR — IWW. At the conclusion of the workshops, the Panel made
the following recommendations:

« Planning for a formal Adaptive Management approach on the UMR — IWW should be accelerated
and expanded to include multiple organizations and programs.

« Ecosystem goals and objectives developed so far through stakeholder input should be clarified and
integrated. A structured process for evaluation of the unavoidable trade-offs between the ecological
and economic values of the system should be established.

o Conceptual and simulation modeling should be established as vital steps in the adaptive management
process in order to:

1) Record the current state of the system.
2) Create a holistic “virtual” reference system.
3) Predict system-level outcomes of alternative actions and policies.

o Management actions available for implementation on the UMR — IWW should focus on attaining
goals and objectives at the system level—with appropriate attention to risk and uncertainty.

o« A UMR - IWW report card system and appropriate monitoring system should be developed to
evaluate system condition and attainment of objectives.

o Selected future management actions should be considered as experimental manipulations, which will
achieve stated objectives, enhance ecosystem health, and provide knowledge in a predictable and
structured way.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not
to be construed as an official Department of the Army position unless so designated by other authorized documents.
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Preface

The work reported herein was conducted as part of the Upper Mississippi
River — Illinois Waterway (UMR — IWW) System Navigation Study. The
information generated for this interim report will be considered as part of the
plan formulation process for the System Navigation Study.

The UMR — IWW System Navigation Study is being conducted by the
U.S. Army Engineer Districts, Rock Island, St. Louis, and St. Paul, under the
authority of Section 216 of the Flood Control Act of 1970. Commercial naviga-
tion traffic is increasing and, in consideration of existing system lock constraints,
will result in traffic delays that will continue to grow in the future. The system
navigation study scope is to examine the feasibility of navigation improvements
to the Upper Mississippi River and Illinois Waterway to reduce delays to com-
mercial navigation traffic and to consider ecosystem restoration needs related to
the Navigation System. The study will determine the location and appropriate
sequencing of potential navigation and improvements and ecosystem restoration
measures in the system, prioritizing the improvements for the 50-year planning
horizon from 2000 through 2050. The final product of the System Navigation
Study is a Feasibility Report, which is the decision document for processing to
Congress.

Charles H. Theiling, U.S. Army Engineer District, Rock Island, compiled
this report. Amy A. Lee, U.S. Army Engineer Research and Development Center
(ERDC) Environmental Laboratory (EL), Vicksburg, MS, recorded and compiled
Science Panel Workshop notes. Nicole M. McVay, Rock Island District, helped
record notes and prepare for the Science Panel Workshops. Angela G. Poovey,
ERDC, EL, helped record notes and prepare for the Science Panel Workshops.

This report was edited by Drs. Kenneth S. Lubinski, U.S. Geological Survey,
Upper Midwest Environmental Science Center, La Crosse, WI, and John W.
Barko, ERDC, EL. Each member of the Panel listed on page 5 contributed to
sections of the report.

COL James R. Rowan, EN, was Commander and Executive Director of
ERDC. Dr. James R. Houston was Director.



Chapter 1

1 Introduction

Purpose and Structure of the Report

The purpose of this report is to summarize and present the considerations and
recommendations of an Environmental Science Panel (Panel) that was convened
in early 2003 to provide guidance to the U.S. Army Corps of Engineers (USACE
or Corps) and Upper Mississippi River System-Illinois Waterway (UMR — IWW)
stakeholders regarding the restructured Upper Mississippi River-Illinois
Waterway System Navigation Feasibility Study (Navigation Study). Between
January and April of 2003, the Corps organized four Panel workshops to review
and contribute to navigation study progress and to begin work on several specific
tasks. Those tasks (see “Background and Panel Responsibilities” section below)
required considerations of not only procedural steps anticipated during the
remainder of the navigation study, but issues related to the future establishment
of an adaptive management process on the UMR — IWW.

The development of an adaptive management process to guide the coordi-
nated work of pertinent agencies and programs is the overarching theme of future
integrated efforts for the management of the UMR — IWW. This report is struc-
tured to present thoughts and recommendations in an order that reflects the parts
of the needed adaptive management process. First, background information
clarifies the role of the Panel and how they conducted business. A general
discussion of adaptive management and the broad issues that need to be
addressed on the UMR — IWW follow. Details of the major elements of adaptive
management are discussed: Goals and Objectives; Modeling; Management
Actions; Monitoring and Evaluation; and Adaptation and Learning. The report
ends with specific recommendations. To assure a common understanding of
terminology among the broad audience of this report, the Panel’s accepted
definitions of key terms are provided in Appendix A: Glossary.

We feel that the Panel has made significant progress in undertaking the
various tasks assigned by both the Corps and the Navigation Environmental
Coordinating Committee (NECC). Input from stakeholders and the NECC
contributed greatly to that progress. The role of science in adaptive management
is, by definition, iterative. For that reason, one of our recommendations is to
continue, in some form, the Panel’s role and responsibilities to objectively
evaluate progress and to regularly provide new scientific information to the
UMR — IWW management process.

Introduction



Background and Panel Responsibilities

In 1993, the U.S. Army Corps of Engineers began a study of the Upper
Mississippi River — Illinois Waterway navigation infrastructure to evaluate the
need to reduce navigation congestion at the system’s locks. The navigation study
focused on the economic costs and benefits of upgrading and expanding the
original 9-ft-channel project to include, among other potential measures, 1,200-
ft-long locks at some of the dams. Along with the economic analysis, a tradi-
tional environmental assessment of the expanded project was conducted between
1993 and 1999. Studies were made to understand both the physical and environ-
mental effects of an expanded navigational system with different levels of
improvement. Features and processes considered in these environmental studies
included: sediment resuspension, sediment deposition, turbidity effects on sub-
merged aquatic vegetation, fish and native mussels, and effects on shoreline
erosion. In addition, a cumulative effects analysis was conducted by a team of
nationally recognized environmental specialists matched with local experts (West
Consultants, Inc. 2000). In February 2001 the National Research Council (NRC
2001Db) suggested that the original environmental assessment was too narrowly
focused. The Council observed that the evaluation of environmental impacts was
limited to increased traffic effects alone and recommended the Corps expand the
environmental impact analysis of the navigation project to the entire river eco-
system. The Corps of Engineers Headquarters (USACE-HQ) adopted this stance
in August 2001 and restructured the navigation study to look at navigation and
environmental sustainability over a 50-year planning horizon with a new focus
on sustainability.

To execute this new mandate, the Corps first requested the help of stake-
holders in preparing a common vision for the future of the UMR — IWW. In
November 2001, the Economic Coordinating Committee (ECC) and the NECC
drafted the following vision statement:

“To seek long-term sustainability of the economic uses and
ecological integrity of the Upper Mississippi River System”

The following definition of sustainability was collaboratively developed and
agreed to by the group as well:

“The balance of economic, ecological, and social conditions so
as to meet the current, projected, and future needs of the Upper
Mississippi River System without compromising the ability of
future generations to meet their needs.”

The Corps next prepared a Project Management Plan to outline and schedule
the specific steps for the remainder of the restructured navigation study. The
navigation study and its objectives were described as follows:

The restructured Feasibility Study will focus on the authorized
Federal navigation projects on the Upper Mississippi River
System (including the Illinois Waterway) and the ecological and
floodplain resources that are affected by these navigation

Chapter 1
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projects. The objectives of this restructured Feasibility Study are
to relieve lock congestion, achieve environmental sustainability
in conjunction with ongoing navigation, and address ecosystem
and floodplain management needs related to navigation in a
holistic manner.

The Project Management Plan organized the proposed work of the Corps
during the navigation study into five tasks:

Task 1 — Establish Goals and Objectives for the Condition of the River
Ecosystem

Task 2 — Determine Management Actions

Task 3 — Establish Costs and Expected Outcomes

Task 4 — Perform Incremental Analysis (Analysis of Environmental Alternatives)

Task 5 — Perform Integrated Alternatives and Tradeoff Analysis

The Corps convened the Science Panel to obtain scientific expertise for these
tasks. Specific guidance from the Corps to the Panel was contained in a Scope of
Work, which is summarized below.

Work Required from the Panel Members:

e  Further develop and refine UMR — IWW conceptual models.

e Identify appropriate evaluation tools and data (e.g., GIS, numerical, and
empirical) that address ecosystem needs at multiple scales.

e Provide guidance in developing a process (that incorporates linkages and
sustainability) to establish environmental goals and objectives in a
standardized format throughout the entire UMR — IWW.

e Assist in identifying and evaluating management actions that focus on
the established environmental goals and objectives.

e Assist with developing and participating in an adaptive process of
establishing environmental alternative plans that seek to address
balanced local, river reach, and systemic ecosystem restoration needs.

The NECC clarified stakeholder expectation of the Panel in a letter that
expanded on the tasks presented in the Project Management Plan (listed above).
The following are excerpts from that letter grouped by subject:

Goals and objectives (identified at Corps-sponsored 2002 Stakeholder

Workshops)

“ ... your broader perspective should help confirm or counter that all the
essential goals and/or objectives are included.”

“ ... from a scientific perspective, are the goals and objectives measurable,
are they time-dependent, what metrics should be used, and/or suggestions for
performance evaluation.”

Introduction



Management actions

“ ... your broader perspective may provide additional innovative restoration
techniques that would benefit the adaptive management restoration plan.”

Costs and outcomes

“NECC expects the Science Panel to concentrate their expertise on Expected
Outcomes more than Expected Costs. The most important component of restora-
tion outcomes that river managers and scientists agree on is that each restoration
project or series of restoration projects will have an impact on river dynamics and
therefore adaptive management will be the cornerstone of any future restoration
of the Upper Mississippi River.”

Incremental analysis

“While no economic analysis experts have been identified to assist in the
valuation of non-traditional benefits, such as natural resource services, you may
help guide natural resource modeling efforts in conjunction with the economic
models.”

For consideration in the Science Panel’s deliberations, guidance was
provided in the following documents:

e Status and Trends Report (USGS 1999).

e UMR - IWW Cumulative Effects Report (West Consultants, Inc. 2000).

e Habitat Needs Assessment (Theiling et al 2000).

e Fish and Wildlife Interagency Committee (FWIC) Pool Plans (FWIC
2003).

e A River that Works and a Working River (Upper Mississippi River
Conservation Committee (UMRCC) 2001).

e Fish and Wildlife Work Group (FWWG) Pool Plans (FWWG 2003).

e Preliminary Description of Habitat Objectives and Estimated Costs
Report (UMRCC 2002).

o Stakeholder Goals and Objectives (DeHaan et al. 2003).

Panel Assumptions

As the Panel began synthesizing material for this report, it was recognized
that many of their recommendations were based on assumptions about future
adaptive management on the UMR — IWW. These are listed below to help
readers understand the context of the recommendations.

a. The Corps and other river stakeholders, because of their common interest
in seeking both economic and ecological sustainability on the

Chapter 1
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UMR - IWW, will work toward the establishment of an adaptive
management process.

b.  All stakeholders understand the need to work toward commonly accepted
goals that will improve the whole system, encompassing both economic
and ecological values.

c. The adaptive management process will include active stakeholder partici-
pation in defining “balance” between economic and ecological condi-
tions and values.

d. The adaptive management process will include regularly scheduled
objective assessments of UMR — IWW economic and ecological condi-
tions and use those assessments to take appropriate action to achieve a
long-term sustainable economy and a sustainable ecosystem.

Participants
Members of the Science Panel:
Dr. John W. Barko — Co-Chair, U.S. Army Corps of Engineers, Engineer

Research and Development Center — Environmental Laboratory, Vicksburg, MS

Dr. Kenneth S. Lubinski — Co-Chair, U.S. Geological Survey, Upper Midwest
Environmental Science Center, La Crosse, WI

Dr. Mark B. Bain, Cornell University, Center for the Environment, Ithica, NY
Dr. Steven M. Bartell, Cadmus Group, Inc., Maryville, TN

Mr. Gordon Farabee, Missouri Department of Conservation (retired), Palmyra,
MO

Dr. Robert B. Jacobson, U.S. Geological Survey, Columbia Environmental
Research Center, Columbia, MO

Dr. Carl E. Korschgen, U.S. Geological Survey, Columbia Environmental
Research Center, Columbia, MO

Dr. Tatsuaki Nakato, Lucille A. Carver Mississippi Riverside Environmental
Research Station, Muscatine, IA (University of lowa)

Dr. John M. Nestler, U.S. Army Corps of Engineers, Engineer Research and
Development Center — Environmental Laboratory, Vicksburg, MS

Dr. L. Jean O’Neil, U.S. Army Corps of Engineers, Engineer Research and
Development Center — Environmental Laboratory, Vicksburg, MS

Dr. David M. Soballe, U.S. Geological Survey —Upper Midwest Environmental
Sciences Center (Current Affiliation: U.S. Army Corps of Engineers, Engineer
Research and Development Center — Environmental Laboratory, Vicksburg, MS)
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Regional Support Team:
Mr. Kenneth A. Barr — Co-Chair, U.S. Army Corps of Engineers, Rock Island
District, Rock Island, IL

Dr. Clinton A. Beckert, U.S. Army Corps of Engineers, Rock Island District,
Rock Island, IL

Mr. Robert C. Clevenstine, U.S. Fish and Wildlife Service, Rock Island Field
Office, Rock Island, IL

Mr. Robert D. Davinroy, U.S. Army Corps of Engineers, St. Louis District,
St. Louis, MO

Mr. Jon R. Duyvejonck, U.S. Fish and Wildlife Service, Rock Island Field
Office and Upper Mississippi River Conservation Committee, Rock Island, IL

Mr. Jon S. Hendrickson, U.S. Army Corps of Engineers, St. Paul District,
St. Paul, MN

Mr. Kevin J. Landwehr, U.S. Army Corps of Engineers, Rock Island District,
Rock Island, IL

Mr. Charles H. Theiling, U.S. Army Corps of Engineers, Rock Island District,
Rock Island, IL

Mr. Daniel B. Wilcox, U.S. Army Corps of Engineers, St. Paul District, St. Paul,
MN
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Chapter 2

2 Adaptive Management
for the UMR - IWW

Definition

As implied in its name, adaptive management prescribes a management
process wherein management activities can be changed in relation to their
efficacy in restoring and/or maintaining an ecological system in a specified
desired state or ecological potential (Gunderson and Holling 2002). The desired
state may specify some precisely defined structural condition, or more realisti-
cally, a range of structural conditions; desired state can also specify rates of
ecological processes or some description of biotic potential (e.g., energy capture
and processing or production). A key component in adaptive management is the
establishment of a feedback mechanism wherein characterization of current
conditions (monitoring) can be used in conjunction with an understanding
(model) of the system to alter management actions, if necessary, to produce
future system conditions compatible with the desired state. Successful adaptive
management requires the support of stakeholders and collaborative institutional
arrangements to plan and implement a river management program that is based
on the best available knowledge. These institutions must also have the capability
to evaluate management activities, to learn from experience, and to alter
management accordingly. Adaptive Management is prescribed for the UMR —
IWW because it provides a structure for action while addressing and resolving
the uncertainties facing UMR — IWW agencies and stakeholders.

Walters (1986) offers three ways to structure environmental management as
an adaptive process: (1) evolutionary (trial and error), (2) passive adaptive, and
(3) active adaptive. Evolutionary adaptive management defines a management
approach that attempts to achieve desired conditions through educated guesses
and accumulated knowledge of system response to previous management activi-
ties. The benefits of this largely trial-and-error approach include comparatively
low costs in implementation. The main drawback is the potentially low effective-
ness in achieving management goals and objectives. Another negative aspect of
this approach is the informal and minimal investment in gaining an under-
standing of system dynamics as the result of management.

Passive adaptive management describes a management approach that uses
current understanding of the system to change management actions in response to
monitoring conditions that change as a result of the “natural” range of perturba-
tions to the system. An advantage of passive adaptive management is learning to

Adaptive Management for the UMR-IWW



manage effectively by monitoring system conditions, undertaking management
actions in light of current understanding, and determining the utility of the
management actions toward obtaining conditions consistent with management
goals and objectives. One limitation of this approach lies in developing manage-
ment capabilities that are effective only within the range of conditions experi-
enced during management. Passive adaptive management may provide sufficient
management capability for a reasonable range of system conditions, yet preclude
the development of management skills necessary to correctly respond to highly
episodic circumstances (e.g., 1993 flood).

Active adaptive management views management actions as purposeful and
uses scientific experimental manipulations of the system (e.g., Walters and
Holling 1990) to increase understanding of system behavior in the short term and
as a result, achieve management goals and objectives in the long term. A sub-
stantial advantage of active adaptive management over passive adaptive manage-
ment is the ability to structure management actions in order to achieve the
greatest scientific information content, and thereby assure the greatest relevance
of science to management decision-making. Active adaptive management
encounters a “dual control” problem, where trade-offs between short-term gains
in understanding through system manipulation must be weighed against the
probability that such manipulations might produce substantial and irreversible
changes that reduce the likelihood of achieving the long-term desired conditions.

Uses and Benefits of Adaptive Management

One of the main benefits of adaptive management is the development of an
approach to management and decision-making that is iterative and flexible. This
iterative approach, in contrast to more centralized “command and control”
management, emphasizes that management actions can be viewed as experi-
mental manipulations of the system. The results of the manipulations can be
monitored, and future management decisions can then be informed based on the
outcomes of previous decisions. A second important benefit of adaptive manage-
ment lies in the opportunity for scientists and managers to collaborate in the
design of novel and imaginative solutions to the challenges of managing complex
and incompletely understood ecological systems (Walters and Holling 1990).
Alternative management actions can be stated as hypotheses and addressed from
the perspectives of experimental design and decision analysis. The probable
outcomes of management alternatives and the values of such outcomes can be
estimated in relation to management goals and objectives. The adaptive approach
recognizes that uncertainty is unavoidable in managing large-scale ecological
systems. The third benefit is that uncertainty can be formally analyzed and
exploited to identify key gaps in information and understanding. The results of
uncertainty analyses can be used to efficiently allocate limited management
resources to research and monitoring. The large variation in river conditions from
north to south in the UMR — IWW contributes to uncertainty and points as well
to the need for an adaptive management approach. Adaptive management is
considered key to attaining desired future conditions on the UMR — IWW,
considering the dynamic nature of river features spatially as well as through time.

Chapter 2 Adaptive Management for the UMR-IWW
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Adaptive Management Concepts

Sustainability

Sustainability is generally defined as maintaining the quality of human life
while living within the carrying capacity of supporting ecosystems (International
Union for Conservation of Nature and Natural Resources (IUCN) 1980). Richter
et al. (2003) introduce the concept of ecological integrity in their definition of
ecologically sustainable water management which: “...protects the ecological
integrity of affected ecosystems while meeting intergenerational human needs for
water and sustaining the full array of other products and services provided by
natural freshwater ecosystems.” The Corps planning process defines sustain-
ability in the more practical terms expected of a water resources development
agency tasked with balancing development and environmental as “A synergistic
process whereby environmental, economic, and societal considerations are
effectively balanced in Project Planning, Design, Construction, Operation and
Maintenance in meeting the needs of the present without compromising the
quality of life for future generations.” This report attempts to develop an
approach to management of the UMR — IWW in a sustainable fashion, both in
terms of the general definition of sustainability (IUCN 1980) as well as the more
facile Corps of Engineers definition (EC-1105-2-404).

Ecological integrity

The concept of ecological integrity is often used as a descriptor of quality or
health of the ecosystem, and a goal of sustainable ecosystem management. Karr
and Dudley (1981) defined ecological integrity as “the capability of supporting
and maintaining a balanced, integrated, adaptive community of organisms having
a species composition, diversity, and functional organization comparable to that
of natural habitats of the region.” Richter et al. (2003) state that ecological integ-
rity is protected when “the compositional and structural diversity and natural
functioning of affected ecosystems is [sic] maintained.” For highly altered
ecosystems like the UMR — IWW, the question arises whether the magnitude of
alteration precludes restoration of ecological integrity under these definitions.
The Panel believes that ecological integrity should benefit from improvements
and maintenance of biological diversity and ecosystem structure/function, even if
the system cannot be returned to pre-disturbance physical conditions, natural
species composition, or structure and function.

Baseline conditions

Baseline conditions are often used to describe systems, referring to the
condition of the system at some selected point, period in time, or both. For
ecosystems, a baseline can be a pre-project or pre-disturbance historic condition,
or the present condition. For the UMR — IWW, baseline conditions have been
variously identified as pre-European settlement (year 1800), pre-navigation
project (year 1850), pre-dam construction (year 1900), early post-dam construc-
tion (year 1940), or present conditions (year 2000). Older data to quantify
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ecosystem characteristics are sparse, but are instructive as to changes brought
about by human activity in the last 150 years.

The Cumulative Effects Report prepared for the navigation study (West
Consultants, Inc. 2000) documented physical and ecological changes on the
UMR — IWW from the 1930’s to year 2000, and forecasted future changes to
year 2050. For purposes of planning for a sustainable river ecosystem, the
authors acknowledge the historic changes to the UMR — IWW, and most often
refer to recent existing conditions (year 2000) as the baseline.

Reference conditions

Reference conditions are system conditions used to gauge progress of man-
agement from baseline toward some target system state. A “physical” reference
system can be a similar existing and relatively undisturbed ecosystem or area.
Given the scale and diversity of the UMR — IWW, no similarly sized and
relatively undisturbed river system exists in this region for use as a physical
reference. Smaller scale internal physical reference systems can be of use in
planning for river management and restoration projects (e.g., the unregulated
Lower Chippewa River in Wisconsin), where the area to be managed or restored
can be designed to have geometry, substrate, and hydraulic conditions similar to
the reference.

A “virtual” reference can also be constructed using a defined set of eco-
system attributes that, in combination, would define a sustaining, entire, and
socially desired ecosystem. For the UMR — IWW, we are in the process of
defining a “virtual” reference system by setting goals and objectives for the
system. This target set of future conditions will continue to be refined in the
future and will serve as the reference for purposes of the navigation study and
future UMR — IWW management and restoration.

Defining and applying the “reference conditions”

An important element of ecosystem restoration is a reference condition that
can serve as a template for restoration and the application of management
actions. Over a long time period, an ecosystem can be restored to be closer to a
reference condition through the combined effect of many smaller actions even in
the absence of a large-scale management and restoration program. A fairly
complete understanding of critical mechanisms regulating natural river eco-
systems is critical to holistic environmental restoration, since the restoration of
ecological processes and functionality is key to achieving environmental
sustainability.

A natural condition is the most defensible selection for a reference because
often a pre-impact, historical reference condition can be assumed to be sustain-
able. Snapshot comparisons made at time intervals between the reference and
impacted system can be used to determine the status (trajectory and momentum)
of the impacted system. Ecosystem integrity should increase as differences
between reference conditions and status of the impacted system decrease.
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Table 1
Strategies for UMR — IWW Restoration and Management

A dynamic blend of processes in natural rivers establishes and maintains their persistence, supports populations of
desirable fish and wildlife, and defines river ecosystem integrity. Restoring a perturbed large river ecosystem to a
state of integrity can be approached in several ways (reviewed in Cairns (1990)). Two of these approaches were
evaluated for applicability to the UMRS in order to propose a river restoration strategy that embodies aspects of
both approaches.

Self-Recovery to a Natural State

Conceptually, transforming a system to a pre-disturbance condition is the simplest form of restoration and, where
feasible, is the preferred foundation of ecosystem restoration. Self-recovery to a natural state implies that the
system will revert to a pre-disturbance state on its own with no requirement for human intervention. A significant
portion of the UMRS is regulated by a series of locks and dams and other structures that are used primarily to
increase low discharge water depths and concentrate flows in the main channel for the purpose of maintaining
navigation. The UMRS has been continuously modified from its natural state over many decades by changes in
land use in the basin, navigation traffic, dredging and material placement, channel structures, tributary impound-
ments, alteration of the floodplain through levees and development, and climate change. Limited information is
available to provide a detailed description of the historical condition of this river for use in defining the natural
state. Therefore, the desired future condition of the UMRS ecosystem cannot be based on pre-navigation project
natural conditions. Restoration of the UMRS cannot practically include a return to a natural state, because such a
state would not support commercial navigation and many other economic goods and services that society has
come to expect from the river. In any case, the river will not self-restore to a pre-disturbance condition in the
foreseeable future, because of the fundamental barriers presented by the engineering structures.

Rehabilitation of Select Ecosystem Processes and Characteristics

Recently, before the management of ecosystems was embraced, it was common practice (and still is today, owing
to legal and economic pressures) to manage land and water resources in support of a limited number of charac-
teristics (e.g., selected habitats) or charismatic species (e.g., selected sport fish, waterfowl, or endangered
species). With neither an ecosystem perspective nor an understanding of natural river function, there is a danger
that such management actions will become a disjointed series of expensive engineering fixes in discrete managed
areas. Inattention to how the original ecosystem functioned as a whole makes selective rehabilitation speculative,
unlikely to achieve widespread success, and unlikely to be sustainable. It is therefore critical that restoration
actions be planned and implemented with a fairly complete knowledge of key riverine and ecological processes,
so that restoration and management actions can be selected to capitalize on that knowledge. Here, it is assumed
that the restoration of key processes (rather than selected habitats) will result in a return to more natural and
sustainable conditions. With this approach, improved process understanding may need to derive from studies of
similar, but unregulated rivers or from portions of the UMRS that remain relatively unaffected by river regulation.

Establish an Alternative Ecosystem

Establishing an alternative river ecosystem for which no natural analog is available is the most challenging of the
restoration alternatives listed by Cairns (1990). This challenge is particularly severe if the objectives for
establishing an alternative river ecosystem include sustainability and self-maintenance because lack of a natural
analogue, by itself, implies that the alternative river ecosystem may not be persistent over long time periods. The
authors suggest that, although most difficult, this option is the best choice for restoration of the UMRS (see
Section titled “Establishing Goals and Objectives.”).

Improvements in ecosystem health and integrity can be assumed when important
processes in the impacted system appear to be generally consistent with reference
conditions. Therefore, the best strategy to ensure successful restoration is to
either use a natural reference river as a template or to develop a sufficient
understanding of the ecosystem so that sustainable reference conditions can be
devised through adaptive management.
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The importance of natural reference conditions and knowledge about natural
rivers cannot be overemphasized. Bayley (1995), Poff et al. (1997), and Richter
et al. (2003) (among others) document that river-floodplain ecosystems are
sustained through complex interactions among physical, chemical, and biological
processes. Sparks et al. (1990) argue that disturbance and recovery of large rivers
cannot be understood without a detailed understanding of the complex, “normal
behavior” of the river-floodplain system.

Adaptive Management Elements
Establishing goals and objectives

Planning for restoration of the UMR — IWW, without a natural analog, will
face two major challenges (posed as critical questions below) that must be
addressed to ensure continuance of a sustainable and self-maintaining ecosystem,
exhibiting measurable features of ecological integrity comparable to a natural
system.

e How can priorities for resource features (e.g., habitat and associated
biota) in time and/or space be assigned in attempting to achieve a desired
future condition?

¢  What dynamic blend of processes will be required to reduce ecological
maintenance costs, support desirable populations of fish and wildlife, and
provide ecosystem goods and services in a sustainable manner?

The answer to the first question was actively pursued by the Corps in a series
of workshops held in the basin in which “stakeholders” (primarily resource
managers and the public) were requested to identify specific goals and objectives
for those parts of the UMR — IWW in which they had responsibilities and
interest. These goals and objectives were further consolidated and analyzed by
the Panel. They collectively represent approximate attributes of a desired future
condition for the UMR — IWW, as perceived by participants in the stakeholder
workshops. For purposes of restoring and managing the river to attain these
attributes, a relatively complete understanding of the underlying ecological
processes will be required. Through adaptive management, river managers will
be able to learn which processes are key, and among them, which processes are
most sustainable over the long term in support of desired future conditions.

This set of goals and objectives should be considered a first approximation.
Some of the objectives are mutually exclusive, and some are unattainable. The
spatial and temporal specificity of many of the objectives needs to be refined.
Inevitably, this set of goals and objectives will be refined and revised as river
management and restoration proceeds. This can be done systematically through
an adaptive management process.

The second question is also difficult. No natural examples exist for large,
regulated rivers like the UMR — IWW. Hence there are no existing models to
indicate precisely how the UMR — IWW should function. Large river analogues
are relatively few in number, widely dispersed across continents, and have been
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generally subjected to anthropogenic impacts for hundreds of years. Recon-
structing historical ecological conditions as a means of developing a reference
river condition is difficult, because most large rivers were impacted many years
ago. Further exacerbating this problem is the reality that data pertinent to the
restoration of large rivers are limited.

The concept of a “virtual” reference is proposed as a solution to the problem
of “no suitable reference.” The virtual reference approach establishes reference
conditions by integrating information from multiple sources. For the UMR —
IWW, reference information is available from at least three different sources.
First, some historical information is available for parts of the Mississippi River,
and many map products are being adapted to modern GIS tools. While incom-
plete, the historical information can provide valuable insights into processes that
existed before and during alteration. For example, water quality conditions in
different parts of the historical channels and floodplain can be inferred from early
elevation surveys of the system coupled with hydraulic modeling because water
quality patterns are heavily influenced by hydraulic residence times. By com-
paring residence time of water in different parts of the historical and present
system, insight can be gained into the restoration of biogeochemical processes in
the present system. Second, the UMR — IWW should be inventoried to identify
specific areas that can be classified as “internal references,” because these areas
support valuable living resources and appear sustainable within the existing
system. These areas should be studied and assessed to determine blends of
processes that are sustainable within the present ecosystem. Criteria used in the
establishment of these internal reference areas should be based on knowledge,
albeit limited, of historical physical and biological conditions.

An independent source of information to determine target ecosystem condi-
tions can perhaps be obtained from rivers outside the UMR — IWW. Information
from medium to higher-order streams and rivers nearby and/or interconnected to
the UMR — IWW (e.g., the Lower Chippewa River in west central Wisconsin)
can perhaps be extrapolated to large rivers. A principle components analysis of
the world’s large rivers demonstrates that the Mississippi River is somewhat
similar to the Parana River of South America.' The Parana River, unlike the
southern reaches of the UMR — IWW, remains substantially connected to its
floodplain. Thus, appropriate studies on the Parana River may provide useful
insight into pre-existing conditions on the UMR — IWW for purposes of eco-
system restoration. Without recovery of both temporal and spatial patterns of
floodplain connectivity in the UMR — IWW, it may be impossible to restore
biodiversity, the general baseline of natural processes, and habitat complexity—
all critical end points in the restoration of large river systems. Alternatively, it
may be possible to create spatial and temporal conditions of slack water and high
flow that are functionally analogous to backwater and main channel areas of
unregulated rivers.

' Personal Communication. N. Oldani and C. Baingun, University of Iowa, Iowa City.
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Increasing understanding through models

Predicting outcomes of management decisions requires projections of eco-
system responses before restoration and management measures are implemented.
These projections must be made with full realization of the vagaries of nature in a
dynamic context. The time frame over which restoration and management
measures are implemented could be indefinite — as suggested by the many
definitions of sustainability. Adaptive management decision-making will
unavoidably and extensively rely on the use of ecological and environmental
models for such projections.

The kinds of models supporting the decision process will likely range from
simple empirical rules, to more rigorous statistical tools, to complex ecological
models of populations, communities, ecosystems, and landscapes. Regardless of
the nature of the models, each must to be able to translate effects of manipula-
tions of environmental conditions to associated responses of resources of con-
cern. Furthermore, these models must be inherently straightforward, and their
outcomes readily understood by stakeholders. Existing models that are capable of
translating management actions into estimated outcomes for resources of concern
in the UMR — IWW System will need to be identified. The ecological modeling
literature is extensive and diffuse, and the identification and evaluation of models
for application can prove challenging (Pastorok et al. 2002).

Based on existing information and conceptual modeling, a first-generation
virtual reference template could be valuable in evaluating goals and objectives in
view of site-specific and regional differences in hydrologic, water quality, and
physical features. This reference could also be valuable in identifying potential
inconsistencies between goals and objectives, particularly on a local scale. The
present UMR — IWW (based on Long Term Resource Monitoring Program
(LTRMP) monitoring and other sources of information) could be compared to the
virtual reference template to develop prioritized actions comprising an integrated
restoration plan. A first generation virtual reference template (perhaps in map
form) for the UMR — IWW could be created from the outputs of relatively simple
engineering models that simulate the hydrology, transport, and physico-chemical
conditions in the rivers.

Many excellent hydraulic models for the system are presently available, and
routinely used to develop stage-discharge relationships. Information on water
stages associated with a particular operation can be used to generate maps of
inundation depth contours using GIS. Depth and duration of inundation are good
predictors of the potential coverage of submerged and riparian vegetation. Higher
trophic levels can be added later to this foundation using accepted methods,
many of which are described in this report. This first-generation model would be
valuable in evaluating goals and objectives on the basis of site-specific and
regional hydrologic, water quality, and physical structures. By incorporating
goals and objectives into the structure of the model, the model could be used as a
reference for desired future conditions. The present UMR — IWW can be
compared to the desired future condition to prioritize management actions in an
integrated restoration plan. Quantitative numerical modeling can later be used to
create much more sophisticated virtual reference systems, based on fundamental
principles of river ecology, as a guide to river management.
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Implementing management actions

The scales of potential management actions vary considerably in time and
space. They range from widely and frequently applied routine management
actions to large habitat restoration projects that might be constructed only once.
Some management actions such as navigation dam gate operation are routine,
conducted daily at all the dams in the river system. Other management actions
such as channel maintenance dredging are also routine, but are conducted at
specific locations (dredge cuts) at varying frequencies ranging from twice a year
to once in decades. Some management actions such as removal of invasive plants
or timber harvesting are only implemented in selected areas as needed. Many
management actions involve major construction that would be implemented
infrequently and in selected areas as part of a habitat restoration project.

Planning and applying these actions in the context of adaptive management
entails the selection and use of specific management actions with the intention of
restoring or maintaining the current system to those conditions defined by the
goals and objectives. Where alternative management actions can produce the
same desired conditions, the decision will involve selection of the “best” combi-
nation of alternatives — consistent with Corps planning and guidance procedures.

The traditional Corps planning process is an iterative one that generally
follows this sequence: 1) evaluate problems and opportunities, 2) inventory
existing and forecast future conditions, 3) formulate alternative plans, 4) evaluate
alternative plans using models, 5) compare alternative plans, and 6) select and
implement a plan. The process notably lacks post-implementation evaluation and
learning steps.

UMR — IWW stakeholders have significant experience implementing restora-
tion measures on the UMR — IWW through the Environmental Management
Program Habitat Rehabilitation and Enhancement Projects (HREP) and other
Corps, Federal, and state authorities. Since 1986, 64 HREPs affecting almost
140,000 acres have been planned, designed, or constructed. Various Federal and
state agencies manage timberlands, wetlands, and grasslands on a routine basis.
States have varied specific responsibilities for managing fisheries and wildlife.
All of these activities benefit from interagency coordinating committees and
project teams, but there are clear inconsistencies and deficiencies in current
institutional arrangements and management schema.

Monitoring and evaluation

Economically feasible, logistically practical, and scientifically defensible
monitoring programs are critical to using the adaptive management framework.
Monitoring is the tool for establishing feedback between decision-making and the
effectiveness of decisions in achieving management goals and objectives. While
the models forecast probable future system states in relation to decision-making,
monitoring characterizes actual system states subsequent to management actions.
Of central importance, the feedback from monitoring to the decision-makers
provides the ‘adaptive’ feature that is the basis of adaptive management.

Adaptive Management for the UMR-IWW
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Informative monitoring programs must specify what is to be monitored
(assessment endpoints in the language of risk assessment) to usefully describe the
system state in relation to management goals and objectives. Appropriate scales
must be addressed as well (e.g., Gardner et al. (2001)). These spatial and
temporal scales include:

e The environmental/ecological scales that provide for the most accurate
and precise measures of the endpoint, i.e., the characteristic scale of the
monitored entity or process.

e The scales of monitoring, i.e., the extent, locations, and frequency of
sampling and analysis permitted by available resources and technical
monitoring capabilities.

e The scales of management, i.e., the scales in space and time determined
by management actions, e.g., locations, frequency, and amount of
dredging.

The results of monitoring also provide information that leads to under-
standing from which effective models derive. Monitoring further provides data
for estimating initial conditions and parameter values of models used in support
of Adaptive Management. Monitoring results can also be used to describe and
decipher differences between forecast and measured system response to
management actions. Models can be revised and improved through model-data
comparisons afforded by monitoring. An effective monitoring plan can facilitate
enhanced learning from management actions to improve future applications.

Challenges to Implementing an Adaptive
Management Process

The goals and objectives of the Revised Navigation Study have been formu-
lated in the context of economic and environmental sustainability. These goals
and objectives will be translated into management actions applied to a large and
complex environmental system — the UMR — IWW. The combination of desired
sustainability, large-scale environmental improvements, and system complexity
justifies the use of an adaptive management approach to management and
decision-making. In fact, it is difficult to think of an alternative management
approach for this large-scale river and floodplain ecosystem. Notably, however,
there are some significant challenges to putting an effective adaptive manage-
ment program into practice. Walters (1997) identifies the following four
challenges:

e Modeling in support of adaptive management is often replaced by never-
ending model development and modeling exercises with the presumption
that detailed modeling can replace field experimentation in defining best
management practices. There are also technical issues (e.g., accuracy,
reliability, uncertainty, etc.) associated with the development and use of
models in adaptive management. The most difficult technical issue may
be the cross-scale linkages among physical (hydrodynamic), chemical

Chapter 2 Adaptive Management for the UMR-IWW



Chapter 2

(water quality), and ecological models that are necessary in using the
models to design and evaluate management alternatives.

e Using active adaptive management in the context of system manipula-
tions as large-scale experiments often is viewed as excessively expensive
or ecologically risky, compared to traditional management approaches.
Indeed costly modeling studies may be needed to select effective man-
agement alternatives/manipulations. Follow-on monitoring programs
certainly add to the costs of adaptive management, and the manipulations
themselves may result in economic losses (lost revenues from reduced
navigation in the case of a pool level drawdown, as an example). Addi-
tionally management manipulations might result in unanticipated effects
on non-target populations or resources with unacceptable consequences.

¢ People in management bureaucracies often oppose experimental manage-
ment policies (i.e., adaptive management) in order to protect self-
interests and retain the status quo. Complex institutional settings involv-
ing multiple agencies with overlapping responsibilities and legal man-
dates can lead to interference in operations and resistance to proposed
changes in management policy.

e Value conflicts often occur within the community of ecological (e.g.,
preservation) and environmental (e.g., conservation) management
interests. In some cases, these conflicts can run deeper than more
traditional conflicts between ecological and industrial (e.g., power
production, navigation) values.

In addition to the challenges identified by Walters (1997), the current plan-
ning and guidance procedures (USACE 1990) that have directed Corps activities
in the past may require modifications that facilitate the practice of adaptive
management. For example, identification of a ‘best’ management plan (i.e.,
National Economic Development plan) seems to run counter to the basic
philosophy of adaptive management, wherein the best current plan might well
change in the future. Identifying a best plan might have to be replaced by
identifying or describing the most effective process for performing adaptive
management. Yet in the context of adaptive management, even ‘the best adaptive
management process’ defined a priori as the result of a feasibility study might
change during the course of management. So, the potential incompatibility of
current planning and guidance with directives to embrace sustainability and
practice adaptive management might require modifications to such guidance
(Martin and Stakhiv 1999). In addition, it is not clear how efficiently adaptive
management can be practiced within the framework of the NEPA, which
typically requires selection of a well-defined alternative.

Designing and Maintaining Institutional
Arrangements

The Panel was not asked to review current institutional arrangements on the
UMR - IWW or to recommend changes, but we are aware that institutional
alternatives have been evaluated in the past (UMRBC 1982) and that the Corps
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will be including a discussion of potential institutional arrangements in the
feasibility report. The Panel does recognize, however, the importance of the
positive or negative effects that an institutional arrangement can have on building
and maintaining an adaptive management approach. The following questions and
discussion are offered to encourage constructive future comparisons of existing
and proposed institutional arrangements from the perspective of their value in
facilitating adaptive management.

1. Does the institutional arrangement provide a formal, clear, and effective
process for using available, accurate scientific knowledge to plan corrective
action?

¢ Institutional arrangements must promote a consensus-based, collective
understanding of current UMR — IWW ecosystem conditions, and use
that understanding as the primary basis for action.

¢ Institutional arrangements must provide for regular review and updating
of the collective understanding.

¢ Institutional arrangements must facilitate effective dialog about system
conditions and stressors among technical, management, and stakeholder
groups.

¢ Institutional arrangements must encourage rigorous scientific verification
of “conventional wisdom.”

2. Does the current system provide for objective learning and inference
based on the results of actions?

¢ Institutional arrangements must support actions that are designed to
improve the information base while achieving specific ecological
objectives.

e Institutional arrangements must facilitate shared learning from actions
taken outside the system.

3. Does the institutional arrangement include mechanisms to assure that
management actions are accountable to the adaptive management process?

¢ Institutional arrangements must assure stakeholder groups that their goals
and objectives are sufficiently considered within the management
process.

¢ Institutional arrangement must assure technical and scientific groups that
their understanding is sufficiently considered within the management
process.

Surmounting Barriers to Adaptive Management

It is not easy to anticipate the extent to which the previously described
barriers will influence the implementation of adaptive management in the context
of the Revised Navigational Feasibility Study. Several important steps
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highlighted below have been undertaken that might be of value in surmounting
these barriers and facilitate the effective use of adaptive management in
managing the UMR — IWW System:

A comprehensive conceptual environmental model (Lubinski 1993, see
“Conceptual Models” in Chapter 4) relevant to managing the UMR —
IWW has been developed. The model was used to help guide the
identification, organization, and selection of management goals and
objectives consistent with the sustainability directives that have reshaped
the navigation study.

The long-standing and continuing relationship between the Corps and
key stakeholders (i.e., NECC, ECC) provides a mechanism for sharing
information, exchanging ideas, identifying concerns, and creating
solutions in the context of adaptive management and sustainability in the
revised study. Whether that mechanism is effective enough to support a
more extensive adaptive management approach is something that only
the community of stakeholders can judge.

Peer review has been established, in part through the assembly of this
Panel, to evaluate the technical aspects of environmental sustainability in
the context of the evaluation of goals and objectives, as well as models,
data, and other tools needed to practice adaptive management. The
continued involvement of this or a reconstituted Panel, as a permanent
feature of a future adaptive management process/practice, needs to be
assured.

The Corps has accumulated experience in the use of complex hydro-
dynamic and ecological models in assessing ecological risks posed by
commercial navigation. The important cross-linkages among these
models have been worked through and the models appear amenable for
applications in adaptive management, as well as for continued evaluation
of risks posed by commercial (and recreational) navigation.

Adaptive Management for the UMR-IWW
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3 Environmental Goals and
Objectives

The Panel devoted a large fraction of its time structuring a set of environ-
mental goals and objectives that were inclusive of stakeholder inputs and con-
sistent with a sustainable river ecosystem. Goals in the context of river ecosystem
management and restoration are an articulation of societal values and desired
future conditions and are generally broad in nature (Harwell et al.1999). Goals
are further defined by objectives and endpoints. Objectives are specific targets
(measurable, time-bound) for ranges of ecosystem conditions that define the
desired ecosystem state. Endpoints are the selected conditions used to measure
attainment of objectives. Endpoints have metrics (units of measurement, resolu-
tion, certainty, target dates) that enable quantitative assessment of progress
toward the objectives and goals.

Clearly defined goals, objectives, and endpoints for river system manage-
ment and restoration are essential. Rogers (1998) suggests:

...too few ecologists and managers spend enough time in collab-

orative efforts to unambiguously define the end points (Costanza
1992) or desired conditions (Christensen 1997, Rogers 1997) of

the system being managed; in other words, coming to consensus

on the job to be done and goals to be achieved.

Goals for sustainability (refer to definition in previous chapter) of the river
ecosystem and quantitative objectives for its condition provide a framework for
restoration and management. Planning for integrated river management, includ-
ing navigation system infrastructure expansion; navigation system operation and
maintenance; habitat protection, enhancement, and restoration; fish and wildlife
management; management of river recreation; floodplain management; and water
quality management should be conducted in the context of a set of clear goals
and objectives for condition of the UMR — IWW ecosystem. These goals and
objectives are being set collaboratively, with participation of the community of
river stakeholders.
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Goals from Previous UMR - IWW Plans and
Reports

Many goals for the condition of the UMR — IWW ecosystem have been
proposed in various management proposals and plans. Most previous efforts to
plan for river management focused on either management actions or institutional
arrangements for river management, rather than the condition of the river eco-
system. Recent efforts that have recommended goals and objectives for the
UMR — IWW or Illinois River have been sanctioned by interagency and non-
governmental organizations (Upper Mississippi River Conservation Committee
2001, The Nature Conservancy 1998). Notably lacking in most of the historic
and existing management plans and proposals are quantitative objectives for the
desired ecosystem condition. The recently conducted EMP Habitat Needs
Assessment (Theiling et al. 2000) was the first multi-agency-sanctioned and
supported effort to set objectives for the condition of the UMR — IWW
ecosystem.

The Panel summarized purpose statements and goals from existing Upper
Mississippi River System planning documents prepared between 1980 and 2001.
Purpose statements from the reports are listed in Table 2. Goals from each docu-
ment were listed by topic and the topics addressed in the goal statements are
summarized in Figure 1. Many of the “goals” were more accurately described as
recommendations about institutional arrangements, “how-to” strategies, calls for
studies, and other planning activities, but few plans actually presented goals and
quantifiable objectives for the condition of the ecosystem or defined a future
condition. This review focused on environmental goals for UMR — TWW
ecosystem management, but many of the reports that were reviewed also
included economic, institutional, recreation, and other goals.

There has been an evolution over time in the types of goals for UMR — IWW
river management and their level of specificity (Figure 1). The Upper Mississippi
River Conservation Committee (UMRCC) was one of the first inter-agency
groups to address UMR — IWW environmental issues. It was formed by fisheries
managers in 1943 with the purpose to “Promote the preservation and wise utiliza-
tion of the natural and recreational resources of the Upper Mississippi River
(UMR) and to formulate policies, plans and programs for conducting cooperative
studies.”

The first comprehensive plans for UMR — IWW management, initiated in the
1960’s with the Upper Mississippi River Basin Commission’s Level B recon-
naissance, were directed toward dredging, sedimentation, and point-source water
pollution. Goals were generally specific enough to be acted on without further
efforts to define objectives within goals.

As planning efforts matured through time, more information was obtained,
and some of the obvious big problems, such as point source pollution and
dredged material placement, were resolved or coordinated. Planners then identi-
fied needs for specific studies and monitoring. Habitat restoration also became an
important goal. Institutional arrangements for river management were refined as
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Table 2
Purpose Statements from Upper Mississippi River System
Planning Documents

Upper Mississippi River Main Stem Level B Study (Upper Mississippi River Basin Commission
1980): “The study thus is intended to provide a basis for future management and related resource
programs for the Upper Mississippi River Main Stem through a comprehensive resource
management approach.”

UMR — IWW Master Plan (Upper Mississippi River Basin Commission 1982): “The purpose of
the Master Plan study was to develop a “comprehensive master plan for the management of the
Upper Mississippi River System.” “This series of recommendations provides a balanced
comprehensive plan for the management of the System which recognizes its importance as an
economic, environmental, and recreational resource.”

Facing the Threat (Upper Mississippi River Conservation Committee 1993): “A resource as
complex and important as the Mississippi River cannot be successfully managed in bits and
pieces. A comprehensive ecosystem management strategy needs to be developed and
implemented for the Upper Mississippi River.”

Restoring the Big River (Robinson and Marks 1994): “This report proposes a Clean Water Act
framework for action to stop the Mississippi River’s further decline and to begin its restoration.”

Galloway Report (Interagency Floodplain Management Review Committee 1994): “To coordinate
and sustain water resource development consistent with national floodplain management goals, [a
complex of independently managed federal programs for navigation, flood damage reduction,
water quality improvement, natural resources protection and enhancement, and agricultural
production] need to be integrated using existing or modified institutional arrangements among
federal, state, tribal, and local agencies.” The committee went on to note that “Currently, no single
agency has federal or federal-state oversight responsibility for the range of activities within the
upper Mississippi River basin, or for ensuring that funding and performance among programs are
commensurate with national goals.”

McKnight Report (The McKnight Foundation 1996): “This report explores how the river and its
watershed comprise a dynamic, expansive, and highly complex system of natural and human
forces that influence each other as they continually evolve. This information is intended to provide
a more concrete framework for efforts to sustain and enhance the environment and economy of
the Upper Mississippi.”

Fish and Wildlife Interagency Committee (FWIC; USFWS 1995): “The FWIC will strive to
preserve the Upper Mississippi River floodplain for the enjoyment and use of this and future
generations.

Goal | — Environmental quality — To preserve and enhance the environmental quality, wild
character, and natural beauty of the River’s floodplain ecosystem.

Goal Il — Migratory Birds — To provide the life requisites of waterfowl and other migratory birds.
Goal lll — Fisheries and Aquatic Resources — To provide the life requirements of fish and other
aquatic plant and animal life occurring naturally along or in the Upper Mississippi River.

Goal IV — Other wildlife — To provide the life requirements of resident wildlife species.”

Upper Mississippi River Summit (Upper Mississippi River Summit 1996): “To seek long term
compatibility of the economic use and ecological integrity of the Upper Mississippi River.”

Upper Mississippi River System Status and Trends (U.S. Geological Survey 1999): “The
purpose of this report is to present, analyze, and discuss information about the ecological

condition of the UMR — IWW.”

Habitat Needs Assessment (Theiling et al. 2000): “The purpose of this Habitat Needs
Assessment is to help guide future habitat projects on the UMR — IWW.”

A River That Works and a Working River (Upper Mississippi River Conservation Committee
2001): “This report describes the critical elements of a strategy for operation and maintenance of
the Upper Mississippi River and its navigable tributaries.”

Chapter 3  Environmental Goals and Objectives




ejoIqd Jo |enuajod Aieuoinjons c_ﬁc_ms__ =
sassaoold Aieuonnjons pue [e2160]099 c_ﬁc_ms__ <
sa10ads aAneu jo suonendod ajqeln urgjuie| =
sadA} wa)sAs0oa aAljeu Jussaiday =<
swe( }e abessed ysi4 apinold <
sa108dg 2110X3 10} sAemyjed Janag <
Ajisianiq 1enqgeH anoldwij =
Ajjenp jeyngeH aroidw <
$90UEBQgJN}SIP |BINJEU JO BnjeA [eo160j0o8 aouByus Jo c_mE_mS__ <
AJIAjoBUU0D ule|dpoo)} |BNUUE 8oUBYUS 1O c_mE_mS__ x<| |x
uiseq Ayjjeay e jo Jed se uonouny o} Ayoeded asueyus 1o c_mE_mS__ <
AJljigeuleisns wea)sAsoos aoueyus 1o c_mE_mS__ <
$90UBQgJINISIP WO} 19A0231 0} AYljIge 8ouByud Jo c_mE_mS__ <
siejqey pue suonendod aAieu ajgeiA aoueyus Jo urejuiejy| <
sainonang bujuies] onayjedwAs Ajjejuswuoliaug =
juswabeeuy |oAs Jajepn x<| Ix[x
so109dg 39| 9oUBYUT pUE ‘DI0)SOY ‘DAIBSUOD) <
BJIIPIIM 10} seyisinbay 8417 epinoid X
£90IN0SaY by JoY)0 pue ‘sjue|d onenby ‘ysi4 Joj ajisinbay a)1 apinoid =
spaig "B\ pue |mopaiepn 10} sayisinbay 8)17 apinold <
(13) Aubsyu| [elusWIUOIIAUT =
spue uie|dpool aJ4inboy < =
uoneloisey jeliqeH XX X X<
uoneulplooy jeuonnisuj X|X| X x
Apnjs g Buioyuo| x[<|x<| [x]| [x
Ayeno serepm|  x [x|x P P x
uoiejusWIpas]  xIx|x XX
(uonezijsuueyd ‘des-du 6an) uoneziigels yueg| < [x|x =
sanss| buibpaig] x = =< =
uonoeadsyl X< |X|x[x x
N~ o
50| &
3| 2 lo
S |3 SIS
N =12 ol
@ o A B e
s | 8|2l o€
5 D
3| BERREI 121818l
olx|o |2 [l Ll K00 [ o))
c clce - | || 2|38
2 Sl= oz |2|S|2|Q[S
2l 1g1812@] s8] IT]%|s|sm
HEBEEREEEEEEREEEEE
al El_|=[Elx|5|Z|Elo] els|elx]E
[} o|l—|—|9° ole SNelo)|5|0h (2] o >
2l Oll=CI3E|Sle || RIS
> <I51SlelzlelBlElo 2|28
S| ele|E|2E|3 /<82 EEI55]5
5| slololdlslelolEE|5I5|E=I6

Chapter 3  Environmental Goals and Objectives

Figure 1. Summary of goal topics from previous UMR — IWW plans and reports
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collaboration required increased communication and shared responsibilities
among agencies in the late 1970’s and 1980s. Ecosystem management became
important in the 1990s and the goals for UMR — IWW natural resource manage-
ment were revised with the new emphasis on ecosystem management. Goals were
set for target species, species guilds, and habitat types, but they were broad
enough that measurable objectives and endpoints were also needed.

Increased scientific understanding of the UMR — IWW ecosystem resulted in
further refinement of natural resource management goals for the UMR — IWW,
emphasizing ecological integrity. Naturalization of the hydrologic regime and
connectivity of habitats along the river and floodplain became stated objectives
in several planning efforts. Invasions of economically and environmentally
damaging exotic species (e.g., zebra mussels and Asian carp) meant that objec-
tives for the exclusion and management of exotic species were also needed in
UMR - IWW management.

Work groups in the three UMR — IWW Corps of Engineer Districts
developed ecosystem management strategies for navigation pools and imple-
mented some changes in river system management (notably Pool Planning and
Water Level Management in St. Paul District, Pool Planning and Water Level
Management in Rock Island District, and Environmental Pool Management in
St. Louis District), but these strategies have not yet been combined into an
integrated approach to river management or formally adopted by management
agencies. Additionally, other river groups such as the UMRCC Fish, Wildlife,
Water Quality, and Vegetation Technical Sections or state conservation agencies
have prepared planning documents but similarly, these documents have not been
synthesized to represent an integrated approach.

Tiered Goals and Objectives for the UMR - IWW

In November 2001, the Navigation Study Environmental and Economic
Coordination Committees adopted the UMR — IWW Summit vision statement to
“Seek long term compatibility of the economic uses and ecological integrity of
the Upper Mississippi River” (Upper Mississippi River Summit 1996) as a first
tier goal. The UMR — IWW Summit participants also agreed to a definition of
sustainability, “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.”
This latter goal for sustainability of human society and ecosystems is adopted
from the Bruntland Commission (World Commission on Environment and
Development 1987) and has been endorsed by the five UMR — IWW states
(Illinois, lowa, Minnesota, Missouri, and Wisconsin) through the Upper
Mississippi River Basin Association and a 1997 Joint Governors’ Proclamation.

A tiered set of goals and objectives for the future condition of the
UMR - IWW is being developed as part of the Upper Mississippi — Illinois
Waterway Navigation Study (Table 3). In the first level, the broad goal of
sustainability is a directive from U.S. Army Corps of Engineers Headquarters,
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based on national and international
lici hich is similar to the visi Table 3
policies, which is similar to the vision UMR — IWW Higher Order Goals

tatement of the NECC/ECC.
statement of the First Tier Goal:

In 1994, the Upper Mississippi River
’ pp pp . The balance of economic, environmental, and
System Environmental Management social conditions so as to meet the current and

Program (UMR — IWW-EMP) and the future needs of the Upper Mississippi River

fecieainni R : System without compromising the ability of
Upper‘ MISSISSIPPI River Basin future generations to meet their needs.
Association sponsored a conference on

institutional arrangements for river Second Tier Goals:
management. Presenters related many e Maintain viable populations of native species in
situ.

examples of large ecosystem manage- . Represent all native ecosystem types across
ment efforts from around the world. their natural range of variation.
Several presenters offered goals for »  Restore and maintain evolutionary and

" t based ecological processes (e.g., disturbance
ecpsys €m managemen . ased on regimes, hydrologic regime, nutrient cycles,
principles from restoration and conser- etc.).
vation ecology. Partly in response to this . Integrate human uses and occupancy within

these constraints.

conference, the Upper Mississippi River

Conservation Committee (UMRCC
1995) endorsed a set of goals for condition of the river ecosystem from
Grumbine (1994), which were adapted as second-tier goals.

Objectives for Condition of the River Ecosystem

Objectives for condition of the river ecosystem have been reviewed and
synthesized by the Science Panel (Table 4). The objectives were compiled from a
number of sources, including “Working River and a River That Works”
(UMRCC 2001), from the Habitat Needs Assessment (Theiling et al. 2000), from
interagency efforts in two UMR — IWW Corps Districts to develop navigation
pool-scale plans (Fish and Wildlife Work Group 2003, Fish and Wildlife
Interagency Committee 2003), and from four navigation study-sponsored
stakeholder workshops held in November 2002 (DeHaan et al. 2003). At the
stakeholder workshops, over 2,500 spatially explicit objectives or management
needs were identified, entered into a computer geographic information system
(GIS), and a set of more general or “pool-wide” objectives were identified for
each navigation pool and river reach. A distinction was made between objectives
for condition of the river ecosystem and management actions.

The objectives identified collaboratively for the UMR — IWW are grouped
by essential ecosystem characteristics, or ecosystem features: biogeochemistry,
hydrology and river hydraulics, geomorphology, habitat, and biota (EECs, see
definition in Chapter 4 and Appendices B and C adopted for this study. The
objectives cover a wide range of ecological conditions both within the mainstem
river corridors and throughout the river basin, and there are a multitude of man-
agement actions available to affect them (Appendix D). The list of objectives is
long, befitting the scale and complexity of the UMR — IWW; many of the objec-
tives require further refinement to make them practical and quantitative. The
objectives were entered into a relational database (Appendix E), linking them to
the higher-level goals and management actions (see below).
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Table 4
Ecological Objectives and Need Statements (81 total)
Biogeochemistry

Achieve state water quality standards for all uses

Reduce contaminant loadings to the river

Reduce mobilization of sediment contaminants

Achieve state total maximum daily load (TMDL) standards

Reduce fine sediment loadings to the river

Reduce coarse sediment loadings to the river

Reduce nutrient (N and P) loading from tributaries to river

Reduce nutrient (N and P) export from UMR — IWW to Gulf of Mexico
Maintain adequate DO concentrations during ice-free periods for fish
Maintain adequate DO concentrations during winter for fish

Create thermal and velocity refugia (e.g. holes >3 m) in backwaters and channels

Maintain water clarity sufficient to support submersed aquatic vegetation, aquatic
invertebrates, and sight feeding fishes

Geomorphology

Increase the number and area of secondary channels

Increase depth diversity in secondary channels

Restore the channel geometry and floodplains of tributary rivers
Restore the channel geometry of tertiary channels

Increase the depth diversity in main channel border areas
Increase the extent and number of sandbars

Increase the extent and number of mud flats

Increase the extent and number of gravel bars

Increase the area and number of islands

Increase the area and number of rock and gravel riffles

Increase the extent and number of rock and gravel substrate areas
Increase the area and relief of ridge and swale topography in the floodplain
Increase topographic diversity and elevation of floodplain areas

Restore channelized tributaries in the mainstem river floodplains

Restore fluvial dynamics (e.g. channel avulsion - secondary channel - distributary
channels — etc.)

Reduce rate of delta formation

Increase the rate of delta formation

Increase connectivity between channels and contiguous backwater areas
Reduce connectivity between channels and contiguous backwater areas
Increase connectivity of floodplain areas

Reduce connectivity of floodplain areas

Increase extent of contiguous backwater areas

Increase the number and extent of isolated floodplain lakes

Increase the extent of unleveed floodplain at tributary confluences

Increase the extent of unleveed floodplain

(Sheet 1 of 3)
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Table 4 (Continued)

Hydrology/River Hydraulics

Naturalize hydrologic regime

Reduce stage and discharge fluctuations caused by dam operation

Restore desirable stage: discharge relationship

Restore or naturalize hydraulic interactions between the river and tributaries
Naturalize tributary discharge hydrographs - reduce effects of hydropower

Increase storage and conveyance of flood water on the floodplain

Provide desirable pattern of hydraulic conditions in tailwaters (e.g. increase area of
<0.3 m/sec current velocity - attract fish to fishways)

Provide pathways for animal movements through and across dams
Reduce wind fetch in open-water areas (e.g. backwaters and impounded areas)

Provide desirable current velocity and residence time in aquatic areas

Habitat

Restore and maintain a diverse mosaic of plant communities

Increase extent, abundance, and diversity of submersed aquatic plants
Increase extent, abundance, and diversity of emergent aquatic plants
Increase extent, abundance, and diversity of floodplain grassland
Increase extent, abundance, and diversity of floodplain shrub cover

Restore and maintain large contiguous grassland patches (>1000 acres)

Restore and maintain large contiguous forest patches (>1000 acres) with connected
corridors

Restore and maintain large contiguous wetland patches (>1000 acres) every 30-40 miles
Increase the extent, diversity, and successional variety of the floodplain forest

Increase the number and area of backwaters with suitable habitat for fish

Increase the number and extent of managed marsh areas in leveed floodplain

Maintain the existing extent of floodplain agricultural areas

Increase the number and extent of continuous habitat corridors (floodplain forest - prairie -
marsh)

® Increase the number, width, and length of vegetated riparian buffer strips along tributaries
and ditches

Increase woody debris in secondary channels
Increase the area of suitable winter habitat for lentic fishes

Increase the area of suitable winter habitat for lotic fishes

Biota

®  Maintain viable populations of native plant species throughout their range in the UMR —
IWW at levels of abundance in keeping with their biotic potential

®  Maintain the diversity and extent of native plant communities throughout their range in the
UMR - IWW

®  Maintain viable populations of native macroinvertebrate species throughout their range in
the UMR — IWW at levels of abundance in keeping with their biotic potential

®  Maintain the diversity and extent of native macroinvertebrate communities throughout their
range in the UMR — IWW

®  Maintain viable populations of native mussel species throughout their range in the UMR —
IWW at levels of abundance in keeping with their biotic potential

®  Maintain the diversity and extent of native mussel communities throughout their range in
the UMR — IWW

(Sheet 2 of 3)
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Table 4 (Concluded)

Biota (cont.)

®  Maintain viable populations of native fish species throughout their range in the UMR — IWW
at levels of abundance in keeping with their biotic potential

®  Maintain the diversity and extent of native fish communities throughout their range in the
UMR - IWW

®  Maintain viable populations of native amphibians and reptiles throughout their range in the
UMR — IWW at levels of abundance in keeping with their biotic potential

®  Maintain the diversity and extent of native amphibian and reptile communities throughout
their range in the UMR-IWW

®  Maintain viable populations of native birds throughout their range in the UMR — IWW at
levels of abundance in keeping with their biotic potential

®  Maintain the diversity and extent of native bird communities throughout their range in the
UMR - IWW

®  Maintain viable populations of native mammals throughout their range in the UMR — IWW at
levels of abundance in keeping with their biotic potential

® Maintain the diversity and extent of native mammal communities throughout their range in
the UMR — IWW

®  Prevent the introduction and dispersion of exotic invasive species
® Reduce the extent and abundance of exotic invasive species

®  Reduce the adverse effects of invasive species on native biota

(Sheet 3 of 3)

Objectives by river reach

The science Panel further segregated and stratified objectives by the four
river reaches defined in DeHaan et al. (2003) that were used in the UMR — IWW
environmental objectives workshops (Figure 2). This classification divides the
UMR - IWW according to similar geomorphic, hydrologic, and navigational
features. These reaches are:

Reach 1 — Mississippi River Pools 1 through 11.

Reach 2 — Mississippi River Pools 12 through 22.

Reach 3 — Mississippi River Pool 24 to confluence with Ohio River.
Reach 4 - Illinois River.

Given the marked differences in climate, geomorphology, hydrologic regime,
habitats, and navigation and floodplain uses of the UMR — IWW between the
river reaches, some objectives apply only to certain reaches. For example, the
objective to reduce wind fetch in open-water areas applies only to the parts of the
river system that are impounded by the navigation dams. Maintaining adequate
dissolved oxygen in backwaters during winter ice cover only applies to the
northern reaches of the system, although the objective of maintaining adequate
dissolved oxygen in backwaters is relevant to the entire UMR — IWW. The
objective to increase the area of floodplain without levees applies to the river
reaches with levees.
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Figure 2. Regional distribution of UMR — IWW environmental objectives
(DeHaan et al. 2003)

Most of the objectives apply throughout the UMR — IWW. Objectives for
biota all call for maintaining viable populations of native species at levels of
abundance that are consistent with their biotic potential, and for maintaining the
diversity and extent of native communities throughout their range. Reducing
nitrogen export from the UMR — IWW to the Gulf of Mexico applies to the entire
system.

Most management actions are specific to river reaches, given their potential
for effectiveness and the appropriateness of their application in differing parts of
the river system. Queries of the relational database (described previously) can
identify management actions that contribute to attaining objectives within each
river reach (see Section 5, Appendix E).
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4 Importance of Models
to Adaptive Management

The Upper Mississippi River-1llinois Waterway is a large, complex, and
human-dominated ecosystem comprised of interacting, interdependent sub-
systems linked together by exchanges of energy, materials, information, and
money. Humans, other organisms, the navigation system, and the regional
economy are all integral components of a broadly defined “UMR — IWW eco-
system.” Although usually described, assessed, and evaluated separately, the
economy, social conditions, political systems, and the environment are function-
ally interdependent. While recognizing the need for integration across these
complex human and environmental systems, the Panel, following its charge,
focused on the role of conceptual and operational models in environmental and
ecological impact assessment. The Panel also addressed the potential contribution
of these kinds of models to adaptive management and informed decision-making.

The Panel’s discourse regarding models began with deliberations regarding
the formulation, purpose, and application of conceptual models. A general con-
ceptual model for the Upper Mississippi River was developed. Example applica-
tions for island construction and water-level management follow from this
generalized model. The discussion continued through the Panel’s consideration
and evaluation of the role of quantitative models in supporting management goals
and objectives specific to larger river systems, particularly the Upper Mississippi
and Illinois Rivers. A number of relevant hydrodynamic, hydraulic, and ecologi-
cal operational models were identified and are listed in Table 5. The chapter
concluded with discussions relevant to the use of both conceptual and numerical
models in support of adaptive environmental management.

Collaboration among multiple stakeholders is becoming increasingly impor-
tant in natural resources management. A number of approaches for collaborative
planning and management have emerged in recent years (Blumenthal and Jannik
2000). Among these approaches, adaptive management (Holling 1978, Walters
1986) is becoming widely applied. Management approaches that involve diverse
participants in assessment, learning, planning, and management can lead to more
flexible, adaptive institutions and sustainable outcomes (Lee 1993, Gunderson et
al. 1995). For example, “citizen science” (Lee 1993) aims to involve stake-
holders, scientists, and managers in a continuing discussion concerning eco-
system conditions valued by stakeholders and those ecosystem conditions that
can be achieved and sustained. Importantly, adaptive management uses models
extensively (e.g., Walters 1997) to increase stakeholder understanding and

Chapter 4 Importance of Models to Adaptive Management
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Table 5

Existing and Needed Environmental Models for the UMR - IWW

Model [

Source/Citation

|Factors and Processes

| spatial Scales

| Tvype of Model

| Model Needs

Hydrologic and hydraulic processes

TABS 2-D numerical hydraulic model

Corps Districts, unpublished

Current velocity, direction, stage by discharge level

Navigation pool or smaller
study areas

Numerical simulation,
linked to GIS

Complete for entire UMR
LW

Hydraulic effects of navigation traffic

Hydraulic effects (velocity, drawdown, wake waves,
sediment resuspension) of commercial towboat and barg

¢

Numerical simulation,

(NAVEFF, NAVSED) Corps ERDC, various reports traffic Habitat arca linked to GIS
Hydraulic effects of recreational boating Numerical simulation,
traffic Corps ERDC, Knight, Parchure in press |Hyudraulic effects — waves, sediment resuspension Habitat area linked to GIS
Numerical simulation, (Complete for specific
‘Wind fetch, wave height Rogala, USGS UMESC unpublished ‘Wind speed, wind fetch, wave height Navigation pool linked to GIS areas of inferest
Numerical simulation,
UNET hydraulic model Corps Districts, unpublizshed Stage: discharge Navigation pool, entire system|can be linked to GIS  |[Make link to GIS

Pool drawdown models

Corps Districts, unpublished

Current velocity, direction, stage, by discharge level an
drawdown depth

Navigation pool

Numerical simulation,
linked to GIS

Complete for specific
areas of inferest

‘Micro’ hydraulic models (Davinroy,

Habitat area, selected study

Small-scale physical

Complete for specific

CEMYVS) Stage:discharge, flow distribution, sediment processes Jareas hydraulic models areas of interest
Large scale physical hydraulic models Stage:discharge, flow distribution, sediment processes, |Navigation pool, habitat area, |Large-scale physical
(Lower Pool 4, Pool 26, etc.) effects of navigation traffic selected study areas hydraulic models

Floodplain inundation model

Wlosinski 2001 posted on UMESC web
site

Stage:discharge frequency and duration by river mile

Habitat area, navigation pool,
river reach

Look-up table, can be
linked to GIS

Make link to GIS

Seamless fine scale aquatic-terrestrial
clevation and hydrologic models

Develop

Sediments/Water Quality

Tributary sediment, N, P vields

USGES UMESC web site, DeHaan and
Soballe

Sediment, N, P annual yields of major tributaries

Tributary watershed

Empirical regression,
linked to GIS

Refine models for smaller
watersheds

Sediment budget Pools 11-26

Nakato in WEST Inc. 2000

Suspended sediment transport, fate

Navigation pool, river reach

Numerical simulation

Complete for entire UMR
TWW

Sediment budget Mlinois River

Demissie et al. 1992, 2002

Suspended sediment transport, fate

Tributary watershed, river
reach, navigation pool

Numetical simulation

Wind-driven sediment resuspension

USGS UMESC unpublished, Rogala an
Gaugush

Wind speed, wind fetch, wave height, water depth,
sediment characteristics

Habitat area, navigation pool

Numerical simulation,
linked to GIS

Complete for specific
areas of inferest

Sediment transport and channel responsg
model

Sediment transport, geomorphic processes

Tributary watershed, river
reach, navigation pool

Numerical simulation,
linked to GIS

Develop

Nutirent dynamics

Develop

Ecosystem models

Carbon model Pool 19

|Sparks ef al. unpublished

|Ph0tosynthetic production, secondary production

[Habitat

Numetical simulation

|Complete and validate

(Continued)
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Table 5 (Concluded)

Habitat models

Backwater winter fish habitat

USGES UMESC unpublished, Rogala and
Gaugush

Under-ice current velocity, water depth, water
temperature, dissolved oxygen

Habitat area, navigation pool

Empirical regression,
linked to GIS

Complete for specific
areas of inferest

Adquatic plant occurrence

USGS UMESC unpublished, Yin

Submersed aquatic plant occurrence, as affected by
depth, substrate type

Navigation pool

Empirical regression

Complete for specific
areas of interest

Habitat Needs Assessment Query Tool

DeHaan et al. 2000

Potential species habitat, Potential species in habitat
areas

Habitat area, pool, system

Look-up tables linked
to GIS

Update with 2000 land
cover

Habitat area for a plant or Empirical/subjective, |Modify or construct; Make
Habitat Evaluation Procedures (HEP) FWS, Corps ERDC WES Habitat suitability for selected species animal community can be linked to GIS link to GIS
‘Wildlife Habitat Appraisal Guide Empirical/subjective,
(WHAG) Comps ERDC-WES W aterfowl/wetland habitat Habitat area for waterfowl can be linked to GIS Make link to GIS
Adquatic Habitat Appraisal Guide Empirical/subjective,

(AHAG)

Corps ERDC-WES

Fish habitat, based on MoFish (Misgouri DOC)

Habitat area for fish

cail be linked to GIS

Make link to GIS

Hydrogeomorphic Approach to Wetland
Function

Corps ERDC WES

Rating of wetland functions, e.g., fl oodwater retention

‘Wetland area

Empirical/subjective,
can be linked to GIS

‘Wetland classification and
functional curve
development

Population models

Larval fish entrainment models

Bartell et al. 2000

Hydraulic (water enfrainment), larval fish entrainment
mortality, equivalent adults lost, recruitment foregone,
and production foregone

UMR.S, habitat area

Numerical simulation,
linked to GIS

Complete for specific
areas of inferest

Leslie matrix fish population models

Bartell 2000 unpublished

Population response to entrainment mortality — several
fish species

Habitat area, navigation pool

Numerical simulation

Complete for specific
arcas of inferest

Mussel impacts model

Bartell and Miller 2000

Mussel response (behavior, growth) to vessel -induced
stress

Microhabitat

Numerical simulation

Zebra mussel veliger drift

Illinois Natural History Survey 2000

Zebra mussel veliger drift, settlement

River reach

Numerical simulation

RAMAS mussel popul ation model

Corps St. Paul District 2000 unpublished

Population growth, potential for local extinction

Navigation pool

Numerical simulation

Fingernail clam occurrence, density, wind fetch, water

Numerical regression,

Fingernail clam distribution USGS UMESC unpublished, Burkhardt |depth, current velocity, sediment characteristics Habitat area linked to GIS Publizh
Numerical

Submersed aquatic plant growth and reproduction bioenergetics, linked to |Publish; Complete for
Adquatic plant growth Bartell, Best unpublished (suspended sediment, water depth, temperature) Habitat area GIS specific areas of interest
Adquatic plant breakage by vessel wakes Numerical simulation,
and wind waves Nair and Bartell, unpublished Submersed aquatic plant breakage in current Habitat area linked to GIS

Complete for specific

Regression model Pool § Claflin 1977 Hydrologic regime, plant growth, fish growth Navigation pool Simulation areas of interest
Other species and guilds Develop
Floodplain vegetation succession Develop
Biological Production Develop
Microbial activity Develop
Other models
Conceptual model of the UMRS Lubinski 1993 All Natural and anthropogenic Conceptual

AEA

AEA Committee 1997

River reach (Pools 4 — 22), Navigation pool

Hydrologic regime,
sedimentation and dredging,
plant growth and succession,
patterns of habitats, fish
abundance, and shipping

Numerical simulation

Recreational boating traffic forecast and
allocation model

Carlson et al. 2000

All

UMRS, navigated area

Empirical regression




awareness. When applied in a planning and decision-making context, these man-
agement models should be usable and understandable by diverse participants, and
should be easily modified to accommodate unanticipated situations and explore
new ideas (Carpenter et al. 1999).

These models are routinely used to describe and analyze general patterns of
system behavior. However, models can also be viewed as caricatures of reality
that stimulate creative problem-solving, focus discussion and clarify communica-
tion, and contribute to collective understanding of complex problems (Holling
and Chambers 1973; Holling 1978; Scheffer and Beets 1994; Walters 1997;
Janssen 1998). New approaches for simulating behavior of individuals, societies,
and ecosystems are rapidly emerging, revealing some startling insights into the
effectiveness of long-held assumptions about ecosystem management (Rauch
2002; Carpenter et al. 1999). Models can be used to develop concepts, educate,
simulate processes, test hypotheses, forecast future conditions, conduct planning,
assess the results of monitoring, and identify additional information and research
needs. Recent understanding concerning the dynamics of complex systems is
creating new tools for environmental modeling and resource management (e.g.,
Dale 2003, Costanza et al. 1993). In the context of UMR — IWW river manage-
ment, models can usefully contribute to all of these management and assessment
activities.

The Panel further recognized the importance of conceptual and operational
models as key management tools that:

e Provide quantitative, and if necessary qualitative, assessments of
ecological risks posed by the diverse and disparately scaled environ-
mental stressors relevant to the Upper Mississippi River basin.

e Assist scientists and managers in the formulation of decision alternatives
and management plans critical to adaptive management in the broader
context of sustainability.

e Estimate the outcomes of management decisions, including likelihood
and degree of success (e.g., restored or created habitat units, fish species
diversity, aquatic plant distribution and abundance), as well as risk of
failure (e.g., habitat degradation, local extinctions, introduction of
invasive species).

e Help scientists and managers in the design of effective monitoring plans
needed to support adaptive management and to evaluate sustainability.

e Permit modeled explorations of ecological sustainability in advance of
monitoring results.

Conceptual Models

The Panel endorsed and encouraged greater use of conceptual models as
valuable tools for managing complex ecological systems, such as the Upper
Mississippi River. The following sections outline the purpose of conceptual
models, describe their general formulation for risk assessment and environmental
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management, and present example applications relevant to the Upper Mississippi
River.

Description

In general, a conceptual model for a complex ecological system identifies
controlling factors, ecosystem structure, and ecosystem resources (Thom 2001)
that are important in the system; and changes that may occur. Those changes may
be desirable (e.g., restoration and management) or undesirable (i.e., degradation).
The model defines the subset of system components that are germane to the
modeling objectives and specifies the functional interrelationships among the
selected components that determine ecosystem condition in the presence and
absence of the effectors of change (Thom 2001). There can be considerable
variation in how a conceptual model is developed for any particular ecosystem,
including how to best describe structural components, controlling elements, and
determine functional interrelationships.

Purpose

Conceptual models help simplify complex environmental systems and
organize the salient information about such systems in relation to a particular
management or assessment problem. These models distinguish the important
structural and functional attributes of complex systems necessary to address
specific problems (i.e., problem identification). They identify the key functional
interconnections among system components and illustrate how changes in one or
more components can propagate throughout the system to indirectly affect other
system components. A conceptual model also can indicate sources of uncertainty
that limit understanding of the system of interest. In adaptive management,
conceptual models typically are used as a tool to formulate management actions,
to assess their effects, and to aid in communication among diverse stakeholders
(Thom 2001). Conceptual models are accepted as key components of adaptive
management and can help guide active and passive adaptive management
(Walters 1997). Conceptual models are also considered essential to the design of
effective monitoring programs that provide an empirical basis for management
and decision-making (Manley et al. 2000).

A Conceptual Model of the Upper Mississippi
River Ecosystem

The Panel developed a general conceptual model of the UMR — IWW eco-
system (Figure 3). The model structure reflects the Panel’s understanding of the
critical components of this large-scale, complex environmental system in relation
to continuing challenges in assessing ecological risks posed by multiple and
disparately scaled environmental stressors. The general model structure also
identifies the key components and linkages needed to address important manage-
ment opportunities consistent with adaptive management within a broader frame-
work of ecological sustainability.

Chapter 4 Importance of Models to Adaptive Management
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Concepts and terminology borrowed from ecological risk assessment (i.e.,
USEPA (1992, 1998)) facilitate the description of the UMR — IWW conceptual
model. Three fundamental components of the risk assessment framework
typically include: drivers, stressors, and endpoints. Drivers are broadly defined
categories of larger scale human or natural disturbance that produce measurable
changes (desired or undesired) in the ecological system of interest. In the typical
ecological risk assessment model, stressors are physical, chemical, or biological
change that can affect an ecosystem or ecosystem component. The effect can be
considered negative or positive (U.S. Army Engineer Research and Development
Center and Harwell Gentile and Associates 2001). In ecological risk assessment,
drivers and stressors are agents of change; endpoints identify, in general or in
detail, the environmental or ecological changes of interest. Broadly defined end-
points might include changes in terrestrial primary production as a function of
regional changes in climate (e.g., CO, fertilization) or acres of riparian wetlands
lost to agriculture. The UMR — IWW ecosystem conceptual model includes
broadly defined categories of environmental features termed essential ecosystem
characteristics (EECs). The EECs originate from an expansion of the USEPA risk
assessment methodology (Harwell et al. 1999); they identify ecological com-
ponents thought to be critical in sustaining ecological systems (e.g., energy flow,
material cycling) and those aspects of ecosystems valued by various stakeholder
interests.

Drivers and EECs are organizing principles in a conceptual model; stressors
and endpoints are the ecosystem components that become the focus of direct
management attention. Drivers and stressors are for the most part directly
measurable and are determined by the ecosystem to be modeled; EECs and
endpoints are more user-defined in the context of assessment or management
goals and objectives. Endpoints are specific characteristics within the EECs that
are selected to represent ecosystem responses to management actions.

The Panel’s generic conceptual model of the UMR — IWW builds upon the
typical consideration of drivers, stressors, and endpoints, but alters some
concepts to achieve a more useful description. The structure presented here
(Figure 3) reflects the committee’s understanding of the critical components of
the ecosystem, and it is intended to address primarily the need to communicate
complex ecological interactions to the public and resource managers. Figure 3
identifies important drivers, stressors, and endpoints relevant to risk assessment
and adaptive management in this large-scale and complex ecosystem. The
following section describes this generic model. Specific applications to island
creation and water level management are provided as examples.

In this formulation, the general nature of the UMR — IWW ecosystem is
determined primarily by the natural physical framework and larger scale
hydrology of the watershed. The conceptual model identifies the natural frame-
work as including climatic, physiographic, and biogeographic drivers that
influence the nature and dynamics of water, sediments, chemicals, and the biota
(including genetic information) in this ecosystem.

The climatic driver encompasses large-scale fluxes of energy and water into
the UMR — IWW watershed. Climate is clearly an important driver of this large
river system. Regional climate variation (e.g., floods, drought) largely determines
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the pattern of water flows that define the system hydrology. Alterations in
climate could dramatically change the hydrologic and ecological conditions
within the system and can occur at spatial-temporal scales relevant to planning
and management. However, these changes are largely beyond the influence of
management actions and, in the context of the conceptual model, climate is con-
sidered an environmental context for assessment and management. Climate is
considered as a boundary condition (i.e., beyond the influence of practical man-
agement actions) in this conceptual model.

The physiographic driver includes geology, soils, and topography that are
relevant for at least two differing scales. At the scale of the watershed, physiogra-
phy exerts strong control over hydrologic, sediment, and geochemical fluxes into
the river system. At the scale of the river valley, physiography exerts direct con-
trol on geomorphic and hydrologic responses of the river, for example by con-
trolling valley width or floodplain elevation. In the absence of human influence,
the physiographic driver would be considered invariant over planning time
frames of decades to centuries. Physiographic changes in the watershed due to
human influences -- for example, drainage of agricultural lands or an increase in
impervious surfaces -- can affect these fluxes over planning scales. These
changes can be accommodated within the conceptual model, but because the area
of interest in this study is limited to the river and its floodplain, changes in water-
shed physiography are treated as boundary conditions.

The biogeographic driver defines the distribution and abundance of organ-
isms that inhabit the drainage basin. This driver also includes the natural flux of
genetic information in and out of the system due to migrations, mutations, and
extinctions involving the endemic species, as well as introduced species. The
native biota results largely from historical and geographic controls on the distri-
butions of species, although these assemblages of organisms have been altered by
human actions that have introduced invasive species and caused local extinctions
of species native to the UMR — IWW ecosystem. In addition, the biogeographic
driver emphasizes the spatial distribution of organisms within the watershed. The
biogeographic driver in the watershed is treated as a boundary condition and the
abundance and distribution of organisms within the river system are considered
implicitly in the general conceptual model (Figure 3).

As subsets of the larger scale drivers just described, more detailed drivers are
defined as regimes that describe time series of fluxes of water, sediment, chemi-
cals (and associated energy), and genetics (that is, species) into the UMR — IWW
system. Fluxes into the river system are controlled in large part by the climatic,
physiographic, and biogeographic contexts of the watershed. The fluxes can be
altered by management actions directed at hydrologic features of the system, for
example regional-scale land-use change, water level management, or construc-
tion of impoundments. This conceptual model considers changes in the water-
shed as boundary conditions as they are generally outside the scope of UMR —
IWW management decisions.

The four regimes above can be considered the fundamental ecosystem drivers
that can be altered (or filtered) by management or resource-exploitation actions
to cause stresses to the river ecosystem. This schema differs from some concep-
tual models in which human actions are defined as the fundamental drivers or
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stressors (for example, Harwell et al. (1999)). In this case, the Panel defined
drivers as the fundamental controlling forces and fluxes that structure eco-
systems. This emphasizes the role of fundamental processes that structure
ecosystems, whether natural or unnatural. Human actions for management or
resource exploitation serve as filters (or modifiers) that alter the driver regimes.
The term stressor is used to denote perturbations that alter the rate or nature of
physical, chemical, or biological regimes (in keeping with Barrett and others
(1976); see Appendix A, “Glossary”).

The Panel classified ecological endpoints into two broader categories
(“tiers”) of essential ecosystem characteristics. The two tiers reflect differing
perceptions of ecological structure and function as they might be understood and
valued by different stakeholders. Each tier of EECs can be further subdivided
into measurable endpoints that can be examined in a monitoring program
(Figure 3; also see Chapter 6). The Tier 1 EECs consist of categories of geo-
morphology, hydrology/hydraulics, and biogeochemistry. The Tier 1 EECs are
linked to measurable endpoints that may have important scientific information
content and value in informing management, for example, of sediment concen-
trations or dissolved oxygen. Such technically defined EECs might not be
generally recognized as being inherently valuable by the public. The importance
of the Tier 1 EECs and their associated endpoints is described by linkages to
Tier 2 EECs, which define characteristics identified as valuable by many stake-
holders. Tier 2 EECs are habitat and biota. Many (but not all) pathways identified
in the conceptual model link human actions to Tier 1 EECs, which can subse-
quently affect the habitat EEC and the biota EEC. The habitat EEC delineates
physical habitat (for example, spatial and temporal distribution of water depth
and velocity), as well as habitat provided by biota, (e.g., vegetation). Hence,
vegetation characteristics generally show up in the habitat EEC rather than the
biota EEC. Endpoints identified from Tier 2 EECs relate directly to stakeholders’
views concerning desirable ecological conditions, goods, and services provided
by the UMR — ITWW.

Arrows in the conceptual model illustrate the direction and relative impor-
tance of process linkages among drivers, stressors, management actions, EECs,
and endpoints. In this sense, the arrows represent stressors that transfer pertur-
bations in material or energy fluxes among EECs. In the generic model (Fig-
ure 3), most of the linkages pass through Tier 1 EECs. One exception includes
the pathways emanating from biogeography. These are meant to indicate long-
term genetic and biogeographic controls on the distribution and abundance of
organisms that inhabit the system. Pathways from biogeography are considered
to more directly influence the habitat (e.g., vegetation) and biota EECs, with
pathways and feedbacks of secondary importance to the Tier 1 EECs. The
conceptual model indicates that the Tier 1 and Tier 2 EECs are interdependent;
the comparative importance of these interactions is indicated by the relative
width of the lines defining them; stronger interactions are indicated with thick
lines and weaker interactions are indicated with thinner lines.

Figure 3 demonstrates numerous feedbacks that indicate the complex rela-
tions among EECs. For example, hydrology/hydraulic characteristics affect geo-
morphology by interacting with sediment transport processes; geomorphology
exerts a feedback control on hydraulics by altering channel morphology. Habitat
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has a strong connection to biota by influencing the environment inhabited by
organisms, but the biota also can create and modify habitat, especially by con-
trolling vegetation. In general, the more lines and arrows depicted on a diagram,
the greater the complexity and inherent uncertainty. A complex conceptual model
generally indicates that a high degree of difficulty will be encountered in creating
useful predictive numeric models for management and assessment.

The generic model also includes management influence components related
to objective development and adaptive management. In the upper right- hand
portion of the conceptual model diagram, the objective-setting process is indi-
cated as a three-way interaction among the Corps of Engineers, stakeholders
(broadly defined to include input from resource management agencies and the
concerned public), and technical experts. The diagram is not meant to define the
roles of each explicitly, but simply to indicate the interaction of these three
generic groups. In the UMR — IWW, objectives have been determined, in part,
through a stakeholder-driven process; input from technical experts is meant to
inform the process through evaluating the objectives with respect to ecological
feasibility and sustainability.

Now that an initial set of objectives for the UMR — IWW ecosystem has been
established, the navigation study process will proceed to formulation of alterna-
tive management plans (combinations of management actions). The alternative
plans will be evaluated and compared, with regard to cost (efficiency), effective-
ness (degree to which they would attain the objectives), non-monetary benefits,
completeness, and acceptability (to stakeholders). A recommended plan will be
selected, and following approval, will be implemented.

The adaptive management loop illustrated in the lower right portion of the
model (Figure 3) depicts how measured results following the implementation of
management actions are evaluated to see if changes to the system meet the plan-
ning objectives and are sustainable. Monitoring and evaluation of ecosystem state
provide the data for this decision. This management process also provides for the
preparation of a report card on endpoints for the stakeholders and managers (see
Chapter 6). If the planning objectives and sustainability criteria have been met,
the project can transition into a phase of low-intensity and continued monitoring.
Performance monitoring is meant to continually evaluate changes in ecosystem
state in relation to management actions and uncontrollable stressors (e.g., climate
change). If planning objectives or sustainability criteria have not been achieved,
the project objectives can be re-evaluated to determine whether, given the
updated information on ecosystem response, the objectives are achievable and/or
sustainable. This step is a “reality check” that determines whether objectives are
reasonable or should be redefined. If it is determined that the objectives are not
achievable or sustainable, this information is communicated to the three groups
of stakeholders for reconsideration. If the objectives are deemed achievable, but
were not achieved in the initial implementation of the project, the new infor-
mation on system state response is fed back to the design and implementation
process to guide adaptive redesign, or maintenance, or — in the case of slower
ecological adjustments — to perhaps trigger additional monitoring and evaluation.

The general conceptual model is intended to illustrate how management
actions propagate through EECs, the complexity of the interactions, the general
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direction of ecosystem response, and a sense of the level of uncertainty involved.
Two example applications of conceptual models are presented to illustrate how
such models may be developed and applied.

Island construction model

Numerous islands were created when the river was impounded to form the
UMR — IWW navigation pools (e.g., USGS (1999), West Consultants, Inc.
(2000)). However, erosion in subsequent years has reduced the number and
spatial extent of these islands, and has thus diminished habitat quality and
availability. The example management scenario involves the construction of
islands using dredged material and rock revetments (Figure 4). The main stressor
of this management action includes altered hydrologic regime, wind fetch,
topography and redistributed sediment, which propagate to the geomorphology
EEC. There will be strong interaction with the hydrology/hydraulics EEC
because depth, velocity, and wind-driven waves will be altered by the con-
structed island. In turn, these stressors will feed back to geomorphology through
sediment erosion, transport, and deposition. The net result of these interactions
will determine the long-term stability of the created islands. The islands can
indirectly alter the spatial and temporal patterns of water circulation and concen-
trations of suspended sediments. For example, water clarity may increase towards
the downstream or leeward side of the island, or resuspension of sediment as the
islands erode may have the opposite effect upstream. These stresses would be
reflected in the biogeochemistry, and may be further propagated to biota as
changes in, for example, dissolved oxygen and primary productivity.

The most substantial stressor from Tier 1 to Tier 2 in this example would
probably be changes in hydroscape (i.e., the spatial and temporal distribution of
water, resulting in the patterns of depth and velocity that define much of physical
aquatic habitat) as a result of geomorphic and hydraulic changes. Altered hydro-
scape characteristics determine aquatic and terrestrial habitat availability around
the islands. In turn, hydroscape would affect vegetation characteristics in the
habitat EEC. Altered habitat quality and quantity would propagate directly to
biota. Additional possible feedbacks include how alteration of vegetation-
induced roughness might affect hydraulics, and how some biota could affect
vegetation distributions (for example, grazing on submersed aquatic vegetation).

Island Construction Case Study

Island erosion in the regulated UMR — IWW System has been well docu-
mented (USGS 1999;West Consultants, Inc. 2000). Resultant impacts including
loss of plants, morphometric structure, and bathymetric diversity are recognized
in many areas, but are only well documented in a few areas.

Restoration projects (i.e., management actions) have been formulated to con-
struct islands in specific areas to counteract erosion processes. The first island
construction projects were not intended to replace former islands; rather, they
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were designed to reduce erosion in windswept, open-water areas, which caused
losses of aquatic plants. Later projects were positioned along natural topographic
gradients (in shoaling and filling areas) or where islands had been present previ-
ously. In either case, the islands were hardened to reduce erosion.

The results have been mixed. The first well documented project, Weaver
Bottoms in Pool 5, did not achieve the desired results because impacts beyond
wave action (i.e., tributary inputs) contributed to the degradation of the area, but
were not adequately considered in project design. Another early project in Pool 7
placed islands to deflect flow and waves in a large open backwater. They effec-
tively created a current shadow where plants grew downstream, but had little
effect beyond their immediate footprint.

The next generation of island projects followed the configuration of formerly
existing islands (Figure 5), even though these islands were artifacts of impound-
ment and thus the restoration was not to a sustainable condition. The island
configuration was unstable, so they were hardened to resist erosion. As experi-
ence was gained, bank armoring became more passive (e.g., sacrificial berms) or
natural (e.g., plantings) and rock armoring was reduced. These later projects have
been more successful in creating larger areas that benefit from the influence of
the relatively modest footprint of the constructed island.

Figure 5. Island habitat restoration in lower Pool 8, Stoddard, Wisconsin

42

Project design for islands has achieved a very advanced level that includes
expanded objectives, better design criteria, and better prediction of effects. The
incorporation of two-dimensional hydraulic models and a wind fetch model into
the island planning process improved design and evaluation considerably. A
bioresponse model for mallard ducks that incorporates these and other environ-
mental parameters has also been developed. However, monitoring and evaluation
need to continue in order to refine the understanding of important mechanisms
affected by these projects, and also in a greater variety of habitats where local
problems and construction materials differ.
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Water-level management model

The specific water-level management considered in this example application
is a drawdown of pool water levels, which is intended to encourage growth of
vegetation at the shallower margins of main channels, side channels, and back-
waters (Figure 6). The main stressor from water-level management is lowered
pool stage, which propagates through the hydrology/hydraulics EEC. With the
exception of the changes in topography as an additional stressor, the structure of
this conceptual model is similar to that for artificial island construction. The
interactions of geomorphology and hydrology/hydraulics EECs represent adjust-
ments of the physical system as the lowered pool level alters water depths, cur-
rent velocities, and sediment transport. This complex adjustment has the potential
to accelerate sedimentation in some areas and thus decrease physical connectivity
to backwaters. Geomorphology and hydrology/hydraulics effects could also
propagate to some degree to the biogeochemistry EEC in the form of changes in
water clarity and physical mixing.

The primary effect on Tier 2 EECs would be through changing the hydro-
scape of backwaters and other shallow, marginal areas to facilitate the establish-
ment of emergent vegetation. Vegetation effects would be addressed in the
habitat EEC and could include a feedback to hydrology/hydraulics EEC in the
form of vegetation-induced decreases in current velocities and corresponding
increases in sedimentation rates. Increased vegetation would increase habitat by
providing increased food and shelter for fish and wildlife. Biogeochemical
increases in dissolved oxygen and primary productivity would also propagate to
the biota EEC. Potential measures of changes in ecosystem state for Tier 1 and
Tier 2 EECs are indicated on the diagram.

Water level management case study

Water levels are managed for many reasons on the UMR — IWW. The first,
and most obvious, is to maintain a 9-ft-deep navigation channel for commercial
navigation. Less obvious is a 4-ft increase in water level on the Illinois River
produced by flow diversions from Lake Michigan. These actions, while initially
beneficial to newly created aquatic environments, eventually degraded the system
to a level where remedial actions were required to restore formerly productive
aquatic habitats.

Wildlife biologists on the Illinois River realized that much of the reason for a
widespread loss of backwater wetlands was extreme water level fluctuations
associated with upland development. An associated increase in suspended sedi-
ments also blocked light penetration and degraded substrate quality. Isolating
backwaters with low levees or reclaiming leveed farmland for wildlife manage-
ment proved to be highly successful surrogates of the natural hydrograph. Within
these management units (called moist soil management areas) refuge managers
had an increased capacity to optimize water levels to produce desired wetland
communities. Managers can vary the timing of drawdowns to produce sub-
mersed, emergent perennial, or emergent annual plant species depending on the
ambient hydrology or their management objectives for a given year.
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While moist soil management proved to be a very successful wetland man-
agement technique, it has several drawbacks. First, the levees restrict movement
of animals, primarily fish, that cannot traverse the barriers imposed by the levees.
Second, the management units have a high front-end cost of construction and a
continual cost for operations and maintenance. A less costly and more robust
water level management scheme was needed.

Natural resource managers have long wanted to conduct pool-scale draw-
downs to achieve the benefits of the moist soil management (i.e., sediment
compaction, emergent plant growth, improved water quality) over larger areas. In
the mid-1990s, resource managers approached the St. Louis District, who con-
ducted drawdowns up to 6 ft in Pools 24-26 as part of their routine operating
procedures, to see if they could maintain low river stages for periods of up to
60 days. The District responded with a plan called Environmental Pool
Management, where in some years they try to hold drawdowns as long as
possible without impeding navigation. In other years or seasons, they try to hold
water levels high to maximize water depths. They have had considerable success
in the last several years in exposing sediments and expanding emergent plant
beds by several thousand acres in each pool.

The next evolution of pool scale water level management was in Pool 8
where a feasibility study investigated the possibility of 1- to 3-ft drawdowns
(Figure 7). The situation differs from the St. Louis District, though, in that
routine drawdowns in the St. Paul District are regulated to 1 ft or less. Draw-
downs of the scale proposed required overdraft dredging to accommodate com-
mercial traffic during the drawdown. Consultation with the public also raised
concerns over recreational access (i.e., boat ramps and marinas). The study
process ended with a recommendation for a 1.5-ft drawdown at a cost of about
$1 million. The drawdown conducted during 2002 was considered a great success
with initial plant responses being very encouraging. The monitoring results are
still being evaluated. Plans for similar drawdowns in Pools 5 and 9 during 2003
were canceled because of concerns over archeological resources and recreational
impacts. In fact, impacts to recreation are becoming the biggest barrier to water
level management plans.

Future plans call for increased investigations for water level management. A
comprehensive review of problems and opportunities was conducted by a UMR —
IWW Navigation Study work group. Their analysis revealed that 12 pools are
likely candidates for successful drawdowns, although no pools were eliminated
from consideration. The navigation study economic work group is evaluating the
financial impact of a 3-month closure to navigation from Pool 25 north to
accommodate extended system-wide drawdowns.

Numerical (Predictive) Models
As the preceding examples suggest, conceptual models can assist risk

assessors, environmental managers, decision-makers, and the public delineating
the nature and scope of the problem (or opportunity), by identifying the
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Figure 7. Pool 8 environmental drawdown

necessary and important structural and process-level components required to
meaningfully address the issues of concern. They can also specify component
and process interactions and interdependencies that might provide insights
concerning accurate assessment or effective management. However, in many
cases, net positive or negative effects on an EEC cannot be inferred from simple
conceptual models because of offsetting processes. In these cases, quantitative
process models are needed to calculate the net effect. Moreover, once the number
of interacting components and processes exceed four or five, the human mind
experiences increasing difficulty in understanding the implications of such
interactions from inspection of a schematic illustration (i.e., conceptual model).
Under these circumstances, the conceptual model can be used as a guide to
develop a corresponding operational model (or models) that translates the
qualitative understanding derived from an illustration to numerical values that
address management or assessment needs. Deliberations on the roles and status
of computational models in management and assessment issues relevant to a
sustainable Upper Mississippi River-Illinois Waterway ecosystem are discussed
below.

Existing models for the UMR - IWW

A diverse collection of models has been developed to describe and to fore-
cast future hydrodynamic, geomorphological (sediment), and ecological condi-
tions in the UMR — IWW. Table 5 lists selected models developed for use in
UMR — IWW management and impact assessment. These existing models can be
organized according to their focus on hydrology, hydraulics, sediments, habitat,
and different levels of ecological organization (e.g., populations, communities,
ecosystems). Most existing UMR — IWW ecological models address conditions
occurring at the habitat area or navigation pool scale. Adaptive Environmental
Assessment (AEA) models were developed to examine river ecological processes
and management alternatives at two scales; a long river reach from Pools 4
through 22, and within a single navigation pool (Pool 8). Many of these models
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are based upon hydrologic or hydraulic models, reflecting the importance of
physical processes to the ecosystem.

Interrelated hydraulic disturbance and biological response models were
developed to assess the impacts of commercial navigation traffic for the UMR —
IWW System Navigation Feasibility Study. These models, including NAVEFF,
NAVSED, and other hydraulic models are used to simulate the hydraulic
disturbances produced by navigating vessels. VALLA and POTAM are plant
growth models used to simulate the response of submersed aquatic plants to light
limitation produced by navigation-related sediment resuspension. The fish larval
entrainment mortality impact model (NavLEM) estimates the effect of larval fish
losses on equivalent adult fish, the prey fish forage base, and individual fish
recruited to adult fish populations. Leslie matrix fish population models have
been developed to examine the potential inter-annual effect of fish entrainment
losses for selected fish populations. Two of the existing UMR — IWW assessment
models are individual-based; one for unionid mussels (NavMSL) and another for
submerged aquatic vegetation (NavSAV) that assess the impact of disturbance on
organism bioenergetics, growth, and reproduction. Few models exist that
simulate animal or plant populations within the UMR — IWW ecosystem. Except
for the AEA models, the existing UMR — IWW ecological models are narrowly
focused by components, processes, and scale.

Other predictive models

In addition to models developed explicitly for the UMR — IWW, other eco-
logical and environmental models might have useful applications in support of
adaptive environmental management. Ecosystem models that link physical and
biological process models into a model system have been developed for study
and management of other large rivers and estuaries; for example, the Florida
Everglades, Biscayne Bay, Chesapeake Bay, Columbia River, Grand Canyon,
Fraser River Canada, Rhine River in Europe, and the Murray River in Australia.

As an example of an aquatic ecosystem model that might be adapted for
application in the UMR — IWW, the Comprehensive Aquatic Systems Model
(CASM) provides a generalized framework for developing site-specific aquatic
ecosystem models that simulate linked physical and chemical processes with
biological components (Figure 8) (e.g., Naito et al. (2002); Bartell et al. (2000a,
2000b, 1999)). A comprehensive search of the technical literature should be
performed to identify other ecological models (e.g., population, community,
ecosystem, landscape) that could be used to address resource management issues
in the UMR — IWW.

A hierarchical approach to model development

As indicated in Table 5, ecological and environmental processes important
for adaptive resource management in the UMR — IWW are characterized by
different spatial and temporal scales. Disparate scales in space and time of critical
ecosystem process dictate a hierarchical approach to the development of a system
model for planning and management activities directed to sustainability in the
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Figure 8. Comprehensive Aquatic Systems Model (CASM)

UMR — IWW. This approach to ecological modeling (e.g., Figure 9) dates at least
to the hierarchical models proposed to describe the ecological production
dynamics in lotic ecosystems (e.g., Mclntire (1983)). In this strategy for model
development, complex ecological systems can be decomposed into subsystems,
each modeled at its appropriate scale (Allen and Starr 1982, O’Neill et al. 1986).
Linkages between subsystems can be formulated to pass energy, materials, and
information at relevant scales. The important point is to avoid the construction of
an overly complex model that forces disparately scaled organisms (e.g., bacteria,
fish) into a single model construct and that requires some compromise in scale
selection.

Existing ecological models might be adapted to provide a useful set of
models scaled appropriately to different management objectives. For example,
Figure 10 schematically illustrates two differently scaled (time scales) models
that could be constructed using the general CASM modeling approach. The
benthic invertebrate model indicates the possibility of constructing a detailed
multi-population model that operates on a daily time scale relevant to these
organisms. The output (e.g., total benthic invertebrate biomass) available as prey
for a less detailed benthic omnivorous fish population model can be integrated at
a monthly time scale over larger spatial scales (i.e., 1 km?). Other approaches to
hierarchical model development should also be explored for development of an
UMR — IWW system model.

48 Chapter 4  Importance of Models to Adaptive

Management




Flow
\ FPOM

Stream
processes

Temperature

Predation

E,R

Temperature
Flow

N
N
<
~

T

Temperature

Invertebratg
predation

G,S,C

Vertebrate
predation

FPO
LPOM ER

Adapted from Mclntire 1983

Figure 9. A hierarchical representation of consumption and predation for a lotic system (adapted from
Mclntire (1983); LPOM = large particulate organic matter, FPOM = fine particulate organic
matter, G, S, C = grazers, shredders, collectors, E = egestion, R = respiration)

Importance of scale

Ecosystems and models describing them are defined using scales of time and
space. The UMR — IWW ecosystem can be considered a hierarchical set of
ecosystems starting from the spatial scale of the entire drainage basin, extending
to smaller-scale ecosystems defined by geomorphic features and associated
vegetation and animal communities (Figure 11). Within the UMR — IWW basin
are a number of ecoregions, defined in the National Hierarchical Framework of
Ecological Units (Bailey 1980; Bailey et al. 1994). The primary spatial scales in
the UMR — IWW ecosystem are the river basin, tributary sub-basins or water-
sheds, river reach, navigation pool, habitat area, and microhabitat (Lubinski
1993, Wilcox 1993). The navigation study and most river management are
focused on the UMR — IWW channels and floodplains, but river management
must include consideration of water and material flows from tributary watersheds
to the mainstem rivers.
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Processes shaping the UMR — IWW ecosystem act at different scales
(Figure 11, Table 5). For example, human land use at the river basin scale has
modified the hydrologic regime and sediment yields in the last century (Knox et
al. 1975). At the habitat area scale, dissolved oxygen concentrations in shallow
UMR — IWW backwaters vary hourly due to photosynthesis and respiration by
algae. Many processes act over several spatial scales. Models simulating ecologi-
cal processes must be designed and linked together with the appropriate time and
spatial scales.

Figure 11 is a conceptual illustration of how different processes and factors
act at the navigation pool scale, and how different ecosystem model elements can
be selected from existing models or how models might be newly constructed to
address these differently scaled attributes of the UMR ecosystem. Figure 12
illustrates the same concept using a river and floodplain cross-section diagram.
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can be used to simulate them

Models needed and appropriate for use in UMR - IWW management

An integrated system of models is needed to support adaptive management of
the UMR ecosystem. The models should be hierarchically organized according to
scale and process to effectively represent the range of natural and anthropogenic
drivers and stressors that determine the condition of the UMR ecosystem. Table 5
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identifies some of the differently scaled models needed for planning and
managing within the UMR.

At the river basin and tributary watershed scales, refined models for sediment
and plant nutrient mobilization from the landscape and transport and fate pro-
cesses in the stream drainage network could be linked with river and reservoir
water quality models to simulate loading of materials from tributary watersheds
and the subsequent ecological implications of these external loadings. An
important and challenging element of this would be a model system that would
simulate channel geomorphic response and sediment transport in the tributary
rivers. Such a model system could be used to help formulate ecologically effec-
tive watershed management alternatives and to optimize investment in best
management practices at a regional (e.g., geomorphic reach) scale. This kind of
model system could provide a quantitative basis for setting attainable objectives
and defining endpoints for sediment and nutrient loadings to the UMR system.

At the river reach scale, refinement and expansion of the existing sediment
budget model for Pools 11 through 26 to the entire UMR — IWW is needed. Bed
sediment transport should be included, given its importance to dredging require-
ments and formation of geomorphic features of the channels and floodplain. A
model that quantifies the additional habitat made accessible to migrating fish
moving upriver through navigation dams would provide a basis for planning
effective fish passage improvements in the system. Population models of exotic
species invasion and establishment could help in determining effective control
measures. A model of plant consumption by populations of migrating waterfowl
could provide a quantitative basis from which to plan for system-wide restoration
of habitats to provide sufficient forage for these birds.

At the navigation pool and habitat area scales, a model of geomorphic
response of the channels and floodplain to sediment loadings would provide an
improved basis for forecasting future geometry of the system. A spatially explicit
floodplain vegetation succession model could forecast future habitat distribution,
location, and quality. Models of biological production, animal population
dynamics, and limiting factors would enable refinement of the Habitat Needs
Assessment Query Tool to plan for ecologically effective habitat protection and
restoration projects. Biological production models linked to population models
would allow setting realistic objectives for the abundance of selected fish species,
and a means to assess the impacts of entrainment losses, harvests, and manage-
ment actions related to modifying aquatic habitat.

At the microhabitat scale, microbial activity and nutrient dynamics greatly
influence water quality and biological production (e.g., benthic insects, other
macroinvertebrates) in the river ecosystem. Models of these processes could
provide insight into the ecological effects of reduced nutrient loading from UMR
tributaries.
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5 Management Actions
Available for River
Management and
Restoration

For purposes of this report, management actions are considered to be human
activities intended to affect the condition of the river ecosystem. An initial list of
management actions was compiled for the Navigation Study Interim Report
(U.S. Army Corps of Engineers 2002, Appendix F). A variety of sources were
used to identify the management actions, including EMP habitat project reports,
Corps District navigation channel and natural resources management plans,

U.S. Fish and Wildlife Service refuge plans, Upper Mississippi River
Conservation Committee (2001), USDA watershed management literature, and
Schnick et al. (1982). The U.S. Army Corps of Engineers, the Navigation Study
Environmental Coordination Committee, and participants in the Navigation
Study Environmental Stakeholders workshops reviewed and refined the list
(Appendix D).

UMR - IWW management actions are implemented by many groups: the
U.S. Army Corps of Engineers, the U.S. Fish and Wildlife Service, the
U.S. Department of Agriculture, the five UMR — IWW states, local units of
government, private landowners, and non-governmental organizations.

Relationship of Management Actions to Goals and
Objectives

Management actions that can be taken to achieve goals and objectives were
linked to the objectives for condition of the UMR — IWW ecosystem in the
Goals, Objectives, and Management Actions relational database (Appendix E).
The management actions were rated from 0 to 3 as to their potential ecological
effectiveness in achieving the objective with 0 = no effect, 1 = marginally
effective, 2 = effective, and 3 = very effective. This rating is subjective, but
enables management actions to be identified that might best contribute to each
objective. More detailed planning and evaluation will reveal the most cost- and
ecologically effective management actions for selected project areas and to attain
differing objectives.

Management Actions Available for River Management and Restoration
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Management Actions by River Reach

Jurisdiction, weather, river discharge, staff, equipment, and funding are all
perennial constraints to applying management actions. Management actions are
generally applied where they can be effective, given the need as expressed by
condition of the ecosystem, and where the technology is suitable given the
conditions in each part of the river basin and reach of the river system. River
reaches where each management action has been or has potential to be applied
were identified in the Goals, Objectives, and Management Actions relational
database.

Many management actions are applicable only in certain river reaches. For
example, dustpan hydraulic dredging is conducted in reaches in which dredging
equipment is suitable for high-volume output with in-channel placement of
dredged material. Many of the management actions listed have been applied;
others have potential to be applied (Appendix D). For example, pool-scale
drawdown of navigation pools has been conducted to promote growth of aquatic
plants in Pools 8, 13, 24, 25, and 26. There is potential to conduct growing
season drawdowns (and some are presently scheduled) in other locations.

Scales of Application of Management Actions

The scales of application of listed management actions vary considerably in
time and space because the drivers, stressors, endpoints, measurement method-
ology, and other factors vary in scale also. The scale of management actions
ranges from widely and frequently applied routine management actions to large
habitat restoration projects that might be constructed only once. Some manage-
ment actions, such as navigation dam gate operation, are routine and are con-
ducted daily at all the dams in the river system. Other management actions such
as channel maintenance dredging, are also routine, but are conducted at specific
locations (dredge cuts) at varying frequencies ranging from twice a year to once
in decades. Some management actions (such as removal of invasive plants) are
only implemented in selected areas as needed. Many management actions involve
major construction that would be implemented infrequently and in selected areas
as part of a habitat restoration project.
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6 Evaluation and Monitoring

Evaluation is a critical part of the adaptive management process because it
indicates whether performance is adequate and sustainable.

Determining Endpoints and Measures

Environmental systems indicators, or endpoints, are increasingly being
incorporated into ecosystem level management and development planning as key
elements in goal setting and performance assessment. An endpoint is a com-
ponent of the system that may be ecologically important, is valued by humans,
and is used to evaluate changes in the ecosystem. In a system-wide management
plan, one or more endpoint objectives need to be associated with each objective.
Measurement (quantification) of endpoints, will provide an assessment of status
of that endpoint. Measuring endpoint values through time indicates trends or
environmental performance that can be disseminated to stakeholders at regular
intervals.

Endpoints need to be defined in numeric, rank, or binary terms that are
informative both to management agencies and the public. That is, they should be
easily understood by non-specialists and useable in agency programs with com-
monly available monitoring data. To meet this need, endpoints were selected that
related to the values expressed by local people and to actions of managers. The
environmental objectives workshop results reviewed in DeHaan et al. (2003)
provided input from stakeholders and management agency staff regarding what
endpoints are important to them.

Our criteria for what constitutes a desirable and effective endpoint came from
a synthesis of the guidance in Harwell et al. (1999), Jackson et al. (2000b),
National Research Council (2001), and Schiller et al. (2001). Three primary
considerations or criteria were employed: policy and management relevance,
technical merit, and practicality.

e Policy and management relevance is based upon the extent that a
candidate endpoint addresses a societal issue or interest (e.g., recreation,
biodiversity, water quality). A relevant endpoint should be clearly related
to management actions and capabilities. Interested citizens and involved
public groups with minimal technical expertise should be able to see how
an endpoint relates to environmental quality. Ideally, environmental
quality levels should be attributable to endpoint values.

Evaluation and Monitoring
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e Technical merit is concerned with the relationship between an endpoint
and a structural and functional property of the ecosystem. Each endpoint
must be based on scientific principles and scientific concepts. There
should be confidence by analysts that the endpoint will yield reliable
information and be indicative of the environmental changes of interest.
Consideration needs to be given to how vulnerable an endpoint value is
to confounding influences over time or space. We need to be confident
that indicator values reflect the anticipated information of interest and
not random or unrelated variations. Finally for technical merit, it is best
if standard methods are available for measurements so data collection can
be executed in a routine and confident manner.

e Practicality relates to whether adequate data or feasible monitoring
samples would be likely to yield accurate or reliable endpoint results.
Are monitoring practitioners capable of routinely collecting the appro-
priate measurements in adequate amounts and quality? The costs and
benefits of using the endpoint should be readily clear to program
managers and the public, and monitoring costs need to be reasonable
over many years of use and fluctuations in agency budgets. Further, we
considered whether quality control, timely reporting, and data storage
and distribution could be easily managed. For practicality reasons, the
endpoint should be closely related and compatible with established
monitoring programs if possible.

Endpoint identification process

The Panel developed and employed a structured five-step process for
identifying endpoints. The process was started with three sources of information:

e A synthesized list of environmental objectives from a series of fall 2002
Objectives Planning Workshops in the study region (reported in DeHaan
et al. (2003)).

e A spreadsheet analysis of environmental objectives grouped by EEC and
management actions (U.S. Army Corps of Engineers, Science Panel and
NECC meeting minutes).

e The criteria for endpoint selection: policy and management relevance,
technical merit, and practicality.

First, each UMR-IWW environmental planning objective (stated system
attribute) was considered against the three endpoint selection criteria. A YES or
NO designation was made for each of the three criteria. Only attributes with three
YES ratings were considered further. Second, the items with three YES answers
were reviewed for redundancy and relative importance within each EEC. Third,
additional endpoints were considered, in the event that they improved the
characterization of environmental objectives. Fourth, the Panel reviewed and
commented on the endpoint selections, and adjustments were then made in the
final endpoint list (Table 6). Finally, each endpoint was documented by reporting
the endpoint name, definition, the three selection criteria justifications and a set
of recommended monitoring measurements (Appendix F).
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Report Card

The customary means for assessing
environmental quality and the progress
of management efforts has relied on one
of a few regulatory criteria. The most
established basis for determining
environmental quality has been to
compare field measurements against
mandated water quality criteria to
determine if a water body meets
standards. A water body was either in
compliance or not, and the frequency of
non-compliance was often the only
temporal perspective employed. Starting
in the 1980s, federal and state environ-
mental management agencies began
incorporating broader measures and
criteria of environmental quality.
Measures of community composition,
species diversity, and ecosystem integrity
began to be developed and implemented
in assessing ecosystem health; often
called bioassessment. A broader means
of assessing environmental management
performance emerged with the shift from
single chemical criteria to managing for

Table 6

Selected Ecological Endpoints to
Evaluate UMR - IWW Management
Actions and Objectives

Biota

Abundance of Asian carps

Population of lake sturgeon

Abundance of waterfow!

Neotropical migrant birds

Freshwater mussel populations

Mast tree populations

Biogeochemistry

Water quality criteria

Nutrient concentrations in water

Fine sediment entering the system

Contaminated sediments

Geomorphology

Topographic connections

Topographic variability

Rates of bank erosion

Hydrology and Hydraulics

Water levels below dams

Water levels during growing season

Pool stage in winter

Dam operations

Habitat

Aquatic vegetation in shallow lentic waters

Natural terrestrial habitat on floodplain

Special aquatic sites

Islands with natural habitats

ecosystem health. Concurrently, the amount of public investment in environ-
mental quality improvement rose sharply, and the need to demonstrate the
resulting benefits followed. Lastly, government policies and legislation devel-
oped that require agency reporting of performance. The Federal Government
Performance Results Act of 1993 is a prominent example.

One developing form of reporting on ecosystem management performance is
the environmental report card (Harwell et al. 1999, Young and Sanzone 2002).
An environmental report card presents summary status information on ecosystem
endpoints, and it communicates progress of management in improving ecosystem
health. Being a communication tool, the report card should be easily understood
by a range of audiences. It should communicate the status of the system in terms
of endpoints, and reflect trends over time to judge progress. Finally, the method
for assigning ratings or grades should be easily understood and clearly based on
endpoint definitions and measures. The best formats for progress reporting
should make it easy for users to understand the desired endpoint value, current
status relative to the endpoint target, and trend in status through time.

There is no standard format for an environmental report card. However,
some common elements of environmental performance reporting are seen in the
report cards on ecosystem management by state and federal agencies in the
Everglades, Chesapeake Bay, and San Francisco Bay. Performance reporting
on the Everglades (McLean and Ogden 2000) and Chesapeake Bay

Chapter 6  Evaluation and Monitoring
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(http://www.chesapeakebay.net/index.cfm) use one simple bar chart or line graph
for each endpoint showing annual measurement values by year. These graphs
also clearly show the desired endpoint value for stakeholders to readily judge
status and trend.

Lubinski and Theiling (1999) developed a type of report card for the
ecological status and trends for the Upper Mississippi River System (USGS
1999). They used dashboard-type dials indicating a range of ecological health
from “Degraded” at the most impaired level or “Unimpaired” or “Recovered” at
the “healthier” end of the scale. While useful for the broad categories considered:

e Viable native populations and habitats.

Ability to recover from disturbance.

¢ Ecosystem sustainability.

Capacity to function as part of a healthy basin.

Annual floodplain connectivity.

Ecological value of natural disturbances.

and the four river reaches considered:

Upper Impounded Reach (Pools 1-13).
e Lower Impounded Reach (Pools 14-26).
Unimpounded Reach (RM 201-0).

Lower Illinois River (Peoria — Alton Pools).

The evaluation criteria were very general. They did not have the required
resolution to serve as indicators or endpoints required in an effective adaptive
management program.

An example of detailed endpoint criteria that could be evaluated using available
monitoring data from the UMR — IWW is shown in Figure 13 for nutrient
concentrations reported by Soballe and Wiener (1999). The low nutrient concen-
tration endpoint specifies target levels for total phosphorus and nitrogen in river
water. Figure 13 shows that both nutrient concentrations are above the specified
endpoint concentrations. For nitrogen, the target level has been achieved during a
few isolated months, and the trend is improving to the extent that in recent years
nitrogen concentrations regularly approach target levels. In contrast, no trend for
improvement is seen in average annual phosphorus levels, suggesting different or
additional management effort will be needed. In the ecosystem management
cases of the Everglades and Chesapeake Bay, the annual report card released to
the public primarily consisted of a series of plots like Figure 13. Users would
review a set of these to judge overall system status and management progress.

Chapter 6  Evaluation and Monitoring


http://www.chesapeakebay.net/index.cfm

Chapter 6

1.00

.
~
(4]

]

=

o

o
|

Phosphorus (mg/l)
3
]

Target

0.00=

1 1
1991 1993 1995 1997

12 1

o]
1

Nitrogen (mg/l)
'

Target

T T T T
1991 1993 1995 1997

Figure 13. Mean annual nutrient concentrations in the main channel of the
Mississippi River in relation to potential target levels (modified from
Soballe and Wiener (1999))

An alternative reporting format is more analogous to school report cards than
a series of trend plots. Table 7 shows a tabular reporting form for the UMR —
IWW using the endpoints and essential ecosystem characteristics reported above.
Two ratings are provided for each endpoint to show status and progress. Status is
indicated by a color-coded rating using the system of McLean and Ogden (2000)
for the Everglades. A grade of green means that the status of the endpoint has
been reached or closely approaches its specified target; yellow means that the
endpoint is short of the target state; and red means that the endpoint is seriously
deficient. Judgment is needed to assign these ratings because they are approxi-
mate categorizations of endpoint measurements relative to endpoint criteria.

Evaluation and Monitoring
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Table 7
Upper Mississippi River-lllinois Waterway Environmental Report Card Showing an

Entry for Endpoint 7 Using Data Reported in Figure 13 (See Text for Entries and Color
Rating Under “Status”)

No. ENDPOINT EEC Status Progress Comments
1 Abundance, exotic Asian carp | Biota
2 Population of lake sturgeon Biota
3 Abundance of waterfowl Biota
4 Neotropical birds Biota
5 Mast tree abundance Biota
6 Water quality compliance Biogeochemistry
7 Nutrient concentrations Biogeochemistry Substantive N improving but
improvement P consistently
high
8 Fine sediment input Biogeochemistry
9 Contaminated sediments Biogeochemistry
10 Greater topographic Geomorphology
connections
11 Greater topographic Geomorphology
variability
12 Flocculent backwater Geomorphology
sediment
13 Decreased bank erosion Geomorphology
14 Stabilize water levels Hydrology & Hydraulics
15 Summer low water Hydrology & Hydraulics
16 Maximum winter pool stage Hydrology & Hydraulics
17 Flexibility of dam operations Hydrology & Hydraulics
18 Aquatic vegetation cover Habitat
19 Terrestrial habitat on the Habitat
floodplain
20 Special aquatic sites Habitat
21 Islands with natural habitats Habitat
22 Maintain crop land Habitat
Progress can be assessed using another set of ratings as done by the Association
of Bay Area Governments (2001) on San Francisco Bay ecosystem management.
A progress rating term is entered to capture the general pattern in endpoint values
over time. A rating of FULL progress indicates that the endpoint target state has
been realized or will be shortly (recent values within 75-100 percent of endpoint
range show in series presented). A rating of SUBSTANTIVE progress is entered
when the time series shows clear progress (50-75 percent target value change)
toward the endpoint target. Finally, SOME is entered when minimal progress
(0-25 percent) is seen, and NEGLIGIBLE when there is no progress or a decline
in performance.
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The Panel recommends that a UMR — IWW report card use both a tabular
progress report as in Table 7 with time series charts like Figure 13 for some or all
endpoints. Planners may also determine that, considering the importance of
location and scale in ecological function and condition, regional report cards may
be required for some or all endpoints (e.g., status and trends indicators). An
overall text comment on the set of endpoints should summarize status and
progress for each endpoint and for the overall system. A final note on interpre-
tation is needed for ecosystem management assessment. Unlike a school report
card, poor ratings or even deteriorating endpoint status does not necessarily
imply management failure. Factors outside management control can determine
endpoint values in some or many years. In the case of nutrient concentrations
used here, UMR — [WW management cannot control upland land use practices
and tributary basin runoff inputs of nutrients. Nevertheless, knowing that some
endpoints fall short of target values is important for judging system health and
trend even when the involved managers cannot largely influence causes. It is the
context of status and trend across all endpoints that is intended to give a full
appreciation for where the UMR — IWW stands in any year, and how manage-
ment programs may or may not be improving the system.

Evaluation and Monitoring
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7 Learning and Adaptation

Learning and adaptation are the elements of an adaptive management process
that close the feedback loop and begin the iterative process over again. In this
phase of the process, information (in the form of monitoring data, results of
experimental manipulations, and predictive models) is issued to either confirm
existing beliefs, or provide new descriptions of system status and function. While
much of the technical learning takes place within the scientific community,
different kinds of information need to be “learned” at all levels of the decision-
making process. A scientist, for example, may determine that a new and different
combination of physical and hydraulic variables is much better at explaining the
response of aquatic vegetation to newly constructed islands. The use of that
knowledge by habitat project designers to increase vegetation response is one
kind of adaptation. If that change produces a much more favorable cost/benefit
ratio, it leads to learning by program managers, so that they can allocate
resources more effectively. Still further, if progressive iterations of the new
design at numerous sites warrant a modification to vegetation goals and objec-
tives that affects other uses of the system, policy makers must learn how and why
in order to weigh policy alternatives. When uncertain ecosystem responses are
possible, successful learning may be as valuable as restoration itself.

Learning

The use of conceptual and predictive models in learning was discussed
extensively in Chapter 3. Here, the application of two other types of information
relative to potential future adaptive management on the UMR — IWW are briefly
discussed.

Synthesis of monitoring data

The first major synthesis of LTRMP data was reported in 1999 (USGS
1999). Lubinski and Theiling (1999) made an initial attempt at defining major
criteria that determine the overall health of large, river-floodplain systems like
those of the UMR — IWW, and used those criteria to evaluate four different
reaches. However, the authors acknowledged that the evaluation process was far
from complete. The next LTRMP synthesis report, as well as any produced by an
adaptive management program following the feasibility study, should be
designed to be an effective tool within the comprehensive adaptive management
process. The criteria for measuring river ecosystem health should be closely
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matched to the essential ecosystem characteristics and endpoints of a conceptual
model that has been reviewed and accepted by the public and scientific commu-
nity. Further, the focus of future monitoring syntheses should be on a specific set
of scientifically derived endpoints and measures that are closely linked to the
essential ecosystem characteristics of the conceptual model (see Harwell et al.
(1999)).

Evaluation of experimental manipulations

The enhanced value of scientifically designed and adequately monitored,
large-scale experimental manipulations derives from the inferences that can be
drawn from their results. For example, it should be possible after a pool elevation
drawdown to not only know how plant composition and distribution at a selected
site changed, but what the likely results would be if the duration or timing of the
drawdown were modified in the future. The Panel is aware of the dilemma that
has grown around the dual desire within the Environmental Management
Program to fully support habitat rehabilitation by minimizing costs for project
monitoring while learning as much as possible from the projects. Clearly there
will be limited “learning” returns from the extensive monitoring of projects that
are primarily intended to repeat well-known and tested management actions.
However, innovative and untested actions should be considered not just impor-
tant learning opportunities but perhaps the only learning opportunities that exist,
and therefore they should be supported with strong scientific designs and
monitoring programs.

Adaptation

The concept of adaptation is relatively simple. Disciplined adaptation,
however, within a program that addresses the desires of many different
stakeholders, is a difficult process to implement and control.

In addition to the many other problems associated with implementing
adaptive management discussed in previous chapters of this report, there is also
the question of “When to adapt?” While the acquisition of some information,
such as from a controlled experiment or a monitoring program, can be planned,
other information arrives unexpectedly. Furthermore, the time in which certain
ecosystem components respond to management actions may also vary con-
siderably. Acquiring knowledge about the response of the UMR — IWW to a one-
in-200-year flood, for example, cannot be predicted.

Adaptive management on the UMR — IWW requires both an ability to
change on a regular, predictable schedule, and also, if necessary, in rapid
response to unpredicted events. Given what we know about year-to-year
variability of large river conditions, it seems realistic to consider establishing a
regular system status review at intervals of 5 to 10 years, similar to the schedule
that has been adopted for LTRMP synthesis reports. However, a rapid response
decision-making mechanism should also be considered as a vital element of a
future adaptive management process.

Learning and Adaptation
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Finally, we encourage the Corps and UMR — IWW stakeholders, as they
develop a more and more integrated goal-setting process, to consider the
importance of well-thought-out, long-term goals, and, in addition, the need to
take a conservative approach to changing those goals from one interval of
adaptation to another. If stated well, a long-term ecosystem goal should not be
subject to fads or political whim. The restoration of desirable conditions for
many of the ecosystem elements of the UMR — IWW is likely to require decades
rather than years. Success will require unwavering commitment as well as vision.
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8 Recommendations

Adaptive Management

We recommend that planning for a formal Adaptive Management
approach on the UMR — IWW be accelerated and expanded to include
multiple organizations and programs.

Corps and stakeholder documents acknowledge that important features of the
UMR — IWW ecosystem continue to degrade in spite of current levels of habitat
rehabilitation. A formal Adaptive Management program offers the most promise
of stabilizing and reversing this degradation as quickly and effectively as
possible by maximizing the use of available scientific information. Progress will
be most rapid if this Adaptive Management approach builds upon and enhances
the existing programs of partner agencies and organizations. The work must be
collaborative, driven by a common set of goals and objectives reviewed at
regular intervals by all participants. Constraints of policy and legislative
authority will likely continue to limit the scope of activities the Corps will be
able to pursue, so it is essential that other agencies and organizations, with
responsibilities for addressing different elements of river ecosystem health, be
full participants to fill these gaps. These concepts are fundamental to Adaptive
Management.

Adaptive management can include both active and passive strategies. Active
adaptive management should continue to include actions that have already been
tested, such as drawdowns and island creation, as well as more innovative and
perhaps untested actions such as those intended to increase fish passage oppor-
tunities. Passive adaptive management can be more reactive, including necessary
responses to natural events such as droughts, floods, and climate change. The
iterative nature of adaptive management, in contrast to more centralized “com-
mand and control” management, will foster greater emphasis on large-scale
experimental manipulations that, together with adequate monitoring, will result
in planned learning and rapid application of information to resource problems.

When stakeholders are uncertain about the outcomes of management actions,
the actions should be considered hypotheses and addressed from the perspective
of rigorous experimental design and decision analysis. Uncertainty should be
recognized and then analyzed formally, and monitoring designs used to fill key
gaps in information and understanding.
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To foster comprehensive and formal adaptive management, we encourage
continued discussion of alternative institutional arrangements. Effective institu-
tional arrangements can facilitate enhanced learning from management actions
by: (1) establishing open channels of communication and data sharing,

(2) standardizing methods, and (3) recognizing time expended to evaluate project
performance as a contribution to project cost-sharing. Perhaps more importantly,
effective institutional arrangements can and should promote project planning that
includes formal steps to identify the key questions addressed through project
implementation. Effective institutional arrangements should also facilitate regular
review of all recent information to assess progress toward the stated objectives.

The experiences gained through adaptive management on other systems (i.e.,
Everglades, Glen Canyon, and Chesapeake Bay) should be used to provide guid-
ance in all applicable areas of river management, from goal setting to measuring
performance. An effective institutional arrangement can promote learning from
management of other systems by facilitating professional exchanges (i.e. such as
temporary tours of duty of agency personnel, intersystem conferences, etc.) that
cut across agency or organization boundaries.

The links that connect scientific measures of system condition to system
objectives, and the relationships between stressors and essential ecosystem
characteristics need to be clearly articulated, widely communicated, and
generally accepted. Frequent reference to the conceptual model and the adaptive
management framework, through common dialogue, will be required to ensure
that managers and stakeholders stay engaged in the adaptive management
process, keeping in mind why certain elements of the ecosystem are considered
essential, and discussing the use of measures and related data in evaluating
progress toward objectives.

Goals and Objectives

We commend the Corps and the UMR — IWW partners for collabora-
tively developing and supporting a vision of economic and ecosystem
sustainability for the UMR — IWW, but recommend continued clarification
and integration of the ecosystem goals and objectives developed so far
through stakeholder input. Further we note the need to begin, also collabor-
atively, a structured process for rigorous and quantifiable evaluation of
unavoidable trade-offs between the ecological and economic values of the
system.

Clearly, planning for river management should be based on integrated goals
and objectives that together represent desired future conditions of the UMR —
IWW at several spatial scales. The goals and objectives resulting from the
stakeholder workshops reflect the desires of many interest groups in terms that
span a wide range of concerns. The stated goals are ecologically sound, but
valuable to managers only if they are clearly linked to specific actions. The
objectives, as presented to the Panel, were somewhat ambiguous, thus detracting
from their value for directing an operational management process.
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Some of the ambiguity in the objectives may result from their disconnection
from a hierarchical structure. Thus, linkages between goals and objectives are
somewhat vague. The linkages need to be clear, so that in the future when
progress on a specific objective is evaluated, the overall context of that objective
is understood. Strong linkages between the goals and objectives will also pro-
mote consistency of program priorities over time. Future work to integrate the
existing objectives will be more effective if scientists and stakeholders are given
the opportunity to discuss them together.

Generally, the goals and objectives are focused mostly on the structural
features of the river ecosystem. Few objectives appeared to recognize the value
of the ecological services that the river provides. The full value of an ecosystem
can only be understood, and its resources managed, in the context of these goods
and services. The goal of sustainable resource management for the UMR — IWW
can only be met by ensuring that these goods and services are generated by the
ecosystem in perpetuity, guaranteeing their availability to all future generations.
Sustaining the ecological health of the UMR — IWW, and the range of goods and
services that it generates, will require a collaborative approach to management
that seeks conditions for the river biota and the human users that are “adequate
for all,” rather than “optimum for a few.” This implies a fundamental grasp of
river ecosystem dynamics and functions and recognizes the ecological impor-
tance of a highly variable and diverse mosaic of structures and processes that
may not be especially attractive to humans. Whole-system restoration will
require constant maintenance and intervention with no guarantee that the result-
ing system will ever completely provide the same level of ecosystem goods and
services as a self-maintaining, healthy ecosystem.

In order to evaluate future tradeoffs objectively, the collective understanding
that exists about the river ecosystem will ultimately have to be expanded to
include socio-economic conditions and values. The discussion of such trade-offs
was beyond the explicit responsibilities assigned to the Panel, but we note that on
other systems, substantial progress has been made in this area over the last two
decades. The sooner a satisfactory process to evaluate trade-offs can be initiated,
the sooner stakeholders will be able to integrate and advance economic and
ecosystem goals and objectives in concert with each other.

Modeling

We recommend that conceptual and simulation modeling be formally
established as vital steps in the adaptive management process to: 1) record
the current state of the system; 2) create a holistic “virtual” reference
system, based on goals and objectives expressed by stakeholders; and
3) predict system-level outcomes of alternative actions and policies.

The desired future condition of the UMR — IWW ecosystem cannot be based
solely on “natural” (i.e., historic or pre-disturbance) conditions, because so much
of the system has been altered. The broad variety of goals and objectives that
have been expressed by stakeholders may be thought of as pieces of a puzzle. A
systemic vision of the desired future river is critical to understanding whether the
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identified pieces will be “enough” to construct the whole puzzle. A strategy that
includes conceptual modeling of the future desired system, as well as the existing
system, can yield an enhanced view of how the system as a whole should be
structured, and how the individual pieces are expected to interact with each other.

During the process of adaptive management, a “virtual” reference system can
act as the perceived “ideal” and holistic standard against which future progress
can be measured, and a progressively enhanced understanding of comprehensive
ecosystem function and response to human activities can be developed. Attention
to achieving desirable conditions at multiple scales (both spatial and temporal) is
vital for a system as large and complex as the UMR — IWW. The process of con-
ceptual modeling can be designed to evaluate local, pool, and reach conditions.

Models can and should be used to develop concepts, simulate processes,
refine hypotheses, forecast future conditions, conduct planning, assess the results
of monitoring, identify additional information needs, and inform stakeholders.
Existing ecological models can be adapted to provide a useful set of tools scaled
appropriately to different management objectives. Models simulating ecological
processes must be designed and linked together with the appropriate time and
spatial scales. Integrated models are needed for management of the UMR —
IWW. The models should be hierarchically organized according to scale and
process to effectively represent the range of natural and anthropogenic factors
that shape the condition of the UMR — IWW ecosystem. Hierarchical model
development should lead to the development ultimately of a UMR — IWW
ecological modeling system consisting of modules, which can operate inde-
pendently or interactively depending on specific application requirements.

Models for sediment and water-borne nutrients, mobilized from the land-
scape, and their transport and fate processes in the stream network need to be
linked with river and reservoir water quality models to simulate loading of
materials from tributary watersheds. An important element of these refinements
must be the capability to simulate channel geomorphic response and sediment
transport in the tributary rivers. Such integrated models will be needed to identify
ecologically effective watershed management alternatives, and to optimize
investment in best management practices regionally. This kind of integrated
model system should be developed to provide a quantitative basis for setting
attainable objectives and endpoints for sediment and nutrient loadings to the
UMR - ITWW.

The selected ecosystem model framework should be flexible, and have the
ability to link with Geographic Information Systems to generate spatially explicit
simulations and visualization products. A model of the UMR — IWW ecosystem
and environment should be part of a Decision Support System (DSS) supporting
informed management decision-making. The DSS should enable the calculation
of the benefits (both monetary and non-monetary) of ecosystem services affected
by alternative management actions.

Implementing of conceptual and simulation models will challenge the insti-
tutional framework of the UMR — IWW. Modeling will require participation of
many individuals and institutions to provide the necessary expertise. Because
more decisions will depend heavily on model results, the models will have to be
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developed collaboratively and transparently to ensure all stakeholders adequately
understand the models and have open access to modeling assumptions, tools, and
results.

Management Actions

We recommend that management actions available for implementation
on the UMR — IWW focus on the attainment of goals and objectives at the
system level--with appropriate attention to risk and uncertainty as key
considerations in the Adaptive Management process.

Lack of knowledge of how the original ecosystem once functioned makes
selective management (e.g., for selected species) speculative and unlikely to be
successful in achieving sustainability at an ecosystem level. Management needs
to focus on the attainment of accepted goals and objectives as components of the
desired future condition. It is critical that restoration actions be planned and
implemented at the system level, based on an improved understanding (through
continued research) of contributing ecological processes across species and
locations. Expanding the scope of available management actions (e.g., changes in
land use in the basin) should be considered in ultimately providing environmental
benefits beyond what can be accomplished only in the river corridor. However,
such an expansion of capabilities is beyond the scope of the Navigational
Feasibility Study, and will likely require substantial changes in existing institu-
tional arrangements on the UMR — IWW.

The outcomes of management actions in complex ecosystems will always be
uncertain. Models and monitoring programs developed to support decision-
making are also fraught with uncertainty. Therefore, we recommend that sensi-
tivity and uncertainty analyses be conducted to identify the key sources of
uncertainty that will potentially impact the effectiveness of specific management
actions. Resources should then be allocated to obtain any critical information
identified in this process and to develop and revise models as needed to reduce
uncertainty to acceptable levels and increase the value of the adaptive manage-
ment process.

To the extent possible, the feasibility and effectiveness of all management
actions should be evaluated in relation to the goals and objectives they are meant
to address. The example, already under way, of evaluating the probabilities
associated with drawdowns on various navigation pools demonstrates the value
of predicting how effective an action is likely to be. Such evaluations can be
especially valuable in forecasting threshold levels of effort required for alterna-
tive management actions.

Monitoring and Evaluation
We recommend the development of a UMR — IWW Ecosystem Report

Card procedure and appropriate monitoring program to regularly evaluate
system condition and progress toward attainment of objectives.
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Managers of the UMR — IWW are fortunate to have available the extensive
data sets created under the LTRMP and related studies. The value of the LTRMP
can be improved once an Ecosystem Report Card is developed and relevant end-
points and measures are incorporated into the monitoring program. The Report
Card needs to be developed to accurately and frequently reflect condition of the
river ecosystem in the context of its desired future condition. Endpoints with
quantitative, time-bound, and spatially explicit metrics should be selected for
many aspects (objectives) of the desired future condition of the UMR — IWW to
enable monitoring and tracking of progress toward attaining broad goals for the
condition of the UMR — IWW ecosystem.

We also suggest that the UMR — IWW be inventoried to identify specific
areas that can be classified as “internal references” that could be studied and
assessed to determine blends of processes that are sustainable within the present
ecosystem. Where lacking, critical information on natural ecosystem processes in
the Mississippi River may also be inferred by incorporating findings from studies
conducted on similar, but unregulated rivers.

Institutional arrangements should support the UMR — IWW Ecosystem
Report Card process as an unbiased evaluation, accepted by all stakeholders. The
Report Card should include evaluation of the progress of management actions
toward improving system condition as well as system condition. As such, the
Report Card will serve as a tool to promote accountability of agencies to
stakeholders’ input.

Adaptation and Learning

We recommend that selected future management actions be specifically
considered as experimental manipulations, intended not only to achieve
stated objectives and to enhance ecosystem health, but also to provide
knowledge in a predictable and structured way.

Uncertainties exist at all levels of river science and management. Models
may predict the results of management actions using the best and most up-to-date
science available, but applications of model results are always subject to local
and frequently unpredictable conditions. There appear to be many relatively
low-cost opportunities to expand the context of river management actions to
include scientific control and treatment features that would greatly accelerate
learning, and therefore improve the effectiveness of all subsequent actions.
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Appendix A
Glossary

Adaptive Management (AM) — An approach to natural resource management that
monitors of project outcomes and uses the monitoring results to make revisions
and refinements to ongoing management actions. (adapted from National
Academy of Science (2002)).

Benefits — Outcomes of management actions described in terms of relative value
(adapted from O'Neil and Bartoldus (2002)).

Components — Discernable or distinct parts that exist in the ecosystem, and
together with other components, constitute or encompass the entirety of the eco-
system. Components may be organisms, physical features, patterns, or processes.

Disturbances — Natural occurrences that cause rapid and extensive change, rela-
tive to the scales of the ecosystem. Disturbances can be biotic and abiotic, and
take place at different frequencies of occurrence, duration, intensity, and spatial
extent.

Drivers — Natural fundamental forces and fluxes that structure ecosystems.

Economic Coordinating Committee (ECC) — An oversight team of economic
interests in the UMR — IWW region concerned with the economic development
impacts of the UMR — IWW expansion. The group is composed of entities such
as the Midwest Area River Coalition 2000 (MARC 2000), Upper Mississippi,
Illinois, and Missouri River Association (UMIMRA), and farm groups such as
the corn and soybean growers associations.

Endpoints — Selected components of the ecosystem that may be ecologically
important, valued by humans, and used to evaluate changes in the ecosystem.

Essential Ecosystem Characteristics (EEC) — Categories of major components in
the ecosystem that link the interests of society and science and are used to
organize components into meaningful classes.

Function — The biological, physical, and chemical processes that occur in natural
systems (O’Neil and Bartoldus 2002).
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Goals — Articulation of societal values and desired future ecosystem conditions.
Goals are generally broad in nature and further defined by more specifically
stated objectives, and implemented with management actions directed toward
endpoints (adapted from Harwell et al. (1999)).

Hydroscape — description of the spatial and temporal distributions of water depth
and velocity that define much of physical aquatic habitat.

Management Actions — Human activities that are intended to affect endpoints and
attain objectives.

Navigation Environmental Coordinating Committee (NECC) — An oversight
committee composed of the five UMR — IWW states and federal natural resource
agencies and environmental non-governmental organizations such as Mississippi
River Basin Alliance (MRBA), American Rivers, and the [zaac Walton League,
among others.

Objectives — A clear statement of desired future conditions of an ecosystem or an
endpoint.

Pattern — A characteristic, repeatable, or predictable occurrence of ecosystem
components. Sometimes referred to as structure. Pattern is seen in both biotic and
abiotic components.

Performance criteria — Criteria for the endpoints, e.g., acceptable range,
thresholds, or limits; based on scientific understanding of desired ecological
conditions (adapted from Harwell et al. (1999)).

Process — The biological, physical, and chemical flows of energy and material
between and among components of ecosystems (adapted from O'Neil and
Bartoldus (2002)).

Services — Humanly valued outputs resulting from functions of natural systems.

Significant — Likely to have a material bearing on the decision-making process.
Significance is based on institutional, technical, and public recognition.
Resources and effects of alternative management actions are evaluated for
significance (U.S. Water Resources Council 1983).

Stressors — A physical, chemical, or biological perturbation to a system that is
either a) foreign to that system, or b) natural to the system but applied at an
excessive (or deficient) level (Barrett et al. 1976).

Structure — The spatial and temporal occurrence and arrangement of components

of an ecosystem; the physical manifestation of patterns and processes (adapted
from O’Neil and Bartoldus (2002)).
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Appendix B. Site-Specific Environmental Objectives - Maps

The following maps display site-specific UMR-IWW environmental objectives identified
and reviewed by workshop participants. The maps are organized by UMR-IWW
pool/river reach and display icons representing the objectives. Icon numbers are also
provided that link the mapped objectives to the tables in Appendix C. These tables
contain descriptive information about the objectives.

Note: This appendix was originally published as Appendix B in the following document:

DeHaan, H. C., McVay, N. M., Theiling, C. H., and Soileau, R. S. (2003). "Environmental
Objectives Planning Workshops," ENV Report 50, Upper Mississippi River-Illinois
Waterway System Navigation Study, U.S. Army Engineer District, Rock Island, IL. and
U.S. Army Engineer District, St. Paul, MN.
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Appendix C. Site-Specific Environmental Objectives - Tables

The following tables provide descriptive information for the site-specific UMR-IWW environmental objectives identified and

reviewed by workshop participants. The tables are organized by UMR-IWW pool/river reach. The icon numbers in the first column
link the descriptive information to the mapped objectives in Appendix B.

Note: This appendix was originally published as Appendix C in the following document:

DeHaan, H. C., McVay, N. M., Theiling, C. H., and Soileau, R. S. (2003). "Environmental Objectives Planning Workshops," ENV

Report 50, Upper Mississippi River-11linois Waterway System Navigation Study, U.S. Army Engineer District, Rock Island, IL. and
U.S. Army Engineer District, St. Paul, MN.
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Table C1. site_specific IMR-IWW Environmental Qb

ctives (Pnnl 1

lcon| Ecosystem Element Parameter Extent Target Range Season  Frequency Target Date Comments
Island development for riparian corridor RM
1 Pattern of Habitats Terrestrial Areas |Island 858-854
2 Pattern of Habitats Aquatic Areas Other 10 2015 Rapids/Riffle
3 Pattern of Habitats Aquatic Areas Other 10 2015 Rapids/Riffle
4|Pattern of Habitats Land Cover/Use Open Water
5 Pattern of Habitats Land Cover/Use Grassland
6 Pattern of Habitats Aquatic Areas Other 10 2015 Rapids/Riffle
7 Pattern of Habitats Aquatic Areas Other 10 2015 Rapids/Riffle
8 Pattern of Habitats Aquatic Areas Other 10 2015 Rapids/Riffle
9 Pattern of Habitats Aquatic Areas Other 10 2015 Rapids/Riffle
10 Pattern of Habitats Aquatic Areas Other 10 2015 Rapids/Riffle
11 Pattern of Habitats Aquatic Areas Other 10 2015 Rapids/Riffle
12 Pattern of Habitats Aquatic Areas Other 10 2015 Rapids/Riffle
15 Geomorphology Other 10 2015 Restore Rapids, St. Anthony falls to L&D1
18 Pattern of Habitats Aquatic Areas Other 10 2015 Rapids/Riffle
20| Pattern of Habitats Aquatic Areas Other 10 2015 Rapids/Riffle
23| Pattern of Habitats Aquatic Areas Other 10 2015 Rapids/Riffle
30| Pattern of Habitats Aquatic Areas Other 10 2015 Rapids/Riffle
Variable drawdown as needed to restore
33 Geomorphology Water Level Main Channel |Other vegetation
36 Geomorphology Connectivity Longitudinal

UMR-IWW System Navigation Feasibility Study
Environmental Objectives Planning Workshops
DRAFT REPORT
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Table C2. Site-specific UMR-IWW Environmental Objectives (Pool 2).

Icon | Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
13 Pattern of Habitats Terrestrial Areas | Contiguous Floodplain } )
14 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
16 Pattern of Habitats Land Cover/Use Open Water
17 Pattern of Habitats Land Cover/Use Emergent Aquatics
19 Pattern of Habitats Land Cover/Use Emergent Aquatics
Increase emergent and
21 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
22 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
24 |Pattern of Habitats Terrestrial Areas |Contiguous Floodplain
25| Pattern of Habitats Terrestrial Areas |Contiguous Floodplain
26 | Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
27 Geomorphology Connectivity Secondary Channel
28 | Pattern of Habitats Land Cover/Use Emergent Aquatics
29 /Geomorphology Connectivity Floodplain
Reduce loading of nitrogen,
phosphorus, and endocrine
31 Water Quality Other disrupters
32 Geomorphology Backwater Depth Backwater Areas
34 Geomorphology Backwater Depth Backwater Areas
35| Water Quality Water Clarity Backwater Areas
Increase emergent and
37 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
38 | Pattern of Habitats Terrestrial Areas |Island
39| Pattern of Habitats Land Cover/Use Emergent Aquatics
40 Pattern of Habitats Aquatic Areas Other 10 2015 |Rapids/Riffles
41 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
42 Water Quality Water Clarity Backwater Areas
43 Pattern of Habitats Terrestrial Areas |Contiguous Floodplain
44 Pattern of Habitats Land Cover/Use Submersed Aquatics
45 Pattern of Habitats Land Cover/Use Grassland
46 Pattern of Habitats Land Cover/Use Emergent Aquatics
47 Geomorphology Connectivity Secondary Channel

UMR-IWW System Navigation Feasibility Study
Environmental Objectives Planning Workshops
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Table C2. Site-specific UMR-IWW Environmental Objectives

Pool 2, cont.).

Icon Ecosystem Element Parameter Extent Target Range | Season Frequency Target Date Comments
3 3 Reduce nitrogen, phosphorus,

48 Water Quality Other algae, and sediment

Moderate the hydrologic regime of
49 Geomorphology Water Level Other the Minnesota River
50 Geomorphology Connectivity Secondary Channel
51 |Pattern of Habitats Land Cover/Use Emergent Aquatics
52 |Pattern of Habitats Land Cover/Use Emergent Aquatics
53| Pattern of Habitats Land Cover/Use Submersed Aquatics
54| Pattern of Habitats Land Cover/Use Submersed Aquatics
55| Pattern of Habitats Land Cover/Use Submersed Aquatics
56| Pattern of Habitats Land Cover/Use Submersed Aquatics
57 Geomorphology Water Level Backwater Areas See Long Meadow Lake HREP
58 Pattern of Habitats Land Cover/Use Forest See Long Meadow Lake HREP
59| Pattern of Habitats Land Cover/Use Emergent Aquatics
60 Pattern of Habitats Land Cover/Use Emergent Aquatics See Long Meadow Lake HREP
61 Pattern of Habitats Land Cover/Use Emergent Aquatics
62 | Pattern of Habitats Land Cover/Use Emergent Aquatics
63 Pattern of Habitats Land Cover/Use Grassland
64 Pattern of Habitats Terrestrial Areas |Island
65 Pattern of Habitats Land Cover/Use Grassland
66| Pattern of Habitats Land Cover/Use Submersed Aquatics
67  Geomorphology Connectivity Secondary Channel
68 Water Quality Water Clarity Backwater Areas

Increase emergent and
69| Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
70 Geomorphology Backwater Depth Backwater Areas
71 |Pattern of Habitats Land Cover/Use Grassland
72 | Pattern of Habitats Land Cover/Use Grassland
73| Pattern of Habitats Land Cover/Use Submersed Aquatics
74 \Water Quality Water Clarity Backwater Areas

Increase emergent and
75 Pattern of Habitats ~ Land Cover/Use Emergent Aquatics submersed aquatics
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Table C2. Site-specific UMR-IWW Environmental Objectives (Pool 2, cont.).

Icon Ecosystem Element Parameter Extent Target Range Season  Frequency Targ_jet Date Comments
76 | Pattern of Habitats Land Cover/Use Grassland
Increase emergent and
77 Pattern of Habitats Land Cover/Use |Emergent Aquatics submersed aquatics
78 | Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
79 Pattern of Habitats Land Cover/Use Grassland
Increase emergent and
80| Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
81 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
82 |Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
83 | Pattern of Habitats Land Cover/Use Submersed Aquatics
84 Pattern of Habitats Terrestrial Areas | Contiguous Floodplain
85 | Pattern of Habitats Terrestrial Areas |Island
86 Water Quality Water Clarity Backwater Areas
87 \Water Quality Water Clarity Backwater Areas
88 Geomorphology Backwater Depth Backwater Areas
89 Pattern of Habitats Terrestrial Areas |Island
Increase emergent and
90 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase emergent and
91 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
92 Geomorphology Backwater Depth Backwater Areas
93 | Pattern of Habitats Terrestrial Areas |Island
94 |Pattern of Habitats Land Cover/Use Grassland
95 | Pattern of Habitats Land Cover/Use Grassland
Increase emergent and
96 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase emergent and
97 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase emergent and
98 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
99 | Pattern of Habitats Terrestrial Areas |Island
100 Pattern of Habitats Terrestrial Areas |Island
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Table C2. Site-specific UMR-IWW Environmental Objectives (Pool 2, cont.).

Icon Ecosystem Element Parameter Extent Target Range | Season Frequency Target Date Comments
101 Pattern of Habitats Terrestrial Areas | Contiguous Floodplain ) 3
102 Pattern of Habitats Terrestrial Areas |Island
103 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
104 Pattern of Habitats Terrestrial Areas |Island
105 Pattern of Habitats Terrestrial Areas |Island
Increase emergent and
106 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
107 | Geomorphology Backwater Depth Backwater Areas
Increase emergent and
108 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
109 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
110 Pattern of Habitats Terrestrial Areas |Island
111 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
112 Pattern of Habitats Land Cover/Use Emergent Aquatics
113 Pattern of Habitats Terrestrial Areas |Island
Variable drawdown as needed to
114 Geomorphology Water Level Main Channel Other restore vegetation
115/ Geomorphology Backwater Depth Backwater Areas
116 Pattern of Habitats Terrestrial Areas |Island
117 \Water Quality Water Clarity Backwater Areas
Increase emergent and
118 | Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
119 Geomorphology Connectivity Longitudinal
120 Geomorphology Backwater Depth Backwater Areas
123 Water Quality Water Clarity Backwater Areas
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Table C3. Site-specific UMR-IWW Environmental Objectives (Pool 3).

lcon Ecosystem Element Parameter Extent Target Range Season  Frequency | Target Date Comments
121 Pattern of Habitats Land Cover/Use Forest
Increase emergent and submersed
122 Pattern of Habitats Land Cover/Use |Emergent Aquatics aquatics
124 \Water Quality Water Clarity Backwater Areas
125 Pattern of Habitats Land Cover/Use Other Sand/Mud Flat
126 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
127 Pattern of Habitats Terrestrial Areas |Island
Limit northward migration of exotic
128 Plants and Animals Other species
129/ Geomorphology Connectivity Floodplain
130 Geomorphology Connectivity Floodplain
131 Pattern of Habitats Land Cover/Use Grassland
132 Pattern of Habitats Land Cover/Use Emergent Aquatics
133 Pattern of Habitats Land Cover/Use Grassland
134 Pattern of Habitats Land Cover/Use Forest
135 Pattern of Habitats Land Cover/Use Grassland
136 Geomorphology Backwater Depth | Backwater Areas
137 Pattern of Habitats Land Cover/Use Forest
Fish passage structure, fish passage
138 Geomorphology Connectivity Floodplain through the slough
139 Pattern of Habitats Land Cover/Use Grassland
140 Geomorphology Connectivity Floodplain
141 Pattern of Habitats Land Cover/Use Forest
142 Pattern of Habitats Land Cover/Use Grassland
143 Pattern of Habitats Land Cover/Use Grassland
Delta, reduce sediment input and
144 Pattern of Habitats Terrestrial Areas Other delta formation
145/ Geomorphology Connectivity Floodplain
Increase emergent and submersed
146 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
147 Geomorphology Connectivity Floodplain
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Table C3. Site-specific UMR-IWW Environmental Objectives (Pool 3, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season  Frequency | Target Date Comments
Increase emergent and submersed
148 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
149 Pattern of Habitats Land Cover/Use Grassland
150 Water Quality Water Clarity Backwater Areas
151 Pattern of Habitats Land Cover/Use Grassland
152 Geomorphology Backwater Depth 'Backwater Areas
153 Pattern of Habitats Aquatic Areas Isolated Backwater Wetland restoration
154 |Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
155 Pattern of Habitats Terrestrial Areas |Island
156 |Pattern of Habitats Land Cover/Use Other Sand/Mud Flat
157 Geomorphology Backwater Depth | Backwater Areas
Increase emergent and submersed
158 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
159 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
160 Geomorphology Backwater Depth | Backwater Areas
161 Pattern of Habitats Terrestrial Areas |Island
162 Pattern of Habitats Land Cover/Use Other Sand/Mud Flat
163 Water Quality Water Clarity Backwater Areas
164 Pattern of Habitats Land Cover/Use Grassland
165 Pattern of Habitats Land Cover/Use Grassland
166 Geomorphology Backwater Depth | Backwater Areas
167 Pattern of Habitats Land Cover/Use Other Sand/Mud Flat
Delta, reduce sediment input and
168 Pattern of Habitats Terrestrial Areas Other delta formation
169 Water Quality Water Clarity Backwater Areas
170 Pattern of Habitats Land Cover/Use Grassland
171 Pattern of Habitats Terrestrial Areas |Island
Increase emergent and submersed
172 | Pattern of Habitats Land Cover/Use |Emergent Aquatics aquatics
173 Geomorphology Backwater Depth 'Backwater Areas
174 Pattern of Habitats Land Cover/Use Emergent Aquatics
175 Pattern of Habitats Land Cover/Use Other Sand/Mud Flat
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Table C3. Site-specific UMR-IWW Environmental Objectives (Pool 3, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season  Frequency | Target Date Comments
176 Pattern of Habitats Terrestrial Areas |Island
177 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
178 Pattern of Habitats Land Cover/Use Grassland
Increase emergent and submersed
179 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
180 Water Quality Water Clarity Backwater Areas
181 Pattern of Habitats Land Cover/Use Grassland
182 Geomorphology Connectivity Floodplain
183 Geomorphology Backwater Depth |Backwater Areas
184 Pattern of Habitats Land Cover/Use Grassland
185 Pattern of Habitats Land Cover/Use Grassland
186 Pattern of Habitats Land Cover/Use Grassland
187 \Water Quality Other Reduce thermal loading
For Marsh and Gattnbine Lakes,
188 Geomorphology Connectivity Floodplain Gattinbine Sub-Area Complex
189 Pattern of Habitats Land Cover/Use Grassland
Increase emergent and submersed
190 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
191 Water Quality Water Clarity Backwater Areas
192 Geomorphology Backwater Depth 'Backwater Areas
193 Plants and Animals Other Invasive species control point
194 Pattern of Habitats Land Cover/Use Grassland
Variable drawdown as needed to
195 Geomorphology Water Level Main Channel Other restore vegetation
196 Geomorphology Connectivity Longitudinal
197 |Pattern of Habitats Land Cover/Use Grassland
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Table C4. Site-specific UMR-IWW Environmental Objectives (Pool 4).

Icon | Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
198 Geomorphology Backwater Depth |Backwater Areas
199 Geomorphology Connectivity Floodplain
200 Geomorphology Backwater Depth |Backwater Areas
Delta, reduce sediment input and]
201 Pattern of Habitats Terrestrial Areas Other delta formation
Secchi disk
202 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
203 Pattern of Habitats Land Cover/Use Emergent Aquatics
204 Pattern of Habitats Land Cover/Use Forest
205 Geomorphology Connectivity Floodplain Use levee to reduce connectivity
206 Pattern of Habitats Aquatic Areas Secondary Channel
207 Pattern of Habitats Terrestrial Areas |Island Island Protection
208 Geomorphology Backwater Depth | Backwater Areas
Increase emergent and
209|Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Secchi disk
210 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
Increase emergent and
211 Pattern of Habitats Land Cover/Use |Emergent Aquatics submersed aquatics
212 Geomorphology Connectivity Floodplain Use levee to reduce connectivity
213 Pattern of Habitats Terrestrial Areas |Island Island Protection
214 Pattern of Habitats Land Cover/Use Emergent Aquatics
215 Geomorphology Water Level Backwater Areas
216 Pattern of Habitats Terrestrial Areas |Island
217 Geomorphology Backwater Depth | Backwater Areas
218 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
219 Pattern of Habitats Terrestrial Areas |Island
220 Pattern of Habitats Land Cover/Use Emergent Aquatics
Secchi disk
221 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
222 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
223 Geomorphology Connectivity Floodplain Use levee to reduce connectivity
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Table C4. Site-specific UMR-IWW Environmental Objectives (Pool 4, cont.).

Icon | Ecosystem Element Parameter Extent Target Range Season | Frequency Target Date Comments
224 Pattern of Habitats Terrestrial Areas |Island
225|Pattern of Habitats Terrestrial Areas |lIsland
226 | Pattern of Habitats Terrestrial Areas |Island Island Protection
227 | Pattern of Habitats Terrestrial Areas |Island
Secchi disk

228 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
229|Pattern of Habitats Terrestrial Areas |Island Island Protection
230|Pattern of Habitats Terrestrial Areas |lIsland Island Protection

Delta, reduce sediment input and]
231|Pattern of Habitats Terrestrial Areas Other delta formation

Reduce sediment loading from

Minnesota River, Filling upper
232 Water Quality Other portion of Lake Pepin
233|Pattern of Habitats Terrestrial Areas |Island Island Protection
234 Pattern of Habitats Terrestrial Areas |Island
235 Pattern of Habitats Aquatic Areas Impounded Area

Increase emergent and
236 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics

Secchi disk

237 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years

Delta, reduce sediment input and]
238 | Pattern of Habitats Terrestrial Areas  Other delta formation
239 Geomorphology Backwater Depth Backwater Areas
240|Pattern of Habitats Terrestrial Areas |lIsland Island Protection

Delta, reduce sediment input and]
241 | Pattern of Habitats Terrestrial Areas  Other delta formation
242 Pattern of Habitats Aquatic Areas Main Channel
243 | Pattern of Habitats Terrestrial Areas |lIsland Island Protection
244 Pattern of Habitats Land Cover/Use Emergent Aquatics
245 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
246 Pattern of Habitats Aquatic Areas Secondary Channel
247 | Pattern of Habitats Terrestrial Areas |Island
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Table C4. Site-specific UMR-IWW Environmental Objectives (Pool 4, cont.).

Icon | Ecosystem Element Parameter Extent Target Range Season | Frequency Target Date Comments
248 Pattern of Habitats Land Cover/Use Other Sand/Mud Flat
Secchi disk
249 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
250 Geomorphology Backwater Depth 'Backwater Areas
Delta, reduce sediment input and]
251|Pattern of Habitats Terrestrial Areas Other delta formation
252 | Pattern of Habitats Terrestrial Areas |Island Island Protection
253 | Pattern of Habitats Land Cover/Use Other Sand/Mud Flat
254 Pattern of Habitats Land Cover/Use Emergent Aquatics
255|Pattern of Habitats Terrestrial Areas |lIsland
256 /| Pattern of Habitats Terrestrial Areas |Island Island Protection
257 | Pattern of Habitats Terrestrial Areas |lIsland
258 Pattern of Habitats Land Cover/Use Other Sand/Mud Flat
259 Pattern of Habitats Aquatic Areas Main Channel
260 | Pattern of Habitats Land Cover/Use Forest
261|Pattern of Habitats Terrestrial Areas |Island Island Protection
262 | Pattern of Habitats Land Cover/Use Other Sand/Mud Flat
263 Geomorphology Backwater Depth 'Backwater Areas
264 Pattern of Habitats Land Cover/Use Emergent Aquatics
Secchi disk
265 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
266 | Pattern of Habitats Land Cover/Use | Forest
267 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
268 Pattern of Habitats Land Cover/Use Emergent Aquatics
269 | Pattern of Habitats Terrestrial Areas |Island Island Protection
270 Pattern of Habitats Aquatic Areas Secondary Channel
271|Pattern of Habitats Land Cover/Use Forest
272|Pattern of Habitats Terrestrial Areas |lIsland Island Protection
273 Geomorphology Backwater Depth Backwater Areas
274 |Pattern of Habitats Terrestrial Areas |Island
275|Pattern of Habitats Land Cover/Use Forest
276 | Pattern of Habitats Land Cover/Use Forest
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Table C4. Site-specific UMR-IWW Environmental Objectives (Pool 4, cont.).

Icon | Ecosystem Element Parameter Extent Target Range Season | Frequency Target Date Comments
277 Pattern of Habitats Land Cover/Use Forest
278 Pattern of Habitats Terrestrial Areas |Island Island Protection
279 Pattern of Habitats Land Cover/Use Grassland
280 Pattern of Habitats Terrestrial Areas |Island
281 Pattern of Habitats Terrestrial Areas |Island Island Protection
282 Pattern of Habitats Land Cover/Use Emergent Aquatics
283 Geomorphology Backwater Depth | Backwater Areas
284 Pattern of Habitats Land Cover/Use Forest
Secchi disk
285 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
286 Geomorphology Connectivity Secondary Channel
Secchi disk
287 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
288 Geomorphology Backwater Depth 'Backwater Areas
289 Pattern of Habitats Land Cover/Use Emergent Aquatics
Delta, reduce sediment input and]
290 Pattern of Habitats Terrestrial Areas Other delta formation
291 Geomorphology Backwater Depth 'Backwater Areas
292 Pattern of Habitats Land Cover/Use Grassland
293 Pattern of Habitats Terrestrial Areas |Island
Increase emergent and
294 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Secchi disk
295 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
296 Pattern of Habitats Land Cover/Use Forest
297 Pattern of Habitats Terrestrial Areas |Island Island Protection
298 Pattern of Habitats Terrestrial Areas |Island Island Protection
299 Pattern of Habitats Terrestrial Areas |Island Island Protection
Increase emergent and
300 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
301 Geomorphology Backwater Depth Backwater Areas
302 Pattern of Habitats Terrestrial Areas |Island
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Table C4. Site-specific UMR-IWW Environmental Objectives (Pool 4, cont.).

Icon | Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
303 Pattern of Habitats Land Cover/Use Emergent Aquatics
304 Geomorphology Connectivity Floodplain
305 Geomorphology Connectivity Floodplain
306 Pattern of Habitats Aquatic Areas Impounded Area

Variable drawdown as needed to

307 Geomorphology Water Level Main Channel Other restore vegetation
Secchi disk

308 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years

309 Pattern of Habitats Terrestrial Areas |Island Island Protection

310 Pattern of Habitats Land Cover/Use Forest

311 Geomorphology Connectivity Longitudinal

312 Pattern of Habitats Land Cover/Use Grassland
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Table C5. Site-specific UMR-IWW Environmental Objectives (Pool 5).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
313|Pattern of Habitats Terrestrial Areas |Island Island Protection
314 |Pattern of Habitats Land Cover/Use | Grassland
Secchi disk
315 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
316 Geomorphology Backwater Depth | Backwater Areas
317 Geomorphology Connectivity Floodplain
318|Pattern of Habitats Land Cover/Use | Grassland
319 Geomorphology Connectivity Floodplain
320 Geomorphology Backwater Depth | Backwater Areas
321|Pattern of Habitats Land Cover/Use | Grassland
322 Geomorphology Connectivity Secondary Channel
323|Pattern of Habitats Land Cover/Use | Grassland
324 |Pattern of Habitats Land Cover/Use Forest
325 Geomorphology Backwater Depth Backwater Areas
326 | Pattern of Habitats Land Cover/Use | Grassland
Secchi disk
327 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
328 Geomorphology Backwater Depth Backwater Areas
329| Pattern of Habitats Terrestrial Areas |Island Island Protection
Secchi disk
330 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
331|Pattern of Habitats Land Cover/Use Forest
332 Geomorphology Connectivity Floodplain
333|Pattern of Habitats Land Cover/Use | Forest
334 Geomorphology Backwater Depth Backwater Areas
335|Pattern of Habitats Land Cover/Use | Grassland
336/ Pattern of Habitats Land Cover/Use | Grassland
Secchi disk
337 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
338|Pattern of Habitats Land Cover/Use | Forest
Secchi disk
339 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
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Table C5. Site-specific UMR-IWW Environmental Objectives (Pool 5, cont.).

Icon | Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments

340 Pattern of Habitats Land Cover/Use Emergent Aquatics
341 Geomorphology Backwater Depth Backwater Areas

Increase emergent and
342 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
343 Geomorphology Backwater Depth Backwater Areas
344 Pattern of Habitats Terrestrial Areas |Island
345 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
346 Pattern of Habitats Aquatic Areas Secondary Channel
347 Pattern of Habitats Terrestrial Areas |Island Island Protection
348 Pattern of Habitats Land Cover/Use Emergent Aquatics
349 Pattern of Habitats Land Cover/Use Forest
350 Pattern of Habitats Terrestrial Areas |Island
351 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
352 Geomorphology Connectivity Floodplain
353 Pattern of Habitats Land Cover/Use Grassland

Secchi disk
354 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
355 Pattern of Habitats Terrestrial Areas |Island
356 Pattern of Habitats Terrestrial Areas |Island
357 Geomorphology Backwater Depth Backwater Areas
Secchi disk

358 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years

Increase emergent and
359 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
360 Pattern of Habitats Land Cover/Use Forest

Increase emergent and
361|Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
362 Pattern of Habitats Terrestrial Areas |Island Island Protection
363 Pattern of Habitats Terrestrial Areas |Island Island Protection
364 Geomorphology Backwater Depth Backwater Areas
365 Pattern of Habitats Terrestrial Areas |Island Island Protection
366 Pattern of Habitats Land Cover/Use Forest

UMR-IWW System Navigation Feasibility Study
Environmental Objectives Planning Workshops
DRAFT REPORT

C-16




Table C5. Site-specific UMR-IWW Environmental Objectives (Pool 5, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
367 Pattern of Habitats Land Cover/Use Forest
368 Pattern of Habitats Land Cover/Use Grassland
Secchi disk

369 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
370 Pattern of Habitats Land Cover/Use Emergent Aquatics
371 Pattern of Habitats Aquatic Areas Impounded Area
372 Pattern of Habitats Terrestrial Areas |Island
373 Pattern of Habitats Terrestrial Areas |Island
374 Pattern of Habitats Terrestrial Areas |Island
375 Pattern of Habitats Land Cover/Use Forest

Increase emergent and
376 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
377 Geomorphology Backwater Depth | Backwater Areas
378 Pattern of Habitats Terrestrial Areas |Island Island Protection
379 Pattern of Habitats Terrestrial Areas |Island

Secchi disk In non-flood years, See Spring

380 Water Quality Water Clarity Backwater Areas transparency 1.5 m Lake Islands HREP
381 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
382 Pattern of Habitats Terrestrial Areas |Island

Increase emergent and
383 | Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics

See Spring Lake Islands
384 Pattern of Habitats Land Cover/Use |Emergent Aquatics HREP

Delta, reduce sediment input
385 Pattern of Habitats Terrestrial Areas Other and delta formation

See Spring Lake Islands
387 Pattern of Habitats Aquatic Areas Impounded Area HREP

See Spring Lake Islands
388 Pattern of Habitats Terrestrial Areas |Island HREP

See Spring Lake Islands
389 Geomorphology Backwater Depth Backwater Areas HREP
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Table C5. Site-specific UMR-IWW Environmental Objectives (Pool 5, cont.).

Icon | Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
Sand/Mud Flat, See Spring
390 Pattern of Habitats Land Cover/Use Other Lake Islands HREP

391

Pattern of Habitats

Aquatic Areas

Isolated Backwater

Wetland restoration

392

Pattern of Habitats

Land Cover/Use

Emergent Aquatics

Increase emergent and
submersed aquatics

393

Pattern of Habitats

Terrestrial Areas

Island

394

Pattern of Habitats

Land Cover/Use

Other

Sand/Mud Flat, See Spring
Lake Islands HREP

396

Pattern of Habitats

Land Cover/Use

Emergent Aquatics

Increase emergent and
submersed aquatics

398

Pattern of Habitats

Terrestrial Areas

Island

401

Pattern of Habitats

Land Cover/Use

Submersed Aquatics

402

Water Quality

Water Clarity

Main Channel

Secchi disk
transparency 1.0 m

In non-flood years

403

Pattern of Habitats

Land Cover/Use

Emergent Aquatics

Increase emergent and
submersed aquatics

404

Pattern of Habitats

Terrestrial Areas

Island

406

Geomorphology

Water Level

Main Channel

Other

Variable drawdown as needed

to restore vegetation

407

Geomorphology

Connectivity

Longitudinal
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Table C6. Site-specific UMR-IWW Environmental Objectives (Pool 5a).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
386 Pattern of Habitats Land Cover/Use Grassland
395 Pattern of Habitats Land Cover/Use Forest
397 Pattern of Habitats Land Cover/Use Grassland
399 Geomorphology Backwater Depth Backwater Areas
400 Geomorphology Connectivity Floodplain
405 | Pattern of Habitats Land Cover/Use Forest
408 Other Other Land Easements or Acquisition
Secchi disk
409 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
410 Pattern of Habitats Terrestrial Areas |Island Island Protection
411 Geomorphology Backwater Depth | Backwater Areas
412 Geomorphology Backwater Depth 'Backwater Areas
413 Pattern of Habitats Land Cover/Use Forest
414 Pattern of Habitats Aquatic Areas Secondary Channel
415 Pattern of Habitats Land Cover/Use Forest
Secchi disk
416 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
417 Geomorphology Backwater Depth Backwater Areas
418 Geomorphology Backwater Depth Backwater Areas
Secchi disk
419 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
420 Other Other Land Easements or Acquisition
421 Pattern of Habitats Land Cover/Use Forest
422 Pattern of Habitats Terrestrial Areas |Island Island Protection
423 Geomorphology Backwater Depth | Backwater Areas
Secchi disk
424 \\Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
425 Geomorphology Backwater Depth Backwater Areas
Secchi disk
426 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
427 Pattern of Habitats Land Cover/Use Emergent Aquatics
428 Pattern of Habitats Terrestrial Areas |Island
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Table C6. Site-specific UMR-IWW Environmental Objectives (Pool 5a, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments

429 Pattern of Habitats Land Cover/Use Forest

430 Pattern of Habitats Terrestrial Areas |Island Island Protection

431 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest

432 Other Other Land Easements or Acquisition
Increase emergent and

433 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics

434 \Water Quality Water Clarity Backwater Areas Secchi disk In non-flood years

435 | Pattern of Habitats Terrestrial Areas |Island

436 Pattern of Habitats Land Cover/Use Forest

437 Pattern of Habitats Aquatic Areas Impounded Area

438 Geomorphology Connectivity Floodplain
Variable drawdown as needed

439 Geomorphology Water Level Main Channel Other to restore vegetation
Increase emergent and

440 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics

441 Pattern of Habitats Land Cover/Use Emergent Aquatics

442 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
Increase emergent and

443 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics

444 Pattern of Habitats Terrestrial Areas |Island

445 Pattern of Habitats Aquatic Areas Isolated Backwater Wetland restoration

Secchi disk

446 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years

447 Geomorphology Connectivity Longitudinal

448 Geomorphology Backwater Depth Backwater Areas
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Table C7. Site-specific UMR-IWW Environmental Objectives (Pool 6).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
449 Other Other Land Easements or Acquisition
450 Geomorphology Backwater Depth Backwater Areas
Secchi disk
451 Water Quality Water Clarity Backwater Areas  |transparency 1.5 m In non-flood years
452 Geomorphology Backwater Depth 'Backwater Areas
453 Pattern of Habitats Land Cover/Use Grassland
454 Geomorphology Water Level Backwater Areas
455 Pattern of Habitats Land Cover/Use Emergent Aquatics
456 Geomorphology Water Level Backwater Areas
457 Pattern of Habitats Land Cover/Use Emergent Aquatics
458 Geomorphology Connectivity Floodplain Use levee to reduce connectivity
Secchi disk
459 Water Quality Water Clarity Backwater Areas  |transparency 1.5 m In non-flood years
460 Geomorphology Connectivity Floodplain Use levee to reduce connectivity
461 Geomorphology Backwater Depth 'Backwater Areas
462 Geomorphology Connectivity Floodplain
463 Geomorphology Connectivity Floodplain
464 Pattern of Habitats Terrestrial Areas |Island Island Protection
465 Pattern of Habitats Land Cover/Use Emergent Aquatics
466 Pattern of Habitats Terrestrial Areas |Island
Secchi disk
467 \Water Quality Water Clarity Backwater Areas  |transparency 1.5 m In non-flood years
468 Geomorphology Backwater Depth 'Backwater Areas
469 Geomorphology Water Level Backwater Areas
470 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
471 Pattern of Habitats Land Cover/Use Emergent Aquatics
472 Pattern of Habitats Terrestrial Areas |Island
473 Geomorphology Connectivity Floodplain Use levee to reduce connectivity
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Table C7. Site-specific UMR-IWW Environmental Objectives (Pool 6, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
474 Geomorphology Backwater Depth |Backwater Areas
475 | Pattern of Habitats Terrestrial Areas |Island
476 Other Other Land Easements or Acquisition
477 Pattern of Habitats Terrestrial Areas |Island Island Protection
478 Geomorphology Backwater Depth 'Backwater Areas
479 Geomorphology Backwater Depth Backwater Areas
Secchi disk
480 Water Quality Water Clarity Backwater Areas  |transparency 1.5 m In non-flood years
481 Geomorphology Backwater Depth 'Backwater Areas
482 Pattern of Habitats Terrestrial Areas |Island Island Protection
483 Geomorphology Connectivity Floodplain
484 Pattern of Habitats Aquatic Areas Main Channel
485 Pattern of Habitats Land Cover/Use Emergent Aquatics
486 Pattern of Habitats Terrestrial Areas |Island
487 Geomorphology Backwater Depth 'Backwater Areas
Secchi disk
488 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
Secchi disk
489 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
490 Geomorphology Backwater Depth Backwater Areas
491 Pattern of Habitats Land Cover/Use Emergent Aquatics
492 Pattern of Habitats Terrestrial Areas |Island
Delta, reduce sediment input
493 Pattern of Habitats Terrestrial Areas Other and delta formation
494 Pattern of Habitats Terrestrial Areas |Island Island Protection
495 Pattern of Habitats Terrestrial Areas |Island
Variable drawdown as needed to
496 Geomorphology Water Level Main Channel Other restore vegetation
Increase emergent and
497 Pattern of Habitats ~ Land Cover/Use Emergent Aquatics submersed aquatics
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Table C7. Site-specific UMR-IWW Environmental Objectives (Pool 6, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
Secchi disk
498 Water Quality Water Clarity Backwater Areas transparency 1.5 m In non-flood years
499 | Pattern of Habitats Terrestrial Areas |Island
500 Geomorphology Connectivity Longitudinal
501|Pattern of Habitats Land Cover/Use Forest
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Table C8. Site-specific UMR-IWW Environmental Objectives (Pool 7).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
502|Pattern of Habitats Terrestrial Areas |Island Island Protection
503|Pattern of Habitats Land Cover/Use | Forest
Secchi disk Already achieved in some
504 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
505 Geomorphology Connectivity Floodplain
506/ Pattern of Habitats Terrestrial Areas |Island Island Protection
507 Geomorphology Backwater Depth Backwater Areas
508 | Pattern of Habitats Terrestrial Areas |Island Island Protection
509 Geomorphology Backwater Depth Backwater Areas
510|Pattern of Habitats Land Cover/Use | Grassland
511/|Pattern of Habitats Land Cover/Use Forest
512|Pattern of Habitats Land Cover/Use | Forest
513|Pattern of Habitats Terrestrial Areas |lIsland Island Protection
Secchi disk Already achieved in some
514 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
515 Pattern of Habitats Land Cover/Use Emergent Aquatics
516 Geomorphology Backwater Depth | Backwater Areas
517|Pattern of Habitats Land Cover/Use | Forest
518 Geomorphology Connectivity Floodplain
519 Geomorphology Connectivity Floodplain
520|Pattern of Habitats Land Cover/Use Forest
521|Pattern of Habitats Terrestrial Areas |lIsland Island Protection
522 Pattern of Habitats Aquatic Areas Secondary Channel
523|Pattern of Habitats Land Cover/Use | Forest
Delta, reduce sediment input
524 |Pattern of Habitats Terrestrial Areas Other and delta formation
525|Pattern of Habitats Land Cover/Use | Grassland
526 | Pattern of Habitats Land Cover/Use Forest
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Table C8. Site-specific UMR-IWW Environmental Objectives (Pool 7, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
Water quality objective for all
Secchi disk main channel habitat, Pools
527 Water Quality Water Clarity Main Channel transparency 1.0 m  All Year 10 2010/7-9
528 Geomorphology Backwater Depth Backwater Areas
529 Pattern of Habitats Land Cover/Use Forest
530 Pattern of Habitats Land Cover/Use Grassland
531 Pattern of Habitats Land Cover/Use Forest
532 Geomorphology Connectivity Floodplain
533 Pattern of Habitats Land Cover/Use Grassland
534 Geomorphology Water Level Backwater Areas
535 Pattern of Habitats Terrestrial Areas |Island Island Protection
536 Pattern of Habitats Terrestrial Areas |Island Island Protection
Water quality objective for all
Secchi disk secondary channel habitat,
537 Water Quality Water Clarity Backwater Areas transparency 1.5m  All Year 10 2010 Pools 7-9
Use levee to reduce
538 Geomorphology Connectivity Floodplain connectivity
Secchi disk Already achieved in some
539 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
540 Geomorphology Backwater Depth Backwater Areas
541 Pattern of Habitats Land Cover/Use Emergent Aquatics
542 Pattern of Habitats Terrestrial Areas |Island Island Protection
543 Pattern of Habitats Terrestrial Areas |Island
Secchi disk Already achieved in some
544 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
545 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest

546

Geomorphology

Backwater Depth

Backwater Areas

547

Pattern of Habitats

Terrestrial Areas

Island

Island Protection

548

Pattern of Habitats

Aquatic Areas

Secondary Channel
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Table C8. Site-specific UMR-IWW Environmental Objectives (Pool 7, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
Delta, reduce sediment input
549 Pattern of Habitats Terrestrial Areas Other and delta formation
Secchi disk Already achieved in some
550 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
551 Pattern of Habitats Land Cover/Use Submersed Aquatics
552 Pattern of Habitats Land Cover/Use Forest
Increase emergent and
553 | Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
554 Pattern of Habitats Terrestrial Areas |Island Island Protection
555 Geomorphology Backwater Depth Backwater Areas
556 Pattern of Habitats Aquatic Areas Impounded Area
557 Pattern of Habitats Terrestrial Areas |Island Island Protection
558 Pattern of Habitats Aquatic Areas Secondary Channel
559 Geomorphology Backwater Depth Backwater Areas
560 Pattern of Habitats Terrestrial Areas |Island Island Protection
561 Pattern of Habitats Terrestrial Areas |Island Island Protection
562 Pattern of Habitats Land Cover/Use Emergent Aquatics
Secchi disk Already achieved in some
563 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
564 Pattern of Habitats Terrestrial Areas |Island
565 Pattern of Habitats Land Cover/Use Emergent Aquatics
Secchi disk Will do better in summer and
566 Water Quality Water Clarity Main Channel transparency 1.0 m  |All Year 10 2010 winter
567 Pattern of Habitats Terrestrial Areas |Island
568 Geomorphology Backwater Depth Backwater Areas
569 Geomorphology Backwater Depth Other
570 Pattern of Habitats Land Cover/Use Forest

571

Pattern of Habitats

Land Cover/Use

Submersed Aquatics

572

Pattern of Habitats

Land Cover/Use

Grassland

Restore grassland and forest
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Table C8. Site-specific UMR-IWW Environmental Objectives (Pool 7, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments

573|Pattern of Habitats Terrestrial Areas |Island Island Protection

Increase emergent and
574 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
575 Pattern of Habitats Terrestrial Areas |lIsland Island Protection

Secchi disk Already achieved in some

578 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
580 Pattern of Habitats Terrestrial Areas |lIsland Island Protection
581 | Pattern of Habitats Aquatic Areas Impounded Area

Variable drawdown as
582 Geomorphology Water Level Main Channel Other needed to restore vegetation
583 Geomorphology Connectivity Longitudinal
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Table C9. Site-specific UMR-IWW Environmental Objectives (Pool 8).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
576 Geomorphology Backwater Depth Backwater Areas
Secchi disk Already achieved in some
577 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
Land Easements or
579 Other Other Acquisition
584 Pattern of Habitats Terrestrial Areas |Island Island Protection
585 Geomorphology Backwater Depth Backwater Areas
Secchi disk Already achieved in some
586 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
587 Pattern of Habitats Terrestrial Areas |Island Island Protection
588 Geomorphology Backwater Depth Backwater Areas
Land Easements or
589 Other Other Acquisition
590 Pattern of Habitats Terrestrial Areas |Island Island Protection
591 Geomorphology Backwater Depth Backwater Areas
592 Geomorphology Backwater Depth 'Backwater Areas
Secchi disk Already achieved in some
593 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
Secchi disk Already achieved in some
594 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
595 Geomorphology Connectivity Secondary Channel
596 Geomorphology Backwater Depth 'Backwater Areas
Secchi disk Already achieved in some
597 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
598 Geomorphology Connectivity Secondary Channel
599 Pattern of Habitats Terrestrial Areas |Island Island Protection
600 Geomorphology Backwater Depth Backwater Areas
Land Easements or
601 Other Other Acquisition
Secchi disk Already achieved in some
602 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
603 Geomorphology Backwater Depth Backwater Areas
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Table C9. Site-specific UMR-IWW Environmental Objectives (Pool 8, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
604 Pattern of Habitats Terrestrial Areas |Island Island Protection
605 Geomorphology Backwater Depth Backwater Areas
606 Geomorphology Connectivity Floodplain
607 Pattern of Habitats Land Cover/Use Grassland
Secchi disk Already achieved in some
608 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
Secchi disk Already achieved in some
609 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
Restore grassland and
610 Pattern of Habitats Land Cover/Use Grassland forest
611 Pattern of Habitats Terrestrial Areas |Island Island Protection
612 Pattern of Habitats Terrestrial Areas |Island Island Protection
613 Pattern of Habitats Terrestrial Areas |Island
614 Geomorphology Backwater Depth 'Backwater Areas
615 Pattern of Habitats Land Cover/Use Grassland
616 Pattern of Habitats Land Cover/Use Forest
Delta, reduce sediment input
617 Pattern of Habitats Terrestrial Areas Other and delta formation
Restore grassland and
618 Pattern of Habitats Land Cover/Use Grassland forest
619 Pattern of Habitats Terrestrial Areas |Island Island Protection
Secchi disk Already achieved in some
620 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
621 Geomorphology Backwater Depth 'Backwater Areas
622 Geomorphology Backwater Depth Backwater Areas
623 Pattern of Habitats Terrestrial Areas |Island
Secchi disk Already achieved in some
624 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
Restore grassland and
625 Pattern of Habitats Land Cover/Use Grassland forest
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Table C9. Site-specific UMR-IWW Environmental Objectives (Pool 8, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
Water quality objective for
Secchi disk all secondary channel
626 Water Quality Water Clarity Backwater Areas transparency 1.5 m  |All Year 10 2010 habitat, Pools 7-9
627 Pattern of Habitats Land Cover/Use Forest
Water quality objective for
Secchi disk all main channel habitat,
628 Water Quality Water Clarity Main Channel transparency 1.0 m  All Year 10 2010 Pools 7-9
629 Geomorphology Connectivity Floodplain
Secchi disk Already achieved in some
630 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
631 Pattern of Habitats Terrestrial Areas |Island Island Protection
Secchi disk Already achieved in some
632 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
633 Geomorphology Backwater Depth 'Backwater Areas
634 Geomorphology Backwater Depth Backwater Areas
635 Pattern of Habitats Terrestrial Areas |Island Island Protection
636 Pattern of Habitats Land Cover/Use Forest
637 Pattern of Habitats Land Cover/Use Forest
Secchi disk Already achieved in some
638 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
639 Pattern of Habitats Terrestrial Areas |Island Island Protection
Restore grassland and
640 Pattern of Habitats Land Cover/Use Grassland forest
641 Pattern of Habitats Terrestrial Areas |Island Island Protection
Secchi disk Already achieved in some
642 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
643 Pattern of Habitats Land Cover/Use Forest
644 Pattern of Habitats Terrestrial Areas |Island Island Protection
645 Geomorphology Backwater Depth Backwater Areas
646 Pattern of Habitats Land Cover/Use Forest
647 Pattern of Habitats Terrestrial Areas |Island
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Table C9. Site-specific UMR-IWW Environmental Objectives (Pool 8, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
Restore grassland and
648 Pattern of Habitats Land Cover/Use Grassland forest
649 Pattern of Habitats Land Cover/Use Emergent Aquatics
650 Pattern of Habitats Terrestrial Areas |Island
651 Pattern of Habitats Land Cover/Use Emergent Aquatics
652 Pattern of Habitats Terrestrial Areas |Island Island Protection
Secchi disk Already achieved in some
653 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
654 Pattern of Habitats Land Cover/Use Forest
655 Pattern of Habitats Terrestrial Areas |Island
656 Pattern of Habitats Terrestrial Areas |Island
657 Pattern of Habitats Land Cover/Use Emergent Aquatics
Secchi disk Already achieved in some
658 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
659 Geomorphology Backwater Depth Backwater Areas
Restore grassland and
660 Pattern of Habitats Land Cover/Use Grassland forest
Increase emergent and
661 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
662 Pattern of Habitats Land Cover/Use Forest
663 Pattern of Habitats Land Cover/Use Forest
Delta, reduce sediment input|
664 Pattern of Habitats Terrestrial Areas Other and delta formation
Secchi disk Already achieved in some
665 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
666 Geomorphology Backwater Depth 'Backwater Areas
Increase emergent and
667 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Restore grassland and
668 Pattern of Habitats Land Cover/Use Grassland forest
669 Pattern of Habitats Terrestrial Areas |Island
670 Pattern of Habitats Terrestrial Areas |Island Island Protection
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Table C9. Site-specific UMR-IWW Environmental Objectives (Pool 8, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
Increase emergent and
671 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
672 Geomorphology Backwater Depth | Backwater Areas
Secchi disk Already achieved in some
673 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
Restore grassland and
674 | Pattern of Habitats Land Cover/Use | Grassland forest
675 Pattern of Habitats Terrestrial Areas |Island
676 Geomorphology Backwater Depth |Backwater Areas
677 Pattern of Habitats Land Cover/Use Emergent Aquatics
678 | Pattern of Habitats Land Cover/Use Other Sand/Mud Flat
Land Easements or
679 Other Other Acquisition
680 Pattern of Habitats Terrestrial Areas |Island
Secchi disk Already achieved in some
681 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
682 | Pattern of Habitats Land Cover/Use Forest
683 Pattern of Habitats Terrestrial Areas |Island
684 | Pattern of Habitats Terrestrial Areas |Island Island Protection
Secchi disk Already achieved in some
685 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
Increase emergent and
686 | Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
687 Pattern of Habitats Terrestrial Areas |Island
Delta, reduce sediment input
688 Pattern of Habitats Terrestrial Areas Other and delta formation
Restore grassland and
689 Pattern of Habitats Land Cover/Use | Grassland forest
690 Pattern of Habitats Land Cover/Use Other Sand/Mud Flat
691 Pattern of Habitats Terrestrial Areas |Island
Restore grassland and
692 Pattern of Habitats Land Cover/Use Grassland forest
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Table C9. Site-specific UMR-IWW Environmental Objectives (Pool 8, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
693 Geomorphology Backwater Depth Backwater Areas
Increase emergent and
694 | Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
695 Pattern of Habitats Terrestrial Areas |Island
696 Pattern of Habitats Land Cover/Use Emergent Aquatics
697 Pattern of Habitats Terrestrial Areas |Island
Increase emergent and
698 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
699 Pattern of Habitats Terrestrial Areas |Island
700 Pattern of Habitats Land Cover/Use Other Sand/Mud Flat
701 Geomorphology Backwater Depth |Backwater Areas
Secchi disk Already achieved in some
702 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
Increase emergent and
703|Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Secchi disk Already achieved in some
704 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
705 Pattern of Habitats Aquatic Areas Impounded Area
706 Pattern of Habitats Terrestrial Areas |Island
707 Pattern of Habitats Terrestrial Areas |Island
708 | Pattern of Habitats Land Cover/Use Submersed Aquatics
Increase emergent and
709|Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Secchi disk Already achieved in some
710 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
711 Pattern of Habitats Terrestrial Areas |Island
Increase emergent and
712 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
713|Pattern of Habitats Land Cover/Use Submersed Aquatics
714 Pattern of Habitats Land Cover/Use Submersed Aquatics
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Table C9. Site-specific UMR-IWW Environmental Objectives (Pool 8, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
Variable drawdown as
716 Geomorphology Water Level Main Channel Other needed to restore vegetation
717 Geomorphology Connectivity Longitudinal
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Table C10. Site-specific UMR-IWW Environmental Objectives (Pool 9).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
715 Pattern of Habitats Land Cover/Use Forest
718 Pattern of Habitats Land Cover/Use Forest
719 Geomorphology Connectivity Floodplain
720 Pattern of Habitats Terrestrial Areas |Island Island Protection
721 Pattern of Habitats Terrestrial Areas |Island Island Protection
722 Pattern of Habitats Land Cover/Use Submersed Aquatics
723 Geomorphology Backwater Depth Backwater Areas
Secchi disk Already achieved in some
724 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
725 Pattern of Habitats Land Cover/Use Forest
726 Pattern of Habitats Terrestrial Areas |Island Island Protection
727 Pattern of Habitats Land Cover/Use Other Sand/Mud Flat
728 Pattern of Habitats Terrestrial Areas |Island Island Protection
Secchi disk Already achieved in some
729 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
Secchi disk Already achieved in some
730 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
731 Geomorphology Backwater Depth 'Backwater Areas
732 Geomorphology Backwater Depth |Backwater Areas
733 Pattern of Habitats Land Cover/Use Forest
Secchi disk Already achieved in some
734 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
735 Geomorphology Backwater Depth |Backwater Areas
736 Pattern of Habitats Land Cover/Use Grassland
737 Geomorphology Backwater Depth Backwater Areas See Pool Slough HREP
738 Geomorphology Water Level Backwater Areas See Pool Slough HREP
739 Pattern of Habitats Land Cover/Use |Emergent Aquatics See Pool Slough HREP
740 Pattern of Habitats Land Cover/Use Emergent Aquatics
Secchi disk Already achieved in some
741 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
742 Geomorphology Backwater Depth |Backwater Areas
743 Pattern of Habitats Land Cover/Use Submersed Aquatics
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Table C10. Site-specific UMR-IWW Environmental Objectives (Pool 9, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
744 Pattern of Habitats Terrestrial Areas |Island Island Protection
745 Geomorphology Connectivity Floodplain
746 Geomorphology Backwater Depth | Backwater Areas
Secchi disk Already achieved in some
747 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
748 Pattern of Habitats Land Cover/Use Forest
749 Geomorphology Backwater Depth |Backwater Areas
750 Pattern of Habitats Terrestrial Areas |Island
751 Pattern of Habitats Land Cover/Use Forest
752 Geomorphology Backwater Depth 'Backwater Areas
753 Pattern of Habitats Terrestrial Areas |Island Island Protection
Secchi disk Already achieved in some
754 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
755 Pattern of Habitats Terrestrial Areas |Island Island Protection
756 Pattern of Habitats Land Cover/Use |Emergent Aquatics See Conway Lake HREP
Increase emergent and
757 | Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Secchi disk Already achieved in some
758 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
759 Pattern of Habitats Terrestrial Areas |Island Island Protection
Secchi disk Already achieved in some
760 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
761 Geomorphology Backwater Depth |Backwater Areas
762 Pattern of Habitats Terrestrial Areas |Island See Conway Lake HREP
Restore grassland and
forest, See Conway Lake
763 Pattern of Habitats Land Cover/Use Grassland HREP
764 Geomorphology Backwater Depth Backwater Areas See Conway Lake HREP
765 Pattern of Habitats Land Cover/Use |Emergent Aquatics See Conway Lake HREP
766 Pattern of Habitats Land Cover/Use Emergent Aquatics See Conway Lake HREP
767 Pattern of Habitats Terrestrial Areas |Island See Conway Lake HREP
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Table C10. Site-specific UMR-IWW Environmental Objectives (Pool 9, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
Secchi disk Already achieved in some
768 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
Water quality objective for all
Secchi disk main channel habitat, Pools
769 Water Quality Water Clarity Main Channel transparency 1.0 m  All Year 10 2010/7-9
Secchi disk Already achieved in some
770 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
771 Geomorphology Backwater Depth 'Backwater Areas
Secchi disk Already achieved in some
772 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
773 Geomorphology Backwater Depth |Backwater Areas
Water quality objective for all
Secchi disk secondary channel habitat,
774 Water Quality Water Clarity Backwater Areas transparency 1.5 m  |All Year 10 2010 Pools 7-9
775 Pattern of Habitats Land Cover/Use Emergent Aquatics
776 Pattern of Habitats Land Cover/Use Emergent Aquatics
777 Geomorphology Backwater Depth | Backwater Areas
Secchi disk Already achieved in some
778 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
779 Geomorphology Backwater Depth 'Backwater Areas
Secchi disk Already achieved in some
780 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
Increase emergent and
781 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
782 Pattern of Habitats Terrestrial Areas |Island
Delta, reduce sediment input
783 Pattern of Habitats Terrestrial Areas Other and delta formation
Secchi disk Already achieved in some
784 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
785 Geomorphology Backwater Depth 'Backwater Areas
786 Pattern of Habitats Terrestrial Areas |Island
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Table C10. Site-specific UMR-IWW Environmental Objectives (Pool 9, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
Increase emergent and
787 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
788 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
789 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
790 Geomorphology Backwater Depth Backwater Areas
791 Pattern of Habitats Land Cover/Use Emergent Aquatics
792 Pattern of Habitats Terrestrial Areas |Island Island Protection
793 Pattern of Habitats Terrestrial Areas |Island Island Protection
Increase emergent and
794 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Secchi disk Already achieved in some
795 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
796 | Pattern of Habitats Aquatic Areas Isolated Backwater Wetland restoration
797 Geomorphology Backwater Depth 'Backwater Areas
798 Pattern of Habitats Terrestrial Areas |Island
799 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
800 Pattern of Habitats Terrestrial Areas |Island
Increase emergent and
801 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
802 Geomorphology Backwater Depth Backwater Areas See Capoli Slough HREP
803 Pattern of Habitats Terrestrial Areas |Island See Capoli Slough HREP
Increase emergent and
submersed aquatics, See
804 Pattern of Habitats Land Cover/Use |Emergent Aquatics Capoli Slough HREP
Sand/Mud Flat, See Capoli
805 Pattern of Habitats Land Cover/Use Other Slough HREP
Island Protection, See Capoli
806 Pattern of Habitats Terrestrial Areas |Island Slough HREP
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Table C10. Site-specific UMR-IWW Environmental Objectives (Pool 9, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
Secchi disk Already achieved in some
807 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
Restore grassland and
forest, See Capoli Slough
808 Pattern of Habitats Land Cover/Use Grassland HREP
Riffle/Pool and Structure,
809 Pattern of Habitats Aquatic Areas Other See Capoli Slough HREP
Secchi disk Already achieved in some
810 Water Quality Water Clarity Backwater Areas transparency >2.0 m All Year 10 2010 backwater areas
811 Geomorphology Backwater Depth Backwater Areas See Capoli Slough HREP
812 Pattern of Habitats Land Cover/Use Emergent Aquatics
813 Pattern of Habitats Terrestrial Areas |Island
Secchi disk Already achieved in some
814 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
815 Pattern of Habitats Terrestrial Areas |Island
816 Geomorphology Backwater Depth 'Backwater Areas
817 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
Increase emergent and
818 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
819|Pattern of Habitats Land Cover/Use Submersed Aquatics
Island Protection, See
820 Pattern of Habitats Terrestrial Areas |lIsland Harpers Slough HREP
Restore grassland and
forest, See Harpers Slough
821 Pattern of Habitats Land Cover/Use Grassland HREP
Increase emergent and
submersed aquatics, See
822 Pattern of Habitats Land Cover/Use |Emergent Aquatics Harpers Slough HREP
823 Pattern of Habitats Terrestrial Areas |Island See Harpers Slough HREP
824 Geomorphology Connectivity Floodplain
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Table C10. Site-specific UMR-IWW Environmental Objectives (Pool 9, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
Secchi disk Already achieved in some
825 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
Secchi disk Already achieved in some
826 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
827 Pattern of Habitats Terrestrial Areas |Island
Increase emergent and
828 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
829 Geomorphology Backwater Depth 'Backwater Areas
Riffle/Pool and Structure,
830 Pattern of Habitats Aquatic Areas Other See Harpers Slough HREP
831 Pattern of Habitats Terrestrial Areas |Island Island Protection
832 Pattern of Habitats Terrestrial Areas |Island See Harpers Slough HREP
Island Protection, See
833 Pattern of Habitats Terrestrial Areas |Island Harpers Slough HREP
834 Geomorphology Backwater Depth Backwater Areas See Harpers Slough HREP
Secchi disk Already achieved in some
835 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
836 Pattern of Habitats Land Cover/Use Emergent Aquatics See Harpers Slough HREP
837 Pattern of Habitats Terrestrial Areas |lIsland See Harpers Slough HREP
Restore grassland and
forest, See Harpers Slough
838 Pattern of Habitats Land Cover/Use Grassland HREP
Increase emergent and
submersed aquatics, See
839 Pattern of Habitats Land Cover/Use |Emergent Aquatics Harpers Slough HREP
Island Protection, See
840 Pattern of Habitats Terrestrial Areas |Island Harpers Slough HREP
Delta, reduce sediment input
841 Pattern of Habitats Terrestrial Areas Other and delta formation
842 Pattern of Habitats Terrestrial Areas |Island See Harpers Slough HREP
843 Pattern of Habitats Land Cover/Use Emergent Aquatics See Harpers Slough HREP
844 Geomorphology Backwater Depth Backwater Areas See Harpers Slough HREP
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Table C10. Site-specific UMR-IWW Environmental Objectives (Pool 9, cont.).

lcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
845 Pattern of Habitats Terrestrial Areas |Island See Harpers Slough HREP
846 Pattern of Habitats Terrestrial Areas |Island See Harpers Slough HREP
847 Pattern of Habitats Terrestrial Areas |Island See Harpers Slough HREP
Increase emergent and
submersed aquatics, See
848 Pattern of Habitats Land Cover/Use Emergent Aquatics Harpers Slough HREP
Restore grassland and
forest, See Harpers Slough
849 Pattern of Habitats Land Cover/Use Grassland HREP
Secchi disk Already achieved in some
850 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
851 Geomorphology Backwater Depth Backwater Areas See Harpers Slough HREP
852|Pattern of Habitats Land Cover/Use Submersed Aquatics See Harpers Slough HREP
853 Pattern of Habitats Land Cover/Use Emergent Aquatics See Harpers Slough HREP
Secchi disk Already achieved in some
854 Water Quality Water Clarity Backwater Areas transparency >2.0 m |All Year 10 2010 backwater areas
Increase emergent and
submersed aquatics, See
855 Pattern of Habitats Land Cover/Use Emergent Aquatics Harpers Slough HREP
Variable drawdown as
858 Geomorphology Water Level Main Channel Other needed to restore vegetation
Island Protection, See
860 Pattern of Habitats Terrestrial Areas |Island Harpers Slough HREP
861 Geomorphology Connectivity Longitudinal
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Table C11. Site-specific UMR-IWW Environmental Objectives (Pool 10).

Ilcon | Ecosystem Element Parameter Extent Target Range Season  Frequency  Target Date Comments
856 Geomorphology Backwater Depth |Backwater Areas
Secchi disk
857 Water Quality Water Clarity Backwater Areas transparency 1.5 m
859 Geomorphology Backwater Depth Backwater Areas
862 Geomorphology Backwater Depth | Backwater Areas
863 Pattern of Habitats Land Cover/Use |Forest
864 Pattern of Habitats Aquatic Areas Secondary Channel
865 Pattern of Habitats Terrestrial Areas Island Island Protection
866 Geomorphology Backwater Depth |Backwater Areas
867 Pattern of Habitats Terrestrial Areas Island Island Protection
Secchi disk
868 Water Quality Water Clarity Backwater Areas transparency 1.5 m
869 Geomorphology Backwater Depth |Backwater Areas
Secchi disk
870 Water Quality Water Clarity Backwater Areas transparency 1.5 m
871 Pattern of Habitats Land Cover/Use |Forest
872 Pattern of Habitats Terrestrial Areas |lIsland
873 Pattern of Habitats Terrestrial Areas Island Island Protection
874 Geomorphology Connectivity Secondary Channel
875 Pattern of Habitats Land Cover/Use |Forest
Secchi disk
876 Water Quality Water Clarity Backwater Areas transparency 1.5 m
877 Geomorphology Backwater Depth | Backwater Areas
878 Geomorphology Backwater Depth ' Backwater Areas
879 Pattern of Habitats Land Cover/Use Forest
880 Pattern of Habitats Terrestrial Areas Island Island Protection
881 Geomorphology Backwater Depth | Backwater Areas
Secchi disk
882 Water Quality Water Clarity Backwater Areas transparency 1.5 m
883 Geomorphology Backwater Depth Backwater Areas
884 | Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
885 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
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Table C11. Site-specific UMR-IWW Environmental Objectives (Pool 10, cont.).

Icon | Ecosystem Element Parameter Extent Target Range Season | Frequency Target Date Comments
886 Pattern of Habitats Aquatic Areas Secondary Channel
887 Pattern of Habitats Terrestrial Areas Island Island Protection
Secchi disk
888 Water Quality Water Clarity Backwater Areas transparency 1.5 m
889 Geomorphology Backwater Depth |Backwater Areas
890 Geomorphology Backwater Depth Backwater Areas
Secchi disk
891 Water Quality Water Clarity Backwater Areas transparency 1.5 m
892 | Pattern of Habitats Aquatic Areas Isolated Backwater Wetland restoration
893 Pattern of Habitats Land Cover/Use Submersed Aquatics
894 Pattern of Habitats Terrestrial Areas |lIsland
895 Pattern of Habitats Terrestrial Areas |lIsland
Secchi disk
896 Water Quality Water Clarity Backwater Areas transparency 1.5 m
Restore grassland and
897 Pattern of Habitats Land Cover/Use Grassland forest
898 Geomorphology Backwater Depth |Backwater Areas
899 Geomorphology Backwater Depth Backwater Areas Sediment trap
900 Pattern of Habitats Terrestrial Areas |lIsland
901 Pattern of Habitats Terrestrial Areas |lIsland
Restore grassland and
902 Pattern of Habitats Land Cover/Use Grassland forest
903 Pattern of Habitats Terrestrial Areas |lIsland
Restore grassland and
904 Pattern of Habitats Land Cover/Use Grassland forest
905 Pattern of Habitats Land Cover/Use |Forest
Secchi disk
906 Water Quality Water Clarity Backwater Areas transparency 1.5 m
907 Geomorphology Backwater Depth |Backwater Areas
Secchi disk
908 Water Quality Water Clarity Backwater Areas transparency 1.5 m
909 Geomorphology Backwater Depth Backwater Areas
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Table C11. Site-specific UMR-IWW Environmental Objectives (Pool 10, cont.).

Ilcon | Ecosystem Element Parameter Extent Target Range Season  Frequency  Target Date Comments
910 Geomorphology Backwater Depth | Backwater Areas
Secchi disk
911 Water Quality Water Clarity Backwater Areas transparency 1.5 m
912 Pattern of Habitats Terrestrial Areas |lIsland Island Protection
Restore grassland and
913 Pattern of Habitats Land Cover/Use Grassland forest
Secchi disk
914 Water Quality Water Clarity Backwater Areas transparency 1.5 m
915 Pattern of Habitats Terrestrial Areas |lIsland
916 Geomorphology Backwater Depth ' Backwater Areas
917 Geomorphology Backwater Depth | Backwater Areas
918 Pattern of Habitats Terrestrial Areas |lIsland Island Protection
919 Pattern of Habitats Aquatic Areas Secondary Channel
920 Pattern of Habitats Terrestrial Areas |lIsland
921 Geomorphology Backwater Depth | Backwater Areas
922 Geomorphology Connectivity Floodplain
923 Pattern of Habitats Terrestrial Areas |lIsland Island Protection
924 Pattern of Habitats Aquatic Areas Secondary Channel
925 Geomorphology Backwater Depth | Backwater Areas
Secchi disk
926 Water Quality Water Clarity Backwater Areas transparency 1.5 m
927 Pattern of Habitats Terrestrial Areas |lIsland Island Protection
928 Pattern of Habitats Terrestrial Areas |lIsland Island Protection
929 Pattern of Habitats Terrestrial Areas |lIsland
Secchi disk
930 Water Quality Water Clarity Backwater Areas transparency 1.5 m
931 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
932 Geomorphology Backwater Depth Backwater Areas
933 Geomorphology Connectivity Secondary Channel
934 Pattern of Habitats Terrestrial Areas |lIsland Island Protection
935 Geomorphology Connectivity Secondary Channel
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Table C11. Site-specific UMR-IWW Environmental Objectives (Pool 10, cont.).

Ilcon | Ecosystem Element Parameter Extent Target Range Season  Frequency  Target Date Comments
Secchi disk
936 Water Quality Water Clarity Backwater Areas transparency 1.5 m
937 Pattern of Habitats Aquatic Areas Main Channel
Increase emergent and
938 | Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
939 Pattern of Habitats Terrestrial Areas Island Island Protection
940 Geomorphology Backwater Depth |Backwater Areas
941 Pattern of Habitats Aquatic Areas Secondary Channel
Restore grassland and
942 Pattern of Habitats Land Cover/Use Grassland forest
943 Pattern of Habitats Terrestrial Areas |lIsland
DO objective for all main
channel and secondary
channel habitat, DO >5
944 Water Quality Other All Year 10 0 PPM, Pools 10-11
Land Easements or
945 Other Other Acquisition
946 Geomorphology Backwater Depth Backwater Areas
947 Pattern of Habitats Aquatic Areas Tertiary Channel
Secchi disk
948 Water Quality Water Clarity Backwater Areas transparency 1.5 m
Water quality objective for
all main channel and
Secchi disk secondary channel habitat,
949 Water Quality Water Clarity Main Channel transparency 1.0 m |Summer Pools 10-11
Restore grassland and
950 Pattern of Habitats Land Cover/Use Grassland forest
951 Pattern of Habitats Terrestrial Areas |lIsland
Land Easements or
952| Other Other Acquisition
953 Geomorphology Backwater Depth |Backwater Areas
954 Geomorphology Connectivity Floodplain
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Table C11. Site-specific UMR-IWW Environmental Objectives (Pool 10, cont.).

Ilcon | Ecosystem Element Parameter Extent Target Range Season  Frequency  Target Date Comments

955 Pattern of Habitats Land Cover/Use Forest
956 Geomorphology Connectivity Floodplain

Secchi disk
957 Water Quality Water Clarity Backwater Areas transparency 1.5 m
958 Geomorphology Backwater Depth |Backwater Areas
959 Pattern of Habitats Terrestrial Areas |lIsland

Restore grassland and

960 Pattern of Habitats Land Cover/Use Grassland forest
961 Pattern of Habitats Terrestrial Areas |lIsland Island Protection
962 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
963 Pattern of Habitats Terrestrial Areas |lIsland
964 Geomorphology Backwater Depth Backwater Areas
965 Geomorphology Backwater Depth |Backwater Areas
966 Pattern of Habitats Land Cover/Use |Forest

Secchi disk
967 Water Quality Water Clarity Backwater Areas transparency 1.5 m
968 Pattern of Habitats Land Cover/Use Emergent Aquatics
969 Pattern of Habitats Terrestrial Areas Island Island Protection
970 Geomorphology Backwater Depth | Backwater Areas
971 Pattern of Habitats Terrestrial Areas |lIsland

Restore grassland and

972 Pattern of Habitats Land Cover/Use Grassland forest
973 Pattern of Habitats Aquatic Areas Secondary Channel
974 Pattern of Habitats Terrestrial Areas Island Island Protection

Secchi disk
975 Water Quality Water Clarity Backwater Areas transparency 1.5 m
976 Geomorphology Backwater Depth | Backwater Areas
977 Geomorphology Backwater Depth Backwater Areas
978 | Pattern of Habitats Land Cover/Use Submersed Aquatics

Secchi disk
979 Water Quality Water Clarity Backwater Areas transparency 1.5 m
980 Geomorphology Backwater Depth Backwater Areas
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Table C11. Site-specific UMR-IWW Environmental Objectives (Pool 10, cont.).

Icon | Ecosystem Element Parameter Extent Target Range Season | Frequency Target Date Comments
981 Pattern of Habitats Land Cover/Use Grassland
982 Pattern of Habitats Terrestrial Areas Island Island Protection
Secchi disk
983 Water Quality Water Clarity Backwater Areas transparency 1.5 m
984 Geomorphology Backwater Depth |Backwater Areas
985 Geomorphology Backwater Depth Backwater Areas
Secchi disk
986 Water Quality Water Clarity Backwater Areas transparency 1.5 m
987 Pattern of Habitats Terrestrial Areas |lIsland Island Protection
988 Geomorphology Connectivity Secondary Channel
989 Pattern of Habitats Terrestrial Areas |lIsland Island Protection
990 Pattern of Habitats Aquatic Areas Secondary Channel
991 Pattern of Habitats Terrestrial Areas |lIsland
992 Geomorphology Backwater Depth Backwater Areas
Delta, reduce sediment
993 Pattern of Habitats Terrestrial Areas |Other input and delta formation
Secchi disk
994 Water Quality Water Clarity Backwater Areas transparency 1.5 m
995 Pattern of Habitats Terrestrial Areas |lIsland
996 Pattern of Habitats Terrestrial Areas Island Island Protection
Restore grassland and
997 Pattern of Habitats Land Cover/Use Grassland forest
998 Pattern of Habitats Terrestrial Areas |lIsland Island Protection
999 Pattern of Habitats Terrestrial Areas |lIsland
Secchi disk
1000 Water Quality Water Clarity Backwater Areas transparency 1.5 m
Secchi disk
1001 \Water Quality Water Clarity Backwater Areas transparency 1.5 m
1002 Geomorphology Backwater Depth |Backwater Areas
1003 Geomorphology Backwater Depth ' Backwater Areas
Restore grassland and
1004 Pattern of Habitats Land Cover/Use Grassland forest
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Table C11. Site-specific UMR-IWW Environmental Objectives (Pool 10, cont.).

Ilcon | Ecosystem Element Parameter Extent Target Range Season  Frequency  Target Date Comments
1005|Pattern of Habitats Terrestrial Areas |Island
1006 Pattern of Habitats Terrestrial Areas |lIsland
1007 | Geomorphology Backwater Depth | Backwater Areas
Secchi disk
1008 \Water Quality Water Clarity Backwater Areas transparency 1.5 m
1009 Pattern of Habitats Terrestrial Areas |lIsland Island Protection
1010|Pattern of Habitats Terrestrial Areas |Island
1011 Pattern of Habitats Terrestrial Areas |lIsland Island Protection
Restore grassland and
1012 Pattern of Habitats Land Cover/Use |Grassland forest
1013 Geomorphology Backwater Depth | Backwater Areas
Secchi disk
1014 \Water Quality Water Clarity Backwater Areas transparency 1.5 m
Restore grassland and
1015 Pattern of Habitats Land Cover/Use |Grassland forest
1016 Pattern of Habitats Terrestrial Areas |lIsland Island Protection
1017 |Pattern of Habitats Terrestrial Areas |Island
Secchi disk
1018 Water Quality Water Clarity Backwater Areas transparency 1.5 m
1019 Geomorphology Connectivity Floodplain
1020 Geomorphology Backwater Depth | Backwater Areas
1021 Pattern of Habitats Terrestrial Areas |Island
Secchi disk
1022 Water Quality Water Clarity Backwater Areas transparency 1.5 m
1023 Geomorphology Backwater Depth | Backwater Areas
1024 Pattern of Habitats Terrestrial Areas |Island Island Protection
1025|Pattern of Habitats Terrestrial Areas |Island
Restore grassland and
1026 Pattern of Habitats Land Cover/Use |Grassland forest
1027 Pattern of Habitats Terrestrial Areas |lIsland
1028 | Pattern of Habitats Terrestrial Areas |Island
1029 Pattern of Habitats Aquatic Areas Isolated Backwater Wetland restoration
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Table C11. Site-specific UMR-IWW Environmental Objectives (Pool 10, cont.).

Ilcon | Ecosystem Element Parameter Extent Target Range Season  Frequency  Target Date Comments
1030 | Pattern of Habitats Terrestrial Areas |Island Island Protection
Restore grassland and
1031 Pattern of Habitats Land Cover/Use |Grassland forest
Variable drawdown as
Sum. & needed to restore
1032 Geomorphology Water Level Main Channel Other Win. 5 2005 vegetation
1034  Geomorphology Connectivity Longitudinal
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Table C12. Site-specific UMR-IWW Environmental Objectives (Pool 11).

Ilcon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
Use levee to reduce

1033 Geomorphology Connectivity Floodplain connectivity
1035 Geomorphology Water Level Backwater Areas
1036 Pattern of Habitats Land Cover/Use Emergent Aquatics

Secchi disk
1037 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2010
1038 Pattern of Habitats Terrestrial Areas |Island Island Protection
1039 Pattern of Habitats Aquatic Areas Main Channel
1040 Geomorphology Backwater Depth 'Backwater Areas

Land Easements or

1041 Other Other Acquisition

Secchi disk
1042 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2010
1043 Geomorphology Backwater Depth 'Backwater Areas
1044 Pattern of Habitats Aquatic Areas Secondary Channel
1045 Pattern of Habitats Terrestrial Areas |Island Island Protection
1046 Geomorphology Backwater Depth | Backwater Areas
1047 Pattern of Habitats Aquatic Areas Secondary Channel

Secchi disk
1048 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2010
1049 Geomorphology Backwater Depth Backwater Areas
1050 Pattern of Habitats Aquatic Areas Main Channel
1051 |Pattern of Habitats Aquatic Areas Secondary Channel

Secchi disk

transparency >2.0
1052 Water Quality Water Clarity Backwater Areas m Summer 10 2010
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Table C12. Site-specific UMR-IWW Environmental Objectives (Pool 11, cont.).

Icon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
Water quality objective for all
Secchi disk main channel and secondary
1053 Water Quality Water Clarity Main Channel transparency 1.0 m |Summer 10 2010 channel habitat, RM 608-615
1054 |Pattern of Habitats Terrestrial Areas |Island Island Protection
1055 Pattern of Habitats Terrestrial Areas |Island Island Protection
1056 Pattern of Habitats Terrestrial Areas |Island Island Protection
Secchi disk
1057 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2010
1058 Pattern of Habitats Aquatic Areas Main Channel
1059 Pattern of Habitats Land Cover/Use Forest
1060 Geomorphology Backwater Depth | Backwater Areas
1061 Geomorphology Backwater Depth 'Backwater Areas
1062 Pattern of Habitats Aquatic Areas Impounded Area
1063 Pattern of Habitats Terrestrial Areas |Island Island Protection
1064 Pattern of Habitats Land Cover/Use Grassland
1065 Pattern of Habitats Land Cover/Use Grassland
1066 Pattern of Habitats Land Cover/Use Emergent Aquatics
1067 Pattern of Habitats Aquatic Areas Secondary Channel
1068 Pattern of Habitats Terrestrial Areas |Island
1069 Pattern of Habitats Terrestrial Areas |Island Island Protection
1070 Pattern of Habitats Land Cover/Use Emergent Aquatics
1071 Geomorphology Connectivity Floodplain
1072 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
1073 Geomorphology Backwater Depth Backwater Areas
1074 Geomorphology Backwater Depth 'Backwater Areas
1075 Pattern of Habitats Terrestrial Areas |Island
Secchi disk
1076 Water Quality Water Clarity Backwater Areas  transparency 1.5 m Summer 10 2025
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Table C12. Site-specific UMR-IWW Environmental Objectives (Pool 11, cont.).

Icon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
1077 Geomorphology Backwater Depth | Backwater Areas

Secchi disk
1078 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2025

Secchi disk
1079 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2025
1080 Pattern of Habitats Terrestrial Areas |Island Island Protection
1081 Geomorphology Backwater Depth Backwater Areas

Secchi disk
1082 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2025
1083 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
1084  Geomorphology Backwater Depth 'Backwater Areas
1085 Pattern of Habitats Terrestrial Areas |Island Island Protection
1086 Pattern of Habitats Terrestrial Areas |Island
1087 |Pattern of Habitats Terrestrial Areas |Island Island Protection
1088 Pattern of Habitats Terrestrial Areas |Island
1089 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
1090 Geomorphology Backwater Depth | Backwater Areas
1091 |Pattern of Habitats Land Cover/Use Emergent Aquatics
1092 | Pattern of Habitats Land Cover/Use Emergent Aquatics

Delta, reduce sediment input

1093 Pattern of Habitats Terrestrial Areas Other and delta formation
1094 Pattern of Habitats Terrestrial Areas |Island
1095 Pattern of Habitats Terrestrial Areas |Island
1096 Pattern of Habitats Terrestrial Areas |Island Island Protection

Secchi disk
1097 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2025
1098 Geomorphology Backwater Depth Backwater Areas
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Table C12. Site-specific UMR-IWW Environmental Objectives (Pool 11, cont.).

Icon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
1099 Pattern of Habitats Terrestrial Areas |Island Island Protection
Secchi disk
1100 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2025
DO objective for all main
channel and secondary
channel habitat, DO >5 PPM,
1101 Water Quality Other All Year 10 0 Pools 10-11
1102 Geomorphology Backwater Depth |Backwater Areas
1103 Geomorphology Backwater Depth 'Backwater Areas
1104 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
Secchi disk
1105 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2025
1106 Pattern of Habitats Terrestrial Areas |Island Island Protection
1107 |Pattern of Habitats Land Cover/Use Emergent Aquatics
1108 Pattern of Habitats Terrestrial Areas |Island
Water quality objective for all
Secchi disk main channel and secondary
1109 Water Quality Water Clarity Main Channel transparency 1.0 m |Summer channel habitat, Pools 10-11
1110 Pattern of Habitats Land Cover/Use Forest
1111 Pattern of Habitats Terrestrial Areas |Island
Increase emergent and
1112 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Delta, reduce sediment input
1113 Pattern of Habitats Terrestrial Areas | Other and delta formation
1114 Pattern of Habitats Terrestrial Areas |Island Island Protection
1115 Pattern of Habitats Terrestrial Areas |Island Island Protection
1116 Pattern of Habitats Terrestrial Areas |Island
1117 |Pattern of Habitats Land Cover/Use Emergent Aquatics
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Table C12. Site-specific UMR-IWW Environmental Objectives (Pool 11, cont.).

Icon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
1118 Pattern of Habitats Terrestrial Areas |Island
1119 Pattern of Habitats Terrestrial Areas |Island
Secchi disk
1120 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2025
1121 Pattern of Habitats Terrestrial Areas |Island
Increase emergent and
1122 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1123 Pattern of Habitats Terrestrial Areas |Island
1124 | Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
Water quality objective for all
Secchi disk main channel and secondary
1125 Water Quality Water Clarity Main Channel transparency 1.0 m \Summer 10 2025 channel habitat, RM 583-608
1126 Pattern of Habitats Terrestrial Areas |Island
1127 |Pattern of Habitats Aquatic Areas Main Channel
1128 Pattern of Habitats Land Cover/Use Emergent Aquatics
1129 Pattern of Habitats Terrestrial Areas |Island
1130 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
1131 | Pattern of Habitats Aquatic Areas Impounded Area
1132 Pattern of Habitats Terrestrial Areas |Island
1133 Pattern of Habitats Land Cover/Use Emergent Aquatics
1134 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
1135 Geomorphology Backwater Depth | Backwater Areas
Increase emergent and
1136 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Secchi disk
1137 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2025
1138 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
1139 Pattern of Habitats Terrestrial Areas |Island
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Table C12. Site-specific UMR-IWW Environmental Objectives (Pool 11, cont.).

Icon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
1140 Pattern of Habitats Land Cover/Use Emergent Aquatics
1141 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
1142 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
1143 Pattern of Habitats Land Cover/Use Emergent Aquatics
1144 Pattern of Habitats Terrestrial Areas |Island
1145 Geomorphology Backwater Depth | Backwater Areas
Secchi disk

1146 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2025
1147 Pattern of Habitats Aquatic Areas Impounded Area
1148 Pattern of Habitats Land Cover/Use Emergent Aquatics
1149 Pattern of Habitats Terrestrial Areas |Island
1150 Geomorphology Backwater Depth 'Backwater Areas
1151 | Pattern of Habitats Land Cover/Use Emergent Aquatics

Delta, reduce sediment input
1152 | Pattern of Habitats Terrestrial Areas Other and delta formation
1153 Pattern of Habitats Land Cover/Use Emergent Aquatics
1154 | Pattern of Habitats Land Cover/Use Emergent Aquatics
1155 Pattern of Habitats Terrestrial Areas |Island
1156 Geomorphology Backwater Depth | Backwater Areas

Increase emergent and
1157 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics

Secchi disk

1158 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2025
1159 Pattern of Habitats Aquatic Areas Impounded Area
1160 Pattern of Habitats Terrestrial Areas |Island
1161 Pattern of Habitats Land Cover/Use Grassland Restore grassland and forest
1162 Pattern of Habitats Terrestrial Areas |Island Island Protection
1163 Geomorphology Backwater Depth Backwater Areas

UMR-IWW System Navigation Feasibility Study
Environmental Objectives Planning Workshops
DRAFT REPORT

C-55




Table C12. Site-specific UMR-IWW Environmental Objectives (Pool 11, cont.).

Icon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
Secchi disk
1164 Water Quality Water Clarity Backwater Areas transparency 1.5 m Summer 10 2025
1165 Pattern of Habitats Aquatic Areas Impounded Area
Increase emergent and
1166 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Sum. & Variable drawdown as needed]
1167 Geomorphology Water Level Main Channel Other Win. 5 2005 to restore vegetation
1168 Geomorphology Connectivity Longitudinal
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Table C13. Site-specific UMR-IWW Environmental Objectives (Pool 12).

Ilcon Ecosystem Element Parameter Extent Target Range  Season | Frequency| Target Date Comments
40% chance of fish  Spr. + )
1169 /Geomorphology Connectivity Longitudinal passage Fall 7 2010 See Wilcox study
Secchi disk During high water events, April
1170 |Water Quality Water Clarity Backwater Areas transparency 1.0 m Spring 5 June
Increase emergent and
1171 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1172 |Geomorphology Backwater Depth Backwater Areas 50% of area 1 -2 m Winter 10 2010
Hard points, See Peosta
1173 |Pattern of Habitats Aquatic Areas Secondary Channel Channel HREP
Increase emergent and
1174 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Secchi disk During high water events, April
1175 |Water Quality Water Clarity Backwater Areas transparency 1.0 m Spring 5 June
1176 |Geomorphology Backwater Depth Backwater Areas 50% of area 1 -2 m Winter 10 2010
Delta, reduce sediment input
and delta formation, Catfish
1177 |Pattern of Habitats Terrestrial Areas  Other Creek, Clean up watershed
Increase emergent and
1178 |Pattern of Habitats Land Cover/Use |Emergent Aquatics submersed aquatics
1179 \Geomorphology Backwater Depth |Backwater Areas 50% of area 2 - 3 m Winter 10 2010
Secchi disk During high water events, April
1180 \Water Quality Water Clarity Backwater Areas transparency 1.0 m Spring 5 June
1181 |Geomorphology Backwater Depth |Backwater Areas 50% of area 1 -2 m Winter 10 2010
Increase emergent and
1182 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Secchi disk During high water events, April
1183 |Water Quality Water Clarity Backwater Areas transparency 1.0 m ' Spring 5 June
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Table C13. Site-specific UMR-IWW Environmental Objectives (Pool 12, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range  'Season | Frequency Target Date Comments
3 Increase topographic diversity,
1184 |Pattern of Habitats Terrestrial Areas |Island Raise 2 m
1185 |Geomorphology Backwater Depth Backwater Areas 50% of area 1 -2 m Winter 10 2010
Increase emergent and
1186 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase emergent and
1187 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
See Pool 12 Over wintering
1188 | Geomorphology Backwater Depth Backwater Areas 50% of area 1 - 2 m Winter 10 2007 HREP
Secchi disk During high water events, April
1189 |Water Quality Water Clarity Backwater Areas transparency 1.0 m Spring 5 June
Secchi disk During high water events, April
1190 |Water Quality Water Clarity Backwater Areas transparency 1.0 m Spring 5 June
Increase topographic diversity,
1191 |Pattern of Habitats Terrestrial Areas |Island Raise 2 m
1192 |Geomorphology Backwater Depth Backwater Areas 50% of area 1 -2 m Winter 10 2010
Increase emergent and
1193 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
See Pool 12 Over wintering
1194 \Geomorphology Backwater Depth Backwater Areas 50% of area 1 - 2 m Winter 10 2010 HREP
Secchi disk During high water events, April
1195 |Water Quality Water Clarity Backwater Areas transparency 1.0 m Spring 5 June
Protected Fish Restore Lake Sturgeon, Pools
1196 Plants and Animals Fish Species 12-15
See Pool 12 Over wintering
1197 \Geomorphology Backwater Depth Backwater Areas 50% of area 1 - 2 m Winter 10 2010 HREP
Increase Topographic
Contiguous Diversity, Raise 2 m, See Pool
1198 Pattern of Habitats ~ Terrestrial Areas Floodplain 12 Over wintering HREP
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Table C13. Site-specific UMR-IWW Environmental Objectives (Pool 12, cont.).

Icon

Ecosystem Element

Parameter

Extent

Target Range

Season

Frequency

Target Date

Comments

1199

Geomorphology

Connectivity

Floodplain

100% inundation
during 10 year flood

1

2007

See Pool 12 Over wintering
HREP

1200

Pattern of Habitats

Land Cover/Use

Forest

Land acquisition for floodplain
and bluff forest habitat, RM
572-564, Red Shouldered
hawk and neotropical

1201

Pattern of Habitats

Terrestrial Areas

Contiguous Floodplai

Increase Topographic
Diversity, Raise 2 m, See Pool
12 Over wintering HREP

1202

Geomorphology

Backwater Depth

Backwater Areas

50% of area 1-2m

Winter

10

2007

See Pool 12 Over wintering
HREP

1203

Pattern of Habitats

Land Cover/Use

Emergent Aquatics

Increase emergent and
submersed aquatics

1204

Water Quality

Water Clarity

Backwater Areas

Secchi disk
transparency 1.0 m

Spring

During high water events, April
June

1205

Pattern of Habitats

Terrestrial Areas

Contiguous Floodplai

Increase Topographic
Diversity, Raise 2 m, See Pool
12 Over wintering HREP

1206

Pattern of Habitats

Land Cover/Use

Emergent Aquatics

Increase emergent and
submersed aquatics

1207

Geomorphology

Backwater Depth

Backwater Areas

50% ofarea1-2m

Winter

10

2007

See Pool 12 Over wintering
HREP

1208

Water Quality

Water Clarity

Backwater Areas

Secchi disk
transparency 1.0 m

Spring

During high water events, April
June

1209

Pattern of Habitats

Aquatic Areas

Other

2007

Riffle/Pool and Structure, See
Pool 12 Over wintering HREP

1210

Pattern of Habitats

Terrestrial Areas

Contiguous Floodplai

2007

Increase Topographic
Diversity, Raise 2 m, See Pool
12 Over wintering HREP
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Table C13. Site-specific UMR-IWW Environmental Objectives (Pool 12, cont.).

Icon  Ecosystem Element Parameter Extent Target Range 'Season Frequency Target Date Comments
See Pool 12 Over wintering
1211 |Geomorphology Backwater Depth Backwater Areas 50% of area 2 - 3 m Winter 10 2007 HREP
Increase emergent and
1212 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Secchi disk During high water events, April
1213 |Water Quality Water Clarity Backwater Areas transparency 1.0 m Spring 5 June
Clean out channel, 100% of
1214 |Pattern of Habitats Aquatic Areas Tertiary Channel 2009 area <1 m deep in winter
Secchi disk During high water events, April
1215 |Water Quality Water Clarity Backwater Areas transparency 1.0 m Spring 5 June
Increase Topographic
1216 |Pattern of Habitats Terrestrial Areas |Island 2006 Diversity, Raise 2 m
1217 |Geomorphology Backwater Depth Backwater Areas 50% of area 2 - 3 m Winter 9 2014
Increase emergent and
1218 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase emergent and
1219 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase Topographic
1220 |Pattern of Habitats Terrestrial Areas |Island 2014 Diversity, Raise 2 m
1221 |Pattern of Habitats Terrestrial Areas |Island 2010 Island protection
Secchi disk During high water events, April
1222 \Water Quality Water Clarity Backwater Areas transparency 1.0 m Spring 5 June
1223 |Geomorphology Backwater Depth |Backwater Areas 50% of area 2 - 3 m Winter 9 2014
Secchi disk During high water events, April
1224 \Water Quality Water Clarity Backwater Areas transparency 1.0 m Spring 5 June
Increase emergent and
1225 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
100% of area <1 m deep in
1226 |Pattern of Habitats Aquatic Areas Impounded Area 2010 winter
1227 Pattern of Habitats Terrestrial Areas Island 2010/ Island protection
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Table C13. Site-specific UMR-IWW Environmental Objectives (Pool 12, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range  Season | Frequency Targ_jet Date Comments
1228 |Geomorphology Backwater Depth Backwater Areas 50% of area 1 - 2 m Winter 10 2010
1229 |Pattern of Habitats Terrestrial Areas |Island 2010 Island Protection
1230 \Geomorphology Backwater Depth |Backwater Areas 50% of area 1 -2 m Winter 10 2010
Secchi disk During high water events, April

1231 \Water Quality Water Clarity Backwater Areas transparency 1.0 m Spring 5 June

Increase emergent and
1232 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics

Variable drawdown as needed
1233 Geomorphology Water Level Main Channel to restore vegetation

UMR-IWW System Navigation Feasibility Study
Environmental Objectives Planning Workshops

DRAFT REPORT
C-61




Table C14. Site-specific UMR-IWW Environmental Objectives (Pool 13).

Icon Ecosystem Element Parameter Extent Target Range [Season Frequency Target Date Comments
40% chance of fish  Spr. + )
1234 Geomorphology Connectivity Longitudinal passage Fall 7 2010 See Wilcox study
50% of area 2-3 m deep in
1235 Pattern of Habitats Aquatic Areas Secondary Channel 2011 |winter
1236 Pattern of Habitats Terrestrial Areas |Island 2014 |Island Protection
Secchi disk During high water events, April-
1237 Water Quality Water Clarity Backwater Areas |transparency 1.0 m Spring 5 June
1238 Geomorphology Backwater Depth | Backwater Areas |50% of area 1 -2 m Winter 10 2010
Increase emergent and
1239 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1240 Pattern of Habitats Terrestrial Areas |Island 2014 |Island Protection
1241 Pattern of Habitats Terrestrial Areas |Island 2014 |Island Protection
50% of area 1-2 m deep in
1242 Pattern of Habitats Aquatic Areas Main Channel 2015|spring
1243 Pattern of Habitats Aquatic Areas Main Channel 2015 Reduce shoreline erosion
Secchi disk During high water events, April-
1244 Water Quality Water Clarity Backwater Areas |transparency 1.0 m Spring 5 June
1245 Geomorphology Backwater Depth Backwater Areas |50% of area 1 -2 m Winter 10 2010
Increase emergent and
1246 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1247 Geomorphology Backwater Depth | Backwater Areas |50% of area 1 -2 m Winter 10 2010
Secchi disk During high water events, April-
1248 Water Quality Water Clarity Backwater Areas |transparency 1.0 m Spring 5 June
Increase emergent and
submersed aquatics, See
1249 Pattern of Habitats Land Cover/Use Emergent Aquatics Pleasant Creek HREP
50% of area 2-3 m deep in
1250 Pattern of Habitats Aquatic Areas Secondary Channel 2015 | winter
1251 | Pattern of Habitats Terrestrial Areas |Island 2015 Raise 2 m
1252 Pattern of Habitats ~ Aquatic Areas Other 2015 Riffle/Pool and Structure
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Table C14. Site-specific UMR-IWW Environmental Objectives (Pool 13, cont.).

Icon Ecosystem Element Parameter Extent Target Range [Season Frequency Target Date Comments
3 Increase Topographic Diversity,
Contiguous Raise 2 m, Maintain fish hook
1253 Pattern of Habitats Terrestrial Areas |Floodplain 2015 entrance
1254 | Pattern of Habitats Aquatic Areas Secondary Channel 2015/50% of area >3 m deep in winter]
Contiguous Increase Topographic Diversity,
1255 Pattern of Habitats Terrestrial Areas |Floodplain 2015/ Raise 2 m
Increase emergent and
1256 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1257  Geomorphology Backwater Depth Backwater Areas |50% of area 1 -2 m Winter 10 2010 Have to maintain
Secchi disk During high water events, April-
1258 Water Quality Water Clarity Backwater Areas  transparency 1.0 m Spring 5 June
Secchi disk During high water events, April-
1259 Water Quality Water Clarity Backwater Areas |transparency 1.0 m Spring 5 June
Increase emergent and
1260 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1261 Pattern of Habitats Aquatic Areas Tertiary Channel 2015 50% of area >3 m deep in winter
1262 Geomorphology Backwater Depth | Backwater Areas |50% of area 1 -2 m Winter 10 2010
Must have connectivity to the
1263 Geomorphology Backwater Depth | Backwater Areas |50% of area 1 -2 m Winter 10 2010 river with a fish hook
Secchi disk During high water events, April-
1264 Water Quality Water Clarity Backwater Areas |transparency 1.0 m Spring 5 June
Increase emergent and
1265 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Protected Fish Restore Lake Sturgeon, Pools
1266 Plants and Animals Fish Species 12-15
1267 Geomorphology Backwater Depth | Backwater Areas |50% of area 1 -2 m Winter 10 2010
Increase emergent and
1268 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Secchi disk During high water events, April-
1269 Water Quality Water Clarity Backwater Areas  transparency 1.0 m | Spring 5 June
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Table C14. Site-specific UMR-IWW Environmental Objectives (Pool 13, cont.).

Icon Ecosystem Element Parameter Extent Target Range [Season Frequency Target Date Comments
1270 Geomorphology Backwater Depth | Backwater Areas |50% of area 1 -2 m Winter 10 "~ 2010
1271 Pattern of Habitats Terrestrial Areas |lIsland 2015/ Raise 2 m
1272 Pattern of Habitats Land Cover/Use Emergent Aquatics Moist soil unit management
Secchi disk During high water events, April-
1273 Water Quality Water Clarity Backwater Areas |transparency 1.0 m Spring 5 June
Increase emergent and
1274 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1275 Geomorphology Backwater Depth | Backwater Areas |50% of area 1 -2 m Winter 10 2010
1276 Geomorphology Backwater Depth | Backwater Areas |50% of area 1 -2 m Winter 10 2010
1277 Pattern of Habitats Terrestrial Areas |lIsland 2015/ Raise 2 m
Secchi disk During high water events, April-
1278 Water Quality Water Clarity Backwater Areas  transparency 1.0 m Spring 5 June
Increase emergent and
1279 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase emergent and
1280 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1281 Geomorphology Backwater Depth | Backwater Areas |50% of area 1 -2 m Winter 10 2010
Secchi disk During high water events, April-
1282 Water Quality Water Clarity Backwater Areas  |transparency 1.0 m Spring 5 June
1283 Pattern of Habitats Terrestrial Areas |lIsland 2015|Island Protection, Raise 2 m
100% floodplain
area inundated
1284 Geomorphology Connectivity Floodplain during 10 year flood Maintain connectivity
1285 Pattern of Habitats Terrestrial Areas |lsland 2015/ Raise 2 m
Secchi disk During high water events, April-
1286 Water Quality Water Clarity Backwater Areas  transparency 1.0 m Spring 5 June
1287 Geomorphology Backwater Depth | Backwater Areas |50% of area 1 -2 m Winter 10 2010
Increase emergent and
1288 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Island protection, Include rip rap
for wave fetch protection, Raise
1289 Pattern of Habitats Terrestrial Areas Island 20152 m
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Table C14. Site-specific UMR-IWW Environmental Objectives (Pool 13, cont.).

Icon ' Ecosystem Element Parameter Extent Target Range  Season Frequency Target Date Comments
Delta, reduce sediment input
1290 Pattern of Habitats Terrestrial Areas Other and delta formation
Secchi disk During high water events, April-
1291 Water Quality Water Clarity Backwater Areas  transparency 1.0 m Spring 5 June
Island protection, Include rip rap
for wave fetch protection, Raise
1292 | Pattern of Habitats Terrestrial Areas |Island 20152 m
1293 Geomorphology Backwater Depth | Backwater Areas |50% of area 2 - 3 m Winter 10 2010
Increase emergent and
1294 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Delta, reduce sediment input
1295 Pattern of Habitats Terrestrial Areas Other and delta formation
1296 Pattern of Habitats Terrestrial Areas |lIsland Create islands
Increase emergent and
1297 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Secchi disk During high water events, April-
1298 Water Quality Water Clarity Backwater Areas |transparency 1.0 m Spring 5 June
Secchi disk During high water events, April-
1299 Water Quality Water Clarity Backwater Areas  transparency 1.0 m Spring 5 June
Maintain the depths in the
1300 Geomorphology Backwater Depth Backwater Areas  50% of area 1 - 2 m \Winter 10 2010 HREP
1301 Pattern of Habitats Terrestrial Areas |Island Create islands
Increase emergent and
1302 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1303 Pattern of Habitats Aquatic Areas Impounded Area 2014 50% of area >3 m deep in winter
Variable drawdown as needed
1304 Geomorphology Water Level Main Channel to restore vegetation
1305 Pattern of Habitats ~ Aquatic Areas Impounded Area 2014 50% of area >3 m deep in winter,
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Table C15. Site-specific UMR-IWW Environmental Objectives (Pool 14).

Icon Ecosystem Element Parameter Extent Target Range  Season | Frequency| Target Date Comments
80% chance of fish Spr. + )
1306 Geomorphology Connectivity Longitudinal passage Fall 7 2010
Secchi disk During high water events, April-
1307 Water Quality Water Clarity Backwater Areas  transparency 1.0 m Spring 5 June
1308 Geomorphology Backwater Depth |Backwater Areas |50% of area 1 -2 m Winter 10 2010
1309 Geomorphology Backwater Depth |Backwater Areas |50% of area 1 -2 m Winter 10 2010
Secchi disk During high water events, April-
1310 Water Quality Water Clarity Backwater Areas  transparency 1.0 m Spring 5 June
Increase emergent and
1311 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase emergent and
1312 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
50% of area >3 m deep in
1313 Pattern of Habitats Aquatic Areas Main Channel 2020 winter
50% of area >3 m deep in
1314 Pattern of Habitats Aquatic Areas Secondary Channel 2020 winter
1315 Geomorphology Backwater Depth |Backwater Areas |50% of area 1 -2 m Winter 10 2010
Secchi disk During high water events, April-
1316 Water Quality Water Clarity Backwater Areas  |transparency 1.0 m Spring 5 June
Increase emergent and
1317 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Secchi disk During high water events, April-
1318 Water Quality Water Clarity Backwater Areas  |transparency 1.0 m Spring 5 June
Increase emergent and
1319 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1320 Geomorphology Backwater Depth |Backwater Areas |50% of area 1 -2 m Winter 10 2010
1321 Geomorphology Backwater Depth |Backwater Areas |50% of area 1 -2 m Winter 10 2010
Monitor for pollution type
chemicals, ammonia problem in
1322 Water Quality Other this area
Secchi disk During high water events, April-
1323 Water Quality Water Clarity Backwater Areas transparency 1.0 m  Spring 5 June
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Table C15. Site-specific UMR-IWW Environmental Objectives (Pool 14, cont.).

Icon Ecosystem Element Parameter Extent Target Range  Season | Frequency| Target Date Comments
3 Increase emergent and
1324 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase Topographic Diversity,
1325 Pattern of Habitats Terrestrial Areas |Island 2020 Raise 2 m
1326 Geomorphology Backwater Depth |Backwater Areas |50% of area 1 -2 m Winter 10 2010
Secchi disk During high water events, April-
1327 Water Quality Water Clarity Backwater Areas  transparency 1.0 m Spring 5 June
Increase Topographic Diversity,
1328 Pattern of Habitats Terrestrial Areas |lIsland 2020/ Raise 2 m
Increase emergent and
1329 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase Topographic Diversity,
1330 Pattern of Habitats Terrestrial Areas |lIsland 2020/Raise 2 m
Increase Topographic Diversity,
1331 Pattern of Habitats Terrestrial Areas |lIsland 2020/Raise 2 m
1332 Geomorphology Backwater Depth |Backwater Areas |50% ofarea 1 -2 m Winter 10 2010
50% of area >3 m deep in
1333 Pattern of Habitats Aquatic Areas Secondary Channel winter
Secchi disk During high water events, April-
1334 Water Quality Water Clarity Backwater Areas transparency 1.0 m Spring 5 June
1335 Geomorphology Backwater Depth |Backwater Areas |50% of area 1 -2 m Winter 10 2020
Increase emergent and
1336 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
50% of area 1-2 m deep in
1337 Pattern of Habitats Aquatic Areas Main Channel 2020 winter
Island Protection, Use 6"
1338 Pattern of Habitats Terrestrial Areas |Island channel rock
Protected Fish Restore Lake Sturgeon, Pools
1339 Plants and Animals Fish Species 12-15
1340 Geomorphology Backwater Depth Backwater Areas  |50% of area 1 -2 m Winter 10 2020

UMR-IWW System Navigation Feasibility Study
Environmental Objectives Planning Workshops
DRAFT REPORT

C-67




Table C15. Site-specific UMR-IWW Environmental Objectives (Pool 14, cont.).

Icon | Ecosystem Element Parameter Extent Target Range 'Season | Frequency Target Date Comments
3 Monitoring area, high nitrogen
coming out of points sources,
1341 Water Quality Other factories
1342 Geomorphology Connectivity Floodplain Maintain connectivity
Monitor for water quality,
1343 Water Quality Other ammonia problem, RM 508-510
Increase emergent and
1344 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Contiguous Increase Topographic Diversity,
1345 Pattern of Habitats Terrestrial Areas |Floodplain 2020 Raise 2 m
Secchi disk During high water events, April-
1346 Water Quality Water Clarity Backwater Areas  |transparency 1.0 m Spring 5 June
1347 Geomorphology Backwater Depth |Backwater Areas |50% of area 1 -2 m Winter 10 2020
Secchi disk During high water events, April-
1348 Water Quality Water Clarity Backwater Areas  transparency 1.0 m Spring 5 June
1349 Geomorphology Backwater Depth |Backwater Areas |50% of area 1 -2 m Winter 10 2020
Increase emergent and
1350 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase emergent and
submersed aquatics, Maintain
1351 Pattern of Habitats Land Cover/Use Emergent Aquatics 2010 or improve
Secchi disk During high water events, April-
1352 Water Quality Water Clarity Backwater Areas  transparency 1.0 m Spring 5 June
1353 Geomorphology Backwater Depth |Backwater Areas |50% of area 1 -2 m Winter 10 2020
Increase emergent and
1354 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
50% of area >3 m deep in
1355 Pattern of Habitats Aquatic Areas Impounded Area 2005 winter
Variable drawdown as needed
1356 Geomorphology Water Level Main Channel to restore vegetation
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Table C16. Site-specific UMR-IWW Environmental Objectives (Pool 15).

Icon | Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
80% chance of )

1357  Geomorphology Connectivity Longitudinal fish passage Spring 10 2005

Water quality monitoring for
1358 Water Quality Other pollutants
1359 Pattern of Habitats Terrestrial Areas |Island 2005 Raise 2 m

50% of area >3 m deep in
1360 Pattern of Habitats Aquatic Areas Secondary Channel 2005 winter

Restore Lake Sturgeon, Pools
1361 Plants and Animals Fish Protected Fish Species 12-15

Water quality monitoring for
1362 Water Quality Other urban runoff

Variable drawdown as needed
1363 Geomorphology Water Level Main Channel to restore vegetation
1365 Geomorphology Connectivity Secondary Channel 60-80% of year |Winter 10 2005

50% of area >3 m deep in
1366 Pattern of Habitats Aquatic Areas Secondary Channel 2005 \winter

Water quality monitoring for
1367 Water Quality Other urban runoff, RM 486-478
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Table C17. Site-specific UMR-IWW Environmental Objectives (Pool 16).

Icon = Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
80% chance of
1364 Geomorphology Connectivity Longitudinal fish passage |Winter 10 2005
Examine wing dam design and effect
1368 Other Other on side channel to south
Delta, reduce sediment input and
1369 Pattern of Habitats Terrestrial Areas Other delta formation
40% of Pool 16 made up of
1370 Pattern of Habitats Aquatic Areas Secondary Channel Other 2025 secondary channel habitat
Increase emergent and submersed
aquatics, Increase to pool levels
1371 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010/ identified in HNA, Pools 16-19
10% of backwater areas in the pool
1372 Geomorphology Backwater Depth Backwater Areas | Other Winter 10 2020 |are deeper than 3 m, Pools 16-19
1373 Water Quality Water Clarity Backwater Areas
Delta, reduce sediment input and
1374 Pattern of Habitats Terrestrial Areas Other delta formation
1375 Geomorphology Connectivity Floodplain 2020 Connectivity Nahant Marsh Area
Increase emergent and submersed
aquatics, Increase to pool levels
1376 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010/ identified in HNA, Pools 16-19
1377 Water Quality Water Clarity Backwater Areas
10% of backwater areas in the pool
1378 Geomorphology Backwater Depth Backwater Areas | Other Winter 10 2020 |are deeper than 3 m, Pools 16-19
Increase emergent and submersed
aquatics, Increase to pool levels
1379 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010/ identified in HNA, Pools 16-19
1380 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
10% of backwater areas in the pool
1381 Geomorphology Backwater Depth Backwater Areas | Other Winter 10 2020 |are deeper than 3 m, Pools 16-19
1382 Water Quality Water Clarity Backwater Areas
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Table C17. Site-specific UMR-IWW Environmental Objectives (Pool 16, cont.).

Icon = Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
Increase emergent and submersed
aquatics, Increase to pool levels
1383 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010/ identified in HNA, Pools 16-19
1384 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
40% of Pool 16 made up of
1385 Pattern of Habitats Aquatic Areas Secondary Channel Other 2025 secondary channel habitat
Fleeting impacts, loss of aquatic
1386 Pattern of Habitats Aquatic Areas Main Channel habitat, RM 470-476
Resuspended sediment due to
fleeting, water quality monitoring
1387 Water Quality Water Clarity Main Channel required
1388 Pattern of Habitats Aquatic Areas Tertiary Channel
1389 Water Quality Water Clarity Backwater Areas
Increase emergent and submersed
aquatics, Increase to pool levels
1390 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010/ identified in HNA, Pools 16-19
Increase emergent and submersed
aquatics, Increase to pool levels
1391 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010/ identified in HNA, Pools 16-19
50% of area 1 -
1392 Geomorphology Backwater Depth Backwater Areas 2 m All Year 8 2020 Patterson Lake, RM 465.5-466.5
10% of backwater areas in the pool
1393 Geomorphology Backwater Depth Backwater Areas | Other Winter 10 2020 |are deeper than 3 m, Pools 16-19
1394 Water Quality Water Clarity Backwater Areas
Loss of riparian corridor, wind
1395 Pattern of Habitats Land Cover/Use Forest erosion of shoreline
1396 Pattern of Habitats Aquatic Areas Tertiary Channel
40% of Pool 16 made up of
1397 Pattern of Habitats Aquatic Areas Secondary Channel|Other 2025 |secondary channel habitat
1398 Water Quality Water Clarity Backwater Areas
1399 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
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Table C17. Site-specific UMR-IWW Environmental Objectives (Pool 16, cont.).

Icon = Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
Increase emergent and submersed
aquatics, Increase to pool levels
1400 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010/ identified in HNA, Pools 16-19
10% of backwater areas in the pool
1401 Geomorphology Backwater Depth Backwater Areas | Other Winter 10 2020 |are deeper than 3 m, Pools 16-19
Variable drawdown as needed to
1402 Geomorphology Water Level Main Channel restore vegetation
1403 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
1405 Pattern of Habitats Aquatic Areas Impounded Area
Increase emergent and submersed
aquatics, Increase to pool levels
1406 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010/ identified in HNA, Pools 16-19
1407 Water Quality Water Clarity Backwater Areas
10% of backwater areas in the pool
1408 Geomorphology Backwater Depth Backwater Areas  Other Winter 10 2020 are deeper than 3 m, Pools 16-19
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Table C18. Site-specific UMR-IWW Environmental Objectives (Pool 17).

Icon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
1404 Geomorphology Connectivity Longitudinal
Water quality monitoring for urban
1409 Water Quality Other runoff, monitoring for TMDL
Restore flow to Fourth Slough to
1410 Geomorphology Connectivity Secondary Channel improve water quality
Water quality monitoring, outflows
1411 Water Quality Other from industrial sites
1412 | Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
1413 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
1414 Pattern of Habitats Terrestrial Areas Other Restore tributary delta habitat
Protect, restore, maintain sand
1415 Pattern of Habitats Land Cover/Use |Grassland prairie
28% of Pool 17 made up of
1416 Pattern of Habitats Aquatic Areas Secondary Channel Other 2025 secondary channel habitat
1417 Water Quality Water Clarity Backwater Areas
10% of backwater areas in the pool
1418 Geomorphology Backwater Depth 'Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
Increase emergent and submersed
aquatics, Increase to pool levels
1419 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19
28% of Pool 17 made up of
1420 Pattern of Habitats Aquatic Areas Secondary Channel Other 2025 secondary channel habitat
1421 Pattern of Habitats Land Cover/Use Agriculture
28% of Pool 17 made up of
1422 Pattern of Habitats Aquatic Areas Secondary Channel Other 2025 secondary channel habitat
1423 Water Quality Water Clarity Backwater Areas
10% of backwater areas in the pool
1424 Geomorphology Backwater Depth Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
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Table C18. Site-specific UMR-IWW Environmental Objectives (Pool 17, cont.).

Icon | Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
Increase emergent and submersed
aquatics, Increase to pool levels
1425 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19
10% of backwater areas in the pool
1426 Geomorphology Backwater Depth | Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
1427 Water Quality Water Clarity Backwater Areas
Increase emergent and submersed
aquatics, Increase to pool levels
1428 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19
10% of backwater areas in the pool
1429 Geomorphology Backwater Depth 'Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
Increase emergent and submersed
aquatics, Increase to pool levels
1430 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19
1431 Pattern of Habitats Aquatic Areas Other Maintain and restore aquatic habitat
Increase emergent and submersed
aquatics, Increase to pool levels
1432 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19
1433 Pattern of Habitats Aquatic Areas Main Channel
Increase emergent and submersed
aquatics, Increase to pool levels
1434 Pattern of Habitats Land Cover/Use Emergent Aquatics | Other 2010 identified in HNA, Pools 16-19
10% of backwater areas in the pool
1435 Geomorphology Backwater Depth Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
1436 Water Quality Water Clarity Backwater Areas
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Table C18. Site-specific UMR-IWW Environmental Objectives (Pool 17, cont.).

Icon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
Restore connectivity to the channel,
lake, and ditches to improve water
1437 Geomorphology Connectivity Floodplain 2020 quality and habitat
1439 Pattern of Habitats Land Cover/Use Agriculture
1440 Water Quality Water Clarity Backwater Areas
10% of backwater areas in the pool
1441 Geomorphology Backwater Depth | Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
Increase emergent and submersed
aquatics, Increase to pool levels
1442 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19
1444 Pattern of Habitats Land Cover/Use Forest
1445 Water Quality Water Clarity Backwater Areas
Variable drawdown as needed to
1446 Geomorphology Water Level Main Channel restore vegetation
10% of backwater areas in the pool
1448 Geomorphology Backwater Depth Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
Restore connectivity to isolated
1449 Geomorphology Connectivity Floodplain 2020 wetland complex
Increase emergent and submersed
aquatics, Increase to pool levels
1450 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19
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Table C19. Site-specific UMR-IWW Environmental Objectives (Pool 18).

Icon | Ecosystem Element Parameter Extent Target Range |Season | Frequency Target Date Comments
1438 Geomorphology Connectivity Floodplain ~ 2020 See Lake Odessa HREP
Create a natural fish hatchery area,
1443 Plants and Animals Fish Other See Lake Odessa HREP
1447 Pattern of Habitats Terrestrial Areas |lIsland See Lake Odessa HREP
1451 Water Quality Water Clarity Backwater Areas
1452 Geomorphology Connectivity Longitudinal
10% of backwater areas in the pool
are deeper than 3 m, Pools 16-19,
1453 Geomorphology Backwater Depth Backwater Areas Other Winter 10 2020|See Lake Odessa HREP
Increase emergent and submersed
aquatics, Increase to pool levels
1454 Pattern of Habitats Land Cover/Use Emergent Aquatics |Other 2010/ identified in HNA, Pools 16-19
26% of Pool 18 made up of
1455 Pattern of Habitats Aquatic Areas Secondary Channel |Other 2025 secondary channel habitat
1456 Water Quality Water Clarity Backwater Areas
50% of area 1 -
1457  Geomorphology Backwater Depth 'Backwater Areas 2m Winter 10 2020
Increase emergent and submersed
aquatics, Increase to pool levels
1458 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010/ identified in HNA, Pools 16-19
Restore connectivity to 2 meters of
1459 Geomorphology Connectivity Floodplain All Year 10 2005 depth
26% of Pool 18 made up of
1460 Pattern of Habitats Aquatic Areas Secondary Channel |Other 2025 |secondary channel habitat
Restore and maintain aquatic
1461 Pattern of Habitats Aquatic Areas Other habitat
Delta, reduce sediment input and
1462 Pattern of Habitats Terrestrial Areas |Other delta formation
26% of Pool 18 made up of
1463 Pattern of Habitats Aquatic Areas Secondary Channel Other 2025 secondary channel habitat
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Table C19. Site-specific UMR-IWW Environmental Objectives (Pool 18, cont.).

Icon | Ecosystem Element Parameter Extent Target Range |Season | Frequency Target Date Comments
3 Delta, reduce sediment input and
1464 Pattern of Habitats Terrestrial Areas Other delta formation
1465 Water Quality Water Clarity Backwater Areas
10% of backwater areas in the pool
1466 Geomorphology Backwater Depth |Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
Increase emergent and submersed
aquatics, Increase to pool levels
1467 Pattern of Habitats Land Cover/Use Emergent Aquatics |Other 2010/ identified in HNA, Pools 16-19
1468 Geomorphology Connectivity Floodplain 2020 |Isolate the backwater area
1469 Pattern of Habitats Terrestrial Areas |lIsland Increase Topographic Diversity
1470 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
26% of Pool 18 made up of
1471 Pattern of Habitats Aquatic Areas Secondary Channel |Other 2025 |secondary channel habitat
1472 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
50% of area 1 -
1473 Geomorphology Backwater Depth |Backwater Areas 2m Winter 10 2020
Increase Topographic Diversity,
1474 Pattern of Habitats Terrestrial Areas |Island See Huron Island HREP
1475 Water Quality Water Clarity Backwater Areas
Increase emergent and submersed
aquatics, Increase to pool levels
1476 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010/ identified in HNA, Pools 16-19
Restore flow through area and
1477 Geomorphology Connectivity Secondary Channel All Year 10 2005 maintain 2 meter depths
Restore sand prairie habitat to
Yellow Banks Sand Prairie area,
1478 Pattern of Habitats Land Cover/Use Grassland 10-20% of area RM 415-432
26% of Pool 18 made up of
1479 Pattern of Habitats Aquatic Areas Secondary Channel |Other 2025 |secondary channel habitat
1480 Pattern of Habitats Land Cover/Use Forest See Huron Island HREP
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Table C19. Site-specific UMR-IWW Environmental Objectives (Pool 18, cont.).

Icon | Ecosystem Element Parameter Extent Target Range |Season | Frequency Target Date Comments
3 Increase Topographic Diversity,
1481 Pattern of Habitats Terrestrial Areas |Island See Huron Island HREP
1482 Water Quality Water Clarity Backwater Areas
1483 Pattern of Habitats Aquatic Areas Main Channel
10% of backwater areas in the pool
are deeper than 3 m, Pools 16-19,
1484  Geomorphology Backwater Depth Backwater Areas Other Winter 10 2020|See Huron Island HREP
Increase emergent and submersed
aquatics, Increase to pool levels
1485 Pattern of Habitats Land Cover/Use Emergent Aquatics |Other 2010/ identified in HNA, Pools 16-19
1486 Water Quality Water Clarity Backwater Areas
10% of backwater areas in the pool
1487 Geomorphology Backwater Depth 'Backwater Areas Other Winter 10 2020 |are deeper than 3 m, Pools 16-19
Increase emergent and submersed
aquatics, Increase to pool levels
1488 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010/ identified in HNA, Pools 16-19
Increase emergent and submersed
aquatics, Increase to pool levels
1489 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010/ identified in HNA, Pools 16-19
1490 Water Quality Water Clarity Backwater Areas
10% of backwater areas in the pool
1491 Geomorphology Backwater Depth |Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
50% of area 1 -
1492 Geomorphology Backwater Depth |Backwater Areas 2m Winter 10 2020
1493 Water Quality Water Clarity Backwater Areas
Increase emergent and submersed
aquatics, Increase to pool levels
1494 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19
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Table C19. Site-specific UMR-IWW Environmental Objectives (Pool 18, cont.).

Icon Ecosystem Element Parameter Extent Target Range |Season | Frequency Target Date Comments
3 Restore flow through backwater
1495 Geomorphology Connectivity Other All Year 10 2005 area
1496 Pattern of Habitats Terrestrial Areas |Island
Variable drawdown as needed to
1497  Geomorphology Water Level Main Channel restore vegetation
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Table C20. Site-specific UMR-IWW Environmental Objectives (Pool 19).

Icon | Ecosystem Element |  Parameter Extent Target Range Season Frequency Target Date Comments
1498 Geomorphology Connectivity Longitudinal )
Increase emergent and submersed
aquatics, Increase to pool levels
1499 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19
10% of backwater areas in the pool
1500 Geomorphology Backwater Depth Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
1501 Water Quality Water Clarity Backwater Areas
Increase emergent and submersed
aquatics, Increase to pool levels
1502 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19
10% of backwater areas in the pool
1503 Geomorphology Backwater Depth Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
1504 Water Quality Water Clarity Backwater Areas
1505 Other Other Target Land for Acquisition
1506 Water Quality Water Clarity Backwater Areas RM 395-402
Increase emergent and submersed
aquatics, RM 395-402, Increase to
pool levels identified in HNA, Pools
1507 Pattern of Habitats Land Cover/Use Emergent Aquatics |Other 2015 16-19
50% of area 2 -
1508 Geomorphology Backwater Depth Backwater Areas 3m All Year 10 2015 RM 395-402
Increase emergent and submersed
aquatics, Increase to pool levels
1509 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19
Agriculture and forest, 1500 acres,
1510 Pattern of Habitats Land Cover/Use Forest 2015/ RM 396-400
Increase emergent and submersed
aquatics, Increase to pool levels
1511 Pattern of Habitats Land Cover/Use Emergent Aquatics |Other 2010 identified in HNA, Pools 16-19
10% of backwater areas in the pool
1512 Geomorphology Backwater Depth Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
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Table C20. Site-specific UMR-IWW Environmental Objectives (Pool 19, cont.).

Icon | Ecosystem Element |  Parameter Extent Target Range Season Frequency Target Date Comments
- Target Land for Acquisition in
Blackhawk bottoms, waterfowl
1513 Other Other management, neotropical birds
1514 Water Quality Water Clarity Backwater Areas
Increase emergent and submersed
aquatics, Increase to pool levels
1515 Pattern of Habitats Land Cover/Use Emergent Aquatics |Other 2010 identified in HNA, Pools 16-19
10% of backwater areas in the pool
1516 Geomorphology Backwater Depth |Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
1517 Water Quality Water Clarity Backwater Areas
1518 Pattern of Habitats Land Cover/Use Other Restore plant diversity and habitat
1519 Geomorphology Connectivity Floodplain 2020 Levee set back
13% of Pool 19 made up of
1520 Pattern of Habitats Aquatic Areas Secondary Channel |Other 2025 secondary channel habitat
Delta, reduce sediment input and
1521 Pattern of Habitats Terrestrial Areas |Other delta formation
13% of Pool 19 made up of
1522 Pattern of Habitats Aquatic Areas Secondary Channel |Other 2025 secondary channel habitat
1523 Water Quality Water Clarity Backwater Areas
10% of backwater areas in the pool
1524 Geomorphology Backwater Depth |Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
Increase emergent and submersed
aquatics, Increase to pool levels
1525 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19
1526 Pattern of Habitats Aquatic Areas Other Riffle/Pool and Structure
10% of backwater areas in the pool
1527 Geomorphology Backwater Depth |Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
1528 Pattern of Habitats Terrestrial Areas |Island
1529 Water Quality Water Clarity Backwater Areas
Increase emergent and submersed
aquatics, Increase to pool levels
1530 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19
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Table C20. Site-specific UMR-IWW Environmental Objectives (Pool 19, cont.).

Icon | Ecosystem Element |  Parameter Extent Target Range Season Frequency Target Date Comments
3 10% of backwater areas in the pool

1531 Geomorphology Backwater Depth Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19
1532 Water Quality Other Water quality monitoring
1533 Pattern of Habitats Aquatic Areas Main Channel
1534 Water Quality Water Clarity Backwater Areas

10% of backwater areas in the pool
1535 Geomorphology Backwater Depth |Backwater Areas Other Winter 10 2020 are deeper than 3 m, Pools 16-19

Increase emergent and submersed

aquatics, Increase to pool levels
1536 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19
1537 Pattern of Habitats Aquatic Areas Impounded Area

Increase emergent and submersed

aquatics, Increase to pool levels
1538 Pattern of Habitats Land Cover/Use Emergent Aquatics Other 2010 identified in HNA, Pools 16-19

Delta, reduce sediment input and
1539 Pattern of Habitats Terrestrial Areas Other delta formation

50 acres, barrier islands, Navoo
1540 Pattern of Habitats Terrestrial Areas |Island 2015 flats, RM 374.5-378
1541 Pattern of Habitats Terrestrial Areas |Island
1542 Pattern of Habitats Aquatic Areas Impounded Area

Delta, reduce sediment input and
1543 Pattern of Habitats Terrestrial Areas Other delta formation

Delta, reduce sediment input and
1544 Pattern of Habitats Terrestrial Areas Other delta formation

Delta, reduce sediment input and
1545 Pattern of Habitats Terrestrial Areas Other delta formation

Delta, reduce sediment input and
1546 Pattern of Habitats Terrestrial Areas Other delta formation

Delta, reduce sediment input and
1547 Pattern of Habitats Terrestrial Areas Other delta formation

Variable drawdown as needed to
1548 Geomorphology Water Level Main Channel restore vegetation
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Table C21. Site-specific UMR-IWW Environmental Objectives (Pool 20).

Icon  Ecosystem Element|  Parameter Extent Target Range Season Frequency Target Date Comments
1549 Geomorphology Connectivity Longitudinal
1550 Water Quality Other Stormwater treatment

1551 Pattern of Habitats Aquatic Areas Main Channel

Restore or protect riparian buffer of
Des Moines River with BMPs to
reduce sediment loading to the
1552 Water Quality Water Clarity Other Mississippi River

1553 Pattern of Habitats Terrestrial Areas |Island Island Protection

1554 Pattern of Habitats Aquatic Areas Main Channel

1555 | Pattern of Habitats Aquatic Areas Secondary Channel

1556 Other Other Target Land for Acquisition
Target Land for Acquisition for
1557 Other Other habitat restoration
10-20% of the pool area made up
1558 Pattern of Habitats Land Cover/Use Forest Other 2050 of forest habitat, Pools 20-22
1559 Pattern of Habitats Aquatic Areas Secondary Channel
1560 Other Other Remove Abandoned Barges
1561 |Pattern of Habitats Aquatic Areas Main Channel
1562 Other Other Public Access
10-20% of the pool area made up
1563 Pattern of Habitats Land Cover/Use Forest Other 2050 of forest habitat, Pools 20-22
1564 Other Other Target Land for Acquisition
1565 Other Other Implement the CCP objectives
10-20% of the pool area made up
1566 Pattern of Habitats Land Cover/Use Grassland Other 2010 of grassland habitat, Pools 20-22
1567  Geomorphology Backwater Depth 'Backwater Areas
Increase emergent and submersed
1568 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
1569 Water Quality Water Clarity Backwater Areas
1570 Pattern of Habitats Aquatic Areas Secondary Channel
1571 Pattern of Habitats Terrestrial Areas |Island Island Protection
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Table C21. Site-specific UMR-IWW Environmental Objectives (Pool 20, cont.).

Icon  Ecosystem Element Parameter Extent Target Range Season Frequency  Target Date Comments
3 10-20% of the pool area made up

1572 Pattern of Habitats Land Cover/Use Forest Other 2050 of forest habitat, Pools 20-22

Restore and maintain depth in
1573 Geomorphology Backwater Depth Other secondary channel
1574 Other Other Target Land for Acquisition
1575 Water Quality Water Clarity Backwater Areas
1576 Pattern of Habitats Aquatic Areas Secondary Channel

Increase emergent and submersed
1577 Pattern of Habitats Land Cover/Use |Emergent Aquatics aquatics
1578 Other Other Public Access

Maintain structure to preserve
1579 Pattern of Habitats Aquatic Areas Secondary Channel secondary channel
1580 Other Other Target Land for Acquisition
1581 Pattern of Habitats Land Cover/Use Other Restore habitat diversity
1582 Other Other Target Land for Acquisition
1583 Geomorphology Backwater Depth Other Reconnect blew holes
1584 Water Quality Water Clarity Backwater Areas

Increase emergent and submersed
1585 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
1586 Pattern of Habitats Aquatic Areas Secondary Channel
1587 Pattern of Habitats Aquatic Areas Main Channel
1588 Other Other Target Land for Acquisition
1589 Pattern of Habitats Aquatic Areas Secondary Channel

10-20% of the pool area made up
1590 Pattern of Habitats Land Cover/Use Forest Other 2050 of forest habitat, Pools 20-22
1591 Pattern of Habitats Terrestrial Areas |Island
1592 Pattern of Habitats Aquatic Areas Main Channel

10-20% of the pool area made up
1593 Pattern of Habitats Land Cover/Use Forest Other 2050 of forest habitat, Pools 20-22
1594 Other Other Target Land for Acquisition
1595 Pattern of Habitats Aquatic Areas Main Channel
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Table C21. Site-specific UMR-IWW Environmental Objectives (Pool 20, cont.).

Icon | Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
3 Increase emergent and submersed
1596 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
1597 Geomorphology Backwater Depth |Backwater Areas
1598 Water Quality Water Clarity Backwater Areas
10-20% of the pool area made up
1599 Pattern of Habitats Land Cover/Use Forest Other 2050 of forest habitat, Pools 20-22
1600 Other Other Target Land for Acquisition
1601 |Pattern of Habitats Aquatic Areas Secondary Channel
1602 Pattern of Habitats Aquatic Areas Secondary Channel
1603 Pattern of Habitats Aquatic Areas Secondary Channel
1604 Pattern of Habitats Land Cover/Use Submersed Aquatics
Increase emergent and submersed
1605 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
1606 Water Quality Water Clarity Backwater Areas
1607 Geomorphology Backwater Depth |Backwater Areas
1608 Water Quality Water Clarity Backwater Areas
1609 Other Other Target Land for Acquisition
1610 Geomorphology Water Level Backwater Areas
1611 Pattern of Habitats Aquatic Areas Secondary Channel
1612 Other Other Target Land for Acquisition
1613 Pattern of Habitats Aquatic Areas Main Channel
10-20% of the pool area made up
1614 Pattern of Habitats Land Cover/Use Forest Other 2050 of forest habitat, Pools 20-22
Restore riparian corridor on Buck
1615 Pattern of Habitats Land Cover/Use Other Run, Maintain ditch
1616 Geomorphology Backwater Depth 'Backwater Areas
1617 Other Other Target Land for Acquisition
1618 Pattern of Habitats Aquatic Areas Main Channel
Increase emergent and submersed
1619 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
1620 Other Other Target Land for Acquisition
1621 Plants and Animals  Other Historic Migratory Bird Habitat
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Table C21. Site-specific UMR-IWW Environmental Objectives (Pool 20, cont.).

Icon | Ecosystem Element Parameter Extent Targef Range Season _Frequency Target Date Comments
1622 Water Quality Water Clarity Backwater Areas
1623 Water Quality Water Clarity Backwater Areas
1624 Pattern of Habitats Aquatic Areas Main Channel
Restore backwater submergent
1625 Pattern of Habitats Land Cover/Use Submersed Aquatics vegetation
1626 Other Other Floodplain acquisition
1627 Pattern of Habitats Aquatic Areas Impounded Area
Variable drawdown as needed to
1628 Geomorphology Water Level Main Channel restore vegetation

UMR-IWW System Navigation Feasibility Study
Environmental Objectives Planning Workshops
DRAFT REPORT

C-86




Table C22. Site-specific UMR-IWW Environmental Objectives (Pool 21).

Icon Ecosystem Element Parameter Extent Target Range |Season Frequency Target Date Comments
1629 Geomorphology Connectivity Longitudinal )
Delta, reduce sediment input and
1630 Pattern of Habitats Terrestrial Areas Other delta formation
Delta, reduce sediment input and
1631 Pattern of Habitats Terrestrial Areas Other delta formation
1632 Pattern of Habitats Terrestrial Areas |Island
1633 Geomorphology Connectivity Floodplain
1634 Other Other Target Land for Acquisition
1635 Other Other Target Land for Acquisition
Reduce sediment input from Bear
1636 Water Quality Water Clarity Other Creek into Canton Chute
Hard points, See Gardner Division
1637 Pattern of Habitats Aquatic Areas Secondary Channel HREP
Increase emergent and submersed
1638 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
Land acquisition, Restore riparian
1639 Geomorphology Connectivity Floodplain corridor RM 342-336,
1640 Geomorphology Backwater Depth 'Backwater Areas
Restore Historic Migratory Bird
1641 Plants and Animals Other Habitat
1642 Water Quality Water Clarity Backwater Areas
1643 Pattern of Habitats Terrestrial Areas |Island Protect islands from erosion
1644 Pattern of Habitats Aquatic Areas Secondary Channel See Gardner Division HREP
Increase emergent and submersed
1645 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
1646 Water Quality Water Clarity Backwater Areas
1647 Geomorphology Backwater Depth Backwater Areas See Gardner Division HREP
Reduce sediment input from the
1648 Water Quality Water Clarity Other Wyaconda watershed
10-20% of the pool area made up
of forest habitat, Pools 20-22, See
1649 Pattern of Habitats Land Cover/Use |Forest Other 2050 Gardner Division HREP
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Table C22. Site-specific UMR-IWW Environmental Objectives (Pool 21, cont.).

Icon | Ecosystem Element Parameter Extent Target Range |Season Frequency Target Date Comments
1650 Other Other 3 Implement CCP objectives
1651 Pattern of Habitats Aquatic Areas Secondary Channel See Gardner Division HREP
1652 Geomorphology Connectivity Floodplain
Delta, reduce sediment input and
1653 Pattern of Habitats Terrestrial Areas Other delta formation
Increase emergent and submersed
1654 | Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
10-20% of the pool area made up
of forest habitat, Pools 20-22, See
1655 Pattern of Habitats Land Cover/Use Forest Other 2050 Gardner Division HREP
1656 Geomorphology Backwater Depth Backwater Areas See Gardner Division HREP
1657 Water Quality Water Clarity Backwater Areas
Investigate backwater habitat
1658 Pattern of Habitats Other restoration
1659 Pattern of Habitats Land Cover/Use Emergent Aquatics Wetland restoration
Restore Historic Migratory Bird
1660 Plants and Animals Other Habitat
1661 Geomorphology Connectivity Floodplain
1662 Geomorphology Connectivity Floodplain
1663 Other Other Target Land for Acquisition
1664 Pattern of Habitats Terrestrial Areas |Island
Increase emergent and submersed
1665 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
1666 Water Quality Water Clarity Backwater Areas
1667 Geomorphology Connectivity Floodplain
1668 Geomorphology Connectivity Floodplain
1669 Water Quality Other Reduce sediment and nutrient input]
1670 Other Other Land Acquisition
1671 Water Quality Water Clarity Backwater Areas
Increase emergent and submersed
1672 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
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Table C22. Site-specific UMR-IWW Environmental Objectives (Pool 21, cont.).

Icon Ecosystem Element Parameter Extent Target Range |Season Frequency Target Date Comments
1673 Geomorphology Backwater Depth |Backwater Areas -
Restore Historic Migratory Bird
1674 Plants and Animals Other Habitat
1675 Water Quality Water Clarity Backwater Areas
1676 Geomorphology Backwater Depth |Backwater Areas
1677 Geomorphology Connectivity Other Close off
Increase emergent and submersed
1678 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
1679 Pattern of Habitats Terrestrial Areas |Island Create islands with dredge material
Restore Historic Migratory Bird
1680 Plants and Animals Other Habitat
Restore Historic Migratory Bird
1681 Plants and Animals Other Habitat
1682 Water Quality Other Reduce urban stormwater runoff
1683 Pattern of Habitats Terrestrial Areas |Island Island Protection
1684 Pattern of Habitats Terrestrial Areas |Island Island protection, Fleeting area
Restore Historic Migratory Bird
1685 Plants and Animals Other Habitat
1686 Geomorphology Backwater Depth 'Backwater Areas
1687 Water Quality Water Clarity Backwater Areas
Variable drawdown as needed to
1688 Geomorphology Water Level Main Channel restore vegetation
Increase emergent and submersed
1689 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics
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Table C23. Site-specific UMR-IWW Environmental Objectives (Pool 22).

Icon | Ecosystem Element Parameter Extent Target Range  Season |Frequency Target Date Comments
1690 Geomorphology Connectivity Other ) Restore tributary channel
1691 Geomorphology Connectivity Longitudinal
Reduce nutrient loading and]
1692 Water Quality Other identify point source
1693 Geomorphology Connectivity Secondary Channel
1694 Pattern of Habitats Aquatic Areas Secondary Channel
10-20% of the pool area
made up of forest habitat,
1695 Pattern of Habitats Land Cover/Use Forest Other 2050 Pools 20-22
1696 Geomorphology Connectivity Floodplain
1697 Other Other Target Land for Acquisition
1698 Other Other Target Land for Acquisition
Meet TMDL requirements
1699 Water Quality Other for tributary input
1700 Geomorphology Backwater Depth Backwater Areas
Place hard points in shallow
1701 | Pattern of Habitats Aquatic Areas Secondary Channel areas.
Increase emergent and
1702 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1703 Water Quality Water Clarity Backwater Areas
1704 Pattern of Habitats Aquatic Areas Secondary Channel
10-20% of the pool area
made up of forest habitat,
1705 Pattern of Habitats Land Cover/Use Forest Other 2050 Pools 20-22
1706 Pattern of Habitats Aquatic Areas Secondary Channel Series of Hard Points.
10-20% of the pool area
made up of forest habitat,
1707 Pattern of Habitats Land Cover/Use Forest Other 2050 Pools 20-22
Reduce nutrient loading and|
1708 Water Quality Other identify source
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Table C23. Site-specific UMR-IWW Environmental Objectives (Pool 22, cont.).

Icon Ecosystem Element Parameter Extent Target Range  [Season Frequency Target Date Comments
3 10-20% of the pool area
made up of forest habitat,
1709 Pattern of Habitats Land Cover/Use Forest Other 2050 Pools 20-22
1710 Other Other Target Land for Acquisition
1711 Geomorphology Backwater Depth | Backwater Areas
Increase emergent and
1712 Pattern of Habitats Land Cover/Use |Emergent Aquatics submersed aquatics
1713 Water Quality Water Clarity Backwater Areas
1714 Other Other Target Land for Acquisition
Increase emergent and
1715 Pattern of Habitats Land Cover/Use |Emergent Aquatics submersed aquatics
1716 Geomorphology Connectivity Floodplain Reconnect Slough??
1717 Water Quality Water Clarity Backwater Areas
1718 Geomorphology Backwater Depth Backwater Areas 50% of area 2 -3 m
1719 Pattern of Habitats Terrestrial Areas |Island Island Protection
Reduce nutrient loading
1720 Water Quality Other from point source
1721 Pattern of Habitats Terrestrial Areas |Island
Increase emergent and
1722 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
10-20% of the pool area
made up of forest habitat,
1723 Pattern of Habitats Land Cover/Use Forest Other 2050 Pools 20-22
1724 Water Quality Water Clarity Backwater Areas
1725 Geomorphology Backwater Depth Backwater Areas
1726 Other Other Target Land for Acquisition
1727 Pattern of Habitats Terrestrial Areas |Island Island Protection
1728 Geomorphology Connectivity Secondary Channel
1729 Pattern of Habitats Aquatic Areas Main Channel
10-20% of the pool area
made up of forest habitat,
1730 Pattern of Habitats Land Cover/Use Forest Other 2050 Pools 20-22
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Table C23. Site-specific UMR-IWW Environmental Objectives (Pool 22, cont.).

Icon Ecosystem Element Parameter Extent Target Range  [Season Frequency Target Date Comments
1731 Geomorphology Connectivity Secondary Channel
1732 Other Other Target Land for Acquisition
1733 Pattern of Habitats Aquatic Areas Secondary Channel
1734 Pattern of Habitats Aquatic Areas Isolated Backwater
1735 Water Quality Water Clarity Backwater Areas
1736 Pattern of Habitats Aquatic Areas Secondary Channel
Increase emergent and
1737 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1738 Geomorphology Backwater Depth Backwater Areas
10-20% of the pool area
made up of forest habitat,
1739 Pattern of Habitats Land Cover/Use Forest Other 2050 Pools 20-22
1740 Geomorphology Connectivity Secondary Channel
10-20% of the pool area
made up of forest habitat,
1741 Pattern of Habitats Land Cover/Use Forest Other 2050 Pools 20-22
1742 Pattern of Habitats Aquatic Areas Main Channel
1743 Other Other Target Land for Acquisition
1744 Other Other Target Land for Acquisition
1745 Water Quality Water Clarity Backwater Areas
10-20% of the pool area
made up of forest habitat,
Pools 20-22, Levee
setback, widen riparian
1746 Pattern of Habitats Land Cover/Use Forest Other 2050 corridor
1747 Geomorphology Backwater Depth 'Backwater Areas
Increase emergent and
1748 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1749 Pattern of Habitats Aquatic Areas Contiguous Backwater
1750 Geomorphology Connectivity Floodplain
1751 Pattern of Habitats Land Cover/Use Other Restore natural habitat
1752 Pattern of Habitats Aquatic Areas Secondary Channel

UMR-IWW System Navigation Feasibility Study
Environmental Objectives Planning Workshops
DRAFT REPORT

C-92




Table C23. Site-specific UMR-IWW Environmental Objectives (Pool 22, cont.).

Icon Ecosystem Element Parameter Extent Target Range  [Season Frequency Target Date Comments
1753 Water Quality Water Clarity Backwater Areas -
1754 Geomorphology Connectivity Secondary Channel
1755 Geomorphology Backwater Depth | Backwater Areas
Increase emergent and
1756 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1757 Geomorphology Backwater Depth 'Backwater Areas
1758 Pattern of Habitats Aquatic Areas Main Channel
1759 Water Quality Water Clarity Backwater Areas
1760 Other Other Target Land for Acquisition
Increase emergent and
1761 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1762 Water Quality Water Clarity Backwater Areas
Increase emergent and
1763 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1764 Geomorphology Backwater Depth | Backwater Areas
1765 Pattern of Habitats Aquatic Areas Contiguous Backwater
Reduce nutrient loading at
point source location, and
1766 Water Quality Other reduce urban runoff
Island protection, fleeting
1767 Pattern of Habitats Terrestrial Areas |Island area
Island creation using
1768 Pattern of Habitats Terrestrial Areas |lIsland dredge material
1769 Pattern of Habitats Aquatic Areas Main Channel
10-20% of the pool area
made up of forest habitat,
1770 Pattern of Habitats Land Cover/Use Forest Other 2050 Pools 20-22
1771 Pattern of Habitats Aquatic Areas Secondary Channel
1772 Pattern of Habitats Terrestrial Areas |Island Island Protection
Delta, reduce sediment
1773 Pattern of Habitats Terrestrial Areas Other input and delta formation
1774 Water Quality Water Clarity Backwater Areas
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Table C23. Site-specific UMR-IWW Environmental Objectives (Pool 22, cont.).

Icon Ecosystem Element Parameter Extent Target Range  [Season Frequency Target Date Comments
1775 Pattern of Habitats Aquatic Areas Contiguous Backwater )
10-20% of the pool area
made up of grassland
1776 Pattern of Habitats Land Cover/Use Grassland Other 2010 habitat, Pools 20-22
1777 Geomorphology Backwater Depth |Backwater Areas
1778 Other Other Target Land for Acquisition
Increase emergent and
1779 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1780 Pattern of Habitats Aquatic Areas Main Channel
1781 Pattern of Habitats Terrestrial Areas |Island
1782 Water Quality Water Clarity Backwater Areas
1783 Geomorphology Backwater Depth 'Backwater Areas
1784 Pattern of Habitats Aquatic Areas Secondary Channel
Increase emergent and
1785 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Variable drawdown as
needed to restore
1786 Geomorphology Water Level Main Channel vegetation
1787 Pattern of Habitats Aquatic Areas Main Channel
Delta, reduce sediment
1788 Pattern of Habitats Terrestrial Areas Other input and delta formation
Meet TMDL requirements
1789 Water Quality Other for tributary
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Table C24. Site-specific UMR-IWW Environmental Objectives (Pool 24).

Ilcon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
100% chance of fish )
1790 \Geomorphology Connectivity Longitudinal passage
1791 \Water Quality Water Clarity Backwater Areas
1792 \Geomorphology Backwater Depth | Backwater Areas 50% of area2-3 m All Year 10 Secondary Channel
Increase emergent and
1793 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Backwater area connectivity,
1794 \Geomorphology Connectivity Other 10 Isolated on Cottel Island
1795 |Pattern of Habitats  |Aquatic Areas Secondary Channel >60% of area Notch closing dam
1796 |Pattern of Habitats Terrestrial Areas Other Delta
1797 |Pattern of Habitats Terrestrial Areas Other Maintain terrestrial area habitat
1798 |Pattern of Habitats Terrestrial Areas Other Delta, maintain with no net loss
1799 Pattern of Habitats  |Aquatic Areas Secondary Channel
1800 Pattern of Habitats  |Aquatic Areas Secondary Channel >60% of area
1801 |Geomorphology Backwater Depth | Backwater Areas 50% of area 2 -3 m
1802 'Water Quality Water Clarity Backwater Areas
1803 |Geomorphology Backwater Depth | Backwater Areas
Increase emergent and
1804 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1805 Pattern of Habitats  |Aquatic Areas Secondary Channel Increase flow
1806 |Geomorphology Backwater Depth | Backwater Areas
1807 ‘Water Quality Water Clarity Backwater Areas
1808 |Geomorphology Backwater Depth | Backwater Areas
Increase emergent and
1809 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1810 \Geomorphology Backwater Depth | Backwater Areas 50% of area 2 -3 m
1811 |Pattern of Habitats Terrestrial Areas |Island
Increase connectivity to
1812 |Geomorphology Connectivity Floodplain backwater area
Notch two closing structures
1813 |Pattern of Habitats  |Aquatic Areas Secondary Channel behind island
1814 |Pattern of Habitats  |Aquatic Areas | Secondary Channel Maintain
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Table C24. Site-specific UMR-IWW Environmental Objectives (Pool 24, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range Season Frequency Targ_;et Date Comments
1815 |Water Quality Water Clarity Backwater Areas
1816 | Geomorphology Backwater Depth Backwater Areas Implement Shanks HREP
Increase emergent and
1817 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Implement proposed project
1818 |Pattern of Habitats Other ASAP
See Angle Blackburn Island
1819 \Geomorphology Connectivity Secondary Channel HREP
1820 |Pattern of Habitats Land Cover/Use Emergent Aquatics
1821 |Pattern of Habitats Land Cover/Use Forest
1822 |Geomorphology Connectivity Floodplain
Reconnect, reforestation, and
wet meadow construction. Salt
1823 |Pattern of Habitats Other River Bottoms
See Angle Blackburn Island
1824 Pattern of Habitats  |Aquatic Areas Secondary Channel HREP
See Angle Blackburn Island
1825 \Geomorphology Backwater Depth Backwater Areas HREP
Connect borrow pit to main
1826 \Geomorphology Connectivity Other channel
1827 |Pattern of Habitats Terrestrial Areas Other Delta, maintain, mussel beds
1828 |Pattern of Habitats Terrestrial Areas |Island
Implement CCP strategies in
1829 |Pattern of Habitats Other this area, FWS, Delair
1830 |Geomorphology Connectivity Floodplain Levee setback
1831 |Water Quality Water Clarity Backwater Areas
1832 |Geomorphology Connectivity Other Connect island ponds to river
Deepen ponds on island and
1833 |Geomorphology Backwater Depth Backwater Areas 50% of area2-3 m connect to river
Increase emergent and
1834 Pattern of Habitats  Land Cover/Use Emergent Aquatics submersed aquatics
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Table C24. Site-specific UMR-IWW Environmental Objectives (Pool 24, cont.).

Icon Ecosystem Element Parameter Extent Target Range Season | Frequency Targ_;et Date Comments
Mussel bed,
1835 |Plants and Animals  Other protect and maintain area
1836 |Geomorphology Connectivity Other Connect island ponds to river
Increase emergent and
1837 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Deepen ponds on island and
1838 |Geomorphology Backwater Depth | Backwater Areas 50% of area2 -3 m connect to river
1839 Water Quality Water Clarity Backwater Areas
1840 \Geomorphology Backwater Depth Backwater Areas
1841 \Water Quality Water Clarity Backwater Areas
Increase emergent and
1842 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1843 \Water Quality Water Clarity Backwater Areas
1844 \Geomorphology Backwater Depth Backwater Areas Do phase 2 of HREP
Increase emergent and
1846 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1847 |Pattern of Habitats Terrestrial Areas |Island
1848 Water Quality Water Clarity Backwater Areas
1849 |Pattern of Habitats | Aquatic Areas Main Channel Notch closing structure
Increase depth and reduce
1850 |Geomorphology Backwater Depth | Backwater Areas 50% of area2 -3 m sedimentation
Increase acreage of bottomland
1851 |Pattern of Habitats Land Cover/Use Forest hardwoods. RM 274-275
Increase emergent and
1852 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Pool-wide water level
1853 |Geomorphology Water Level Main Channel management
1854 |Water Quality Water Clarity Backwater Areas
Increase emergent and
1855 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Clarksville/Dundee Harbor,
1856 |Geomorphology Backwater Depth | Backwater Areas implement HREP
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Table C25. Site-specific UMR-IWW Environmental Objectives (Pool 25).

Ilcon Ecosystem Element Parameter Extent Target Range Season | Frequency | Target Date Comments
1845 /Geomorphology Other ) Restore natural meanders
100% chance of fish

1857 |Geomorphology Connectivity Longitudinal passage Spring

Acquire remaining portions of
1858 Other Other Clarksville Island

Deepen and reconnect
1859 |Geomorphology Backwater Depth Backwater Areas 50% of area2-3 m backwater sloughs
1860 Water Quality Water Clarity Backwater Areas
1861 Geomorphology Connectivity Other Connect backwater sloughs

Maintain gravel bar for
1862 Geomorphology Other mussels

Reforestation in the vicinity off
1863 Pattern of Habitats Land Cover/Use Forest Pecan Lake

Increase emergent and
1864 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1865 Geomorphology Backwater Depth Backwater Areas
1866 Water Quality Water Clarity Backwater Areas

Add rock barbs to increase
1867 Pattern of Habitats Aquatic Areas Secondary Channel diversity

Floodplain connectivity, levee
1868 |Geomorphology Connectivity Floodplain setback, wetland restoration

Side channel and backwater
1869 |Pattern of Habitats Aquatic Areas Secondary Channel restoration

Increase emergent and
1870 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics

Side channel and backwater
1871 |Pattern of Habitats Aquatic Areas Secondary Channel restoration
1872 \Water Quality Water Clarity Backwater Areas

Increase emergent and
1873 Pattern of Habitats ~ Land Cover/Use Emergent Aquatics submersed aquatics
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Table C25. Site-specific UMR-IWW Environmental Objectives (Pool 25, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range Season  Frequency Targ_jet Date Comments
1874 \Geomorphology Backwater Depth |Backwater Areas
1875 |Geomorphology Backwater Depth Backwater Areas
Increase emergent and
1876 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1877 \Water Quality Water Clarity Backwater Areas
Area being returned to lakes
1878 |Pattern of Habitats Other and forests, RM 263-265
Remove wing dam to
improve aquatic habitat, RM
1879 |Pattern of Habitats Aquatic Areas Main Channel 267.2
Notch closing structure to
1880 |Pattern of Habitats Aquatic Areas Main Channel improve aquatic habitat
1881 |Pattern of Habitats Land Cover/Use Forest Reforestation
1882 |Pattern of Habitats Aquatic Areas Secondary Channel
Create scour holes in
1883 |Pattern of Habitats Aquatic Areas Secondary Channel channel
Wetland restoration, levee
1884 |Geomorphology Connectivity Floodplain buyout
1885 |Geomorphology Backwater Depth Backwater Areas 50% of area2-3 m
Clarence Cannon Refuge,
1886 |Pattern of Habitats Other implement CCP
1887 \Water Quality Water Clarity Backwater Areas
Increase emergent and
1888 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Delta, reduce sediment input
1889 |Pattern of Habitats Terrestrial Areas |Other and delta formation
1890 |Pattern of Habitats Land Cover/Use Forest Increase forest diversity
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Table C25. Site-specific UMR-IWW Environmental Objectives (Pool 25, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range Season | Frequency Target Date Comments
Create areas of deep (20-40
feet) over wintering habitat in
1891 |Geomorphology Backwater Depth Other secondary channel
Reconnect HREP? (ref. Pool
1892 \Geomorphology Backwater Depth Backwater Areas 50% of area 2 -3 m 25/26 fact sheets.)
1893 'Water Quality Water Clarity Backwater Areas
Deep water over wintering
fish habitat (ref. Pool 25/26
1894 |Pattern of Habitats Aquatic Areas Secondary Channel fact sheet)
Increase emergent and
1895 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Expand bottomland
1896 |Pattern of Habitats Land Cover/Use Forest hardwood forest in area
1897 /Geomorphology Backwater Depth Backwater Areas 50% of area 2 -3 m
1898 ‘Water Quality Water Clarity Backwater Areas
Increase emergent and
1899 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1900 |Geomorphology Connectivity Floodplain
Create areas of deep (20-40
feet) over wintering habitat in
1901 |Geomorphology Backwater Depth Other secondary channel
1902 |Pattern of Habitats Aquatic Areas Secondary Channel Notch or remove structures
Increase forest diversity,
1903 |Pattern of Habitats Land Cover/Use Forest hard mast trees
1904 'Water Quality Water Clarity Backwater Areas
1905 /Geomorphology Backwater Depth Backwater Areas 50% of area 2 -3 m Ref. 25/26 HREP
1906 Pattern of Habitats ~ Aquatic Areas  Tertiary Channel 20-40% of area
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Table C25. Site-specific UMR-IWW Environmental Objectives (Pool 25, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range Season  Frequency | Target Date Comments
3 Increase emergent and
1907 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1908 ‘Water Quality Water Clarity Backwater Areas
Reconnect island backwater
1909 |Geomorphology Connectivity Other areas
1910 |Geomorphology Backwater Depth Backwater Areas 50% of area2-3 m
Increase emergent and
1911 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Reconnect island backwater
1912 |Geomorphology Connectivity Other areas
Deep water over wintering
1913 |Pattern of Habitats Aquatic Areas Secondary Channel fish habitat
1914 \Geomorphology Connectivity Floodplain Levee setback
Restore backwater
1915 |Geomorphology Connectivity Floodplain connectivity
1916 'Water Quality Water Clarity Backwater Areas
1917 |Pattern of Habitats Aquatic Areas Main Channel Multiple round sites, monitor
1918 |Geomorphology Backwater Depth Backwater Areas Missouri DOC owns property
Increase emergent and
1919 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1920 ‘Water Quality Water Clarity Backwater Areas
1921 |Geomorphology Backwater Depth Backwater Areas 50% of area2 -3 m
1922 |Geomorphology Connectivity Floodplain
1923 |Pattern of Habitats Aquatic Areas Main Channel
Increase emergent and
1924 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase emergent and
1925 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
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Table C25. Site-specific UMR-IWW Environmental Objectives (Pool 25, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range Season  Frequency Target Date Comments
1926 |Pattern of Habitats Terrestrial Areas |Island 2010 Main channel island creation
1927 \Water Quality Water Clarity Main Channel
1928 ‘Water Quality Water Clarity Backwater Areas
1929 Water Quality Water Clarity Backwater Areas
1930 \Geomorphology Backwater Depth Backwater Areas Deepen backwater areas
1931 |Geomorphology Backwater Depth |Backwater Areas
Increase emergent and
1932 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase emergent and
1933 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics

Encourage wetland
management of backwater

1934 |Pattern of Habitats Land Cover/Use Emergent Aquatics areas
1935 |Water Quality Water Clarity Backwater Areas
1936 |Geomorphology Backwater Depth Backwater Areas Implement Batchtown HREP
1937 |Water Quality Water Clarity Backwater Areas
Increase emergent and
1938 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1939 \Geomorphology Backwater Depth Backwater Areas 50% of area 2 -3 m
1940 \Geomorphology Connectivity Secondary Channel
1941 |Pattern of Habitats Aquatic Areas Secondary Channel Notch closing structure
Increase emergent and
1942 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1943 'Water Quality Water Clarity Backwater Areas
1944 |Geomorphology Backwater Depth Backwater Areas
Increase emergent and
1945 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1946 ‘Water Quality Water Clarity Backwater Areas
1947 Pattern of Habitats Land Cover/Use Forest Maintain hardwood forest
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Table C25. Site-specific UMR-IWW Environmental Objectives (Pool 25, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range Season | Frequency Targ_jet Date Comments
1948 |Pattern of Habitats Aquatic Areas Secondary Channel Implement Batchtown HREP
1949 \Geomorphology Backwater Depth Backwater Areas 50% of area 2 -3 m
Increase emergent and
1950 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1951 |Water Quality Water Clarity Backwater Areas
Reconnect island backwater
1952 |Geomorphology Connectivity Other areas
1953 |Geomorphology Backwater Depth Backwater Areas Implement Batchtown HREP
Increase emergent and
1954 | Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1955 |Pattern of Habitats Aquatic Areas Contiguous Backwater See Batchtown HREP
Restore flow, See Sandy
1956 |Geomorphology Connectivity Secondary Channel Chute HREP
Restore secondary channel
depth, See Sandy Chute
1957 |Geomorphology Backwater Depth Backwater Areas HREP
Maintain flow at existing
1958 | Geomorphology Other levels, See Batchtown HREP
1959 |Pattern of Habitats Aquatic Areas Secondary Channel See Sandy Chute HREP
Delta, implement Batchtown
1960 Pattern of Habitats Terrestrial Areas Other HREP

UMR-IWW System Navigation Feasibility Study
Environmental Objectives Planning Workshops
DRAFT REPORT

C-103




Table C26. Site-specific UMR-IWW Environmental Objectives (Pool 26).

Ilcon Ecosystem Element Parameter Extent Target Range | Season Frequency | Target Date Comments
1961 |Geomorphology Connectivity Other ) Reconnect backwater area
100% chance of
1962 \Geomorphology Connectivity Longitudinal fish passage
1963 |Water Quality Water Clarity Backwater Areas
1964 \Geomorphology Backwater Depth |Backwater Areas
Increase emergent and
1965 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1966 (Geomorphology Backwater Depth 'Backwater Areas Restore side channel depth
1967 \Geomorphology Connectivity Secondary Channel
Increase emergent and
1968 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1969 |Geomorphology Backwater Depth 'Backwater Areas
1970 |Pattern of Habitats Terrestrial Areas |Island
Increase emergent and
1971 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1972 |Water Quality Water Clarity Backwater Areas
1973 \Water Quality Water Clarity Backwater Areas
1974 |Geomorphology Backwater Depth 'Backwater Areas
1975 |Pattern of Habitats Aquatic Areas Secondary Channel
1976 |Geomorphology Backwater Depth 'Backwater Areas
1977 \Water Quality Water Clarity Backwater Areas
Increase emergent and
1978 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1979 |Geomorphology Backwater Depth 'Backwater Areas
1980 |Pattern of Habitats Aquatic Areas Secondary Channel
1981 |Water Quality Water Clarity Backwater Areas
1982 |Pattern of Habitats Terrestrial Areas Other Create sandbar habitat
Increase emergent and
1983 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Reduce sedimentation from Plasa
1984 |Geomorphology Other Creek
1985 |Pattern of Habitats Aquatic Areas Secondary Channel
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Table C26. Site-specific UMR-IWW Environmental Objectives (Pool 26, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range | Season Frequency | Target Date Comments
3 Increase emergent and
1986 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1987 \Water Quality Water Clarity Backwater Areas
1988 |Geomorphology Backwater Depth 'Backwater Areas
1989 Water Quality Water Clarity Backwater Areas
1990 |Geomorphology Backwater Depth 'Backwater Areas
Increase emergent and
1991 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1992 Water Quality Water Clarity Backwater Areas
1993 |Pattern of Habitats Aquatic Areas Secondary Channel
1994 \Water Quality Water Clarity Backwater Areas
1995 |Geomorphology Backwater Depth 'Backwater Areas
1996 \Geomorphology Backwater Depth |Backwater Areas
Increase emergent and
1997 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase emergent and
1998 |Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
1999 |Geomorphology Connectivity Floodplain
Restore floodplain forest and
2000 Pattern of Habitats Land Cover/Use Forest meadow
2001 Water Quality Water Clarity Backwater Areas
Restore Cuiver River to old
2002 |Geomorphology Other channel
2003 |Geomorphology Backwater Depth 'Backwater Areas
Increase emergent and
2004 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase emergent and
2005 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
2006 Pattern of Habitats Aquatic Areas Secondary Channel
2007 |Geomorphology Backwater Depth 'Backwater Areas
2008 Water Quality Water Clarity Backwater Areas
2009 Water Quality Water Clarity Backwater Areas
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Table C26. Site-specific UMR-IWW Environmental Objectives (Pool 26, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range | Season  Frequency Targ_jet Date Comments
2010 Geomorphology Backwater Depth |Backwater Areas
Increase emergent and
2011 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Increase emergent and
2012 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Restore floodplain forest and
2013 |Pattern of Habitats Land Cover/Use Forest meadow
2014 |Geomorphology Backwater Depth 'Backwater Areas
2016 Water Quality Water Clarity Backwater Areas
2017 Water Quality Water Clarity Backwater Areas
2018 Geomorphology Backwater Depth |Backwater Areas
Increase emergent and
2019 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
2020 Pattern of Habitats Aquatic Areas Secondary Channel
2024 Water Quality Water Clarity Backwater Areas
2025 |Geomorphology Backwater Depth 'Backwater Areas
2026 Water Quality Water Clarity Backwater Areas
Increase emergent and
2027 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
2030 |Geomorphology Backwater Depth 'Backwater Areas
Increase emergent and
2031 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Restore deep water over wintering
2032 Geomorphology Other habitat in main channel border
2033 |Pattern of Habitats Aquatic Areas Secondary Channel
2034 Geomorphology Backwater Depth Other
Control sediment contribution
2038 Geomorphology Other from Dardenne Creek
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Table C27. Site-specific UMR-IWW Environmental Objectives (Dam?26 to Kaskaskia River).

Ilcon Ecosystem Element Parameter Extent Target Range ' Season Frequency Target Date Comments
100% chance of ]
2015 Geomorphology Connectivity Longitudinal fish passage
2021 Water Quality Water Clarity Backwater Areas
2022 |Geomorphology Backwater Depth 'Backwater Areas
Increase emergent and
2023 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
2028 |Pattern of Habitats Land Cover/Use Forest Reforestation
2029 Pattern of Habitats Aquatic Areas Secondary Channel
2035 Pattern of Habitats Aquatic Areas Secondary Channel Hard points
2036 |Geomorphology Connectivity Floodplain
2037 |Pattern of Habitats Land Cover/Use Emergent Aquatics
2039 Geomorphology Connectivity Floodplain Levee setback
2040 Pattern of Habitats Aquatic Areas Secondary Channel Hard points
2041 |Pattern of Habitats Aquatic Areas Secondary Channel
2042 Pattern of Habitats Terrestrial Areas |Island Island Protection
2043 Geomorphology Connectivity Floodplain Levee setback
Protect the natural habitat from
2044 Pattern of Habitats Other development pressure
2045 |Pattern of Habitats Other Protect the natural habitat
2046 Pattern of Habitats Terrestrial Areas |Island Island Protection
2047 Pattern of Habitats Aquatic Areas Secondary Channel
2048 Pattern of Habitats Land Cover/Use Forest Reforestation
2049 Pattern of Habitats Terrestrial Areas |Contiguous Floodplain Ridge swale
2050 Pattern of Habitats Land Cover/Use Forest
Monitor air quality in fleeting
2051 Other Other areas
2052 |Pattern of Habitats Terrestrial Areas |Island
2053 |Pattern of Habitats Aquatic Areas Secondary Channel
2054 |Pattern of Habitats Aquatic Areas Main Channel
2055 |Pattern of Habitats Aquatic Areas Secondary Channel
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Table C27. Site-specific UMR-IWW Environmental Objectives (Dam26 to Kaskaskia River, cont.).

Icon  Ecosystem Element Parameter Extent Target Range | Season Frequency Target Date Comments
Restore and maintain
secondary channel habitat, RM
166-168 (see Stone Dike
2056 Pattern of Habitats Aquatic Areas Secondary Channel Alteration Study, Cliff Reach)
2057 Pattern of Habitats Aquatic Areas Secondary Channel Hard points
2058 Pattern of Habitats Terrestrial Areas |Contiguous Floodplain Ridge swale
2059 Pattern of Habitats Land Cover/Use Forest
Dike modification to improve
aquatic habitat, RM 163.5-168
(see Stone Dike Alteration
2060 | Pattern of Habitats Aquatic Areas Main Channel Study, Cliff Cave Reach)
2061 Geomorphology Connectivity Floodplain Reconnect Blew Hole
Restore and maintain
secondary channel habitat, RM
161-162 (see Stone Dike
Alteration Study, Kimmswick
2062 Pattern of Habitats Aquatic Areas Secondary Channel Reach)
2063 |Geomorphology Connectivity Secondary Channel
Dike modification to improve
aquatic habitat, RM 156.5-163
(see Stone Dike Alteration
2064 Pattern of Habitats Aquatic Areas Main Channel Study, Kimmswick Reach)
2065 Pattern of Habitats Aquatic Areas Main Channel
Isolated wetland restoration,
2066 Pattern of Habitats Land Cover/Use Emergent Aquatics RM 150-165
2067 |Geomorphology Connectivity Floodplain
2068 Pattern of Habitats Aquatic Areas Main Channel
Restore and maintain
secondary channel habitat, RM
150-155 (see Stone Dike
Alteration Study, Herculaneum
2069 Pattern of Habitats ~ Aquatic Areas Secondary Channel Reach)
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Table C27. Site-specific UMR-IWW Environmental Objectives (Dam26 to Kaskaskia River, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range ' Season Frequency Target Date Comments
3 Dike modification to improve
aquatic habitat, RM 150-155
(see Stone Dike Alteration
2070 Pattern of Habitats Aquatic Areas Main Channel Study, Herculaneum Reach)
2071 |Pattern of Habitats Aquatic Areas Main Channel
2072 Pattern of Habitats Aquatic Areas Secondary Channel Hard points
2073 |Pattern of Habitats Terrestrial Areas |Contiguous Floodplain Ridge swale
2074 |Pattern of Habitats Aquatic Areas Secondary Channel
2075 |Pattern of Habitats Land Cover/Use Forest
Restore and maintain
secondary channel habitat, RM
147 (see Stone Dike Alteration
2076 Pattern of Habitats Aquatic Areas Secondary Channel Study, Calico/Osborne Reach)
2077 |Pattern of Habitats Land Cover/Use Other Sand bar
Restore and maintain
secondary channel habitat, RM
144-146 (see Stone Dike
Alteration Study,
2078 Pattern of Habitats Aquatic Areas Secondary Channel Calico/Osborne Reach)
2079 Pattern of Habitats Aquatic Areas Secondary Channel Hard points
2080 Pattern of Habitats Land Cover/Use Emergent Aquatics
2081 |Pattern of Habitats Terrestrial Areas |Contiguous Floodplain Ridge swale
Dike modification to improve
aquatic habitat, RM 143-148
(see Stone Dike Alteration
2082 |Pattern of Habitats Aquatic Areas Main Channel Study, Calico/Osborne Reach)
2083 Pattern of Habitats Land Cover/Use Other Sand bar
2084 Pattern of Habitats Aquatic Areas Main Channel
Restore bottomland hardwood
forest, increase hard mast
2085 |Pattern of Habitats Land Cover/Use Forest production
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Table C27. Site-specific UMR-IWW Environmental Objectives (Dam26 to Kaskaskia River, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range ' Season  Frequency Targ_jet Date Comments

2086 Pattern of Habitats Aquatic Areas Secondary Channel

2087 |Geomorphology Connectivity Secondary Channel
Restore and enhance additional

2088 Other Other property-Kidd Lake
Restore and maintain
secondary channel habitat, RM
137-139 (see Stone Dike
Alteration Study, Salt Lake

2089 | Pattern of Habitats Aquatic Areas Secondary Channel Reach)

2090 Pattern of Habitats Aquatic Areas Secondary Channel Hard points
Dike modification to improve
aquatic habitat, RM 135-142
(see Stone Dike Alteration

2091 Pattern of Habitats Aquatic Areas Main Channel Study, Salt Lake Reach)

2092 Pattern of Habitats Terrestrial Areas |Contiguous Floodplain Ridge swale

2093 |Pattern of Habitats Land Cover/Use Emergent Aquatics

2094 | Pattern of Habitats Land Cover/Use Other Sand bar

2095 | Geomorphology Connectivity Secondary Channel
Restore and maintain
secondary channel habitat, RM
131-133 (see Stone Dike
Alteration Study, Fort Chartres

2096 | Pattern of Habitats Aquatic Areas Secondary Channel Reach)

2097  Pattern of Habitats Land Cover/Use Emergent Aquatics
Restore and maintain
secondary channel habitat, RM
130-132 (see Stone Dike
Alteration Study, Fort Chartres

2098 | Pattern of Habitats Aquatic Areas Secondary Channel Reach)

2099 Pattern of Habitats Land Cover/Use Forest

2100 Pattern of Habitats Aquatic Areas Secondary Channel Hard points

2101 |Geomorphology Connectivity Secondary Channel
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Table C27. Site-specific UMR-IWW Environmental Objectives (Dam26 to Kaskaskia River, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range | Season | Frequency | Target Date Comments
3 Reestablish right RDB sandbar
2102 Pattern of Habitats Terrestrial Areas |Other area, RM 130-131
Dike modification to improve
aquatic habitat, RM 128-133
(see Stone Dike Alteration
2103 Pattern of Habitats Aquatic Areas Main Channel Study, Fort Chartres Reach)
2104 |Pattern of Habitats Terrestrial Areas |Contiguous Floodplain Ridge swale
2105 Pattern of Habitats Land Cover/Use |Other Sand bar
2106 |Geomorphology Connectivity Secondary Channel
Wetland restoration, RM 126-
2107 |Pattern of Habitats Land Cover/Use Emergent Aquatics 130
Restore and maintain
secondary channel habitat, RM
120-123 (see Stone Dike
Alteration Study, St. Genevieve
2108 Pattern of Habitats  Aquatic Areas  Secondary Channel Reach)
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Table C28. site_snecific UMR-IWW Environmental Ohiectives (Kagkaskj a River to Grand Tower)

Icon Ecosystem Elemen Paramete Extent Target Range| Season Frequency Target Date Comments
2109 Pattern of Habitats Land Cover/Use Emergent Aquatics
2110 Pattern of Habitats Land Cover/Use Forest
2111 |Pattern of Habitats Terrestrial Areas |Contiguous Floodplain Ridge swale
Restore and maintain secondary
channel habitat, RM 116-118
(see Stone Dike Alteration Study,
2112 |Pattern of Habitats Aquatic Areas Secondary Channel Kasky Reach)
2113 |Pattern of Habitats Aquatic Areas Main Channel
2114 Pattern of Habitats Land Cover/Use |Emergent Aquatics Restore wetlands, RM 111-122
2115 Geomorphology Connectivity Floodplain Levee setback, land buyout
Restore bottomland hardwood
2116 Pattern of Habitats Land Cover/Use Forest forest
2117 |Geomorphology Connectivity Secondary Channel
2118 Geomorphology Connectivity Floodplain Levee setback
Restore and maintain secondary
channel habitat, RM 104 (see
Stone Dike Alteration Study, Mile
2119 Pattern of Habitats Aquatic Areas Secondary Channel 100 Islands Reach)
2120 Pattern of Habitats Aquatic Areas Secondary Channel Hard points
2121 Geomorphology Connectivity Floodplain Levee setback, RM 104-107
2122 Pattern of Habitats Land Cover/Use |Emergent Aquatics Restore wetland habitat, Crain
2123 Pattern of Habitats Aquatic Areas Secondary Channel Hard points
Restore and maintain secondary
channel habitat, RM 99-103 (see
Stone Dike Alteration Study, Mile
2124 Pattern of Habitats Aquatic Areas Secondary Channel 100 Islands Reach)
2125 Geomorphology Connectivity Secondary Channel Recreate secondary channel
2126 Pattern of Habitats Land Cover/Use Other Sand bar
Restore and maintain secondary
channel habitat, RM 99 (see
Stone Dike Alteration Study, Mile
2127 Pattern of Habitats ~ Aquatic Areas  Secondary Channel 100 Islands Reach)
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Table C28. Site-specific UMR-IWW Environmental Objectives (Kaskaskia River to Grand Tower, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range | Season Frequency | Target Date Comments
2128 |Pattern of Habitats Aquatic Areas Main Channel )
2129 Pattern of Habitats Land Cover/Use Emergent Aquatics Restore wetland habitat
2130 |Geomorphology Connectivity Floodplain Levee setback
Restore and maintain secondary
channel habitat, RM 95-97 (see
Stone Dike Alteration Study, Mile
2131 Pattern of Habitats Aquatic Areas Secondary Channel 100 Islands Reach)
2132 Pattern of Habitats Aquatic Areas Secondary Channel Hard points
Restore bottomland hardwood
2133 Pattern of Habitats Land Cover/Use Forest forest
Sandbar isolation for bird
2134 Pattern of Habitats Terrestrial Areas Other habitat
2135 Water Quality Water Clarity Backwater Areas
2136 |Geomorphology Backwater Depth 'Backwater Areas
Increase emergent and
2137 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
Dike modification to improve
aquatic habitat, RM 89-93 (see
Stone Dike Alteration Study, Red
2138 Pattern of Habitats Aquatic Areas Main Channel Rock to Tower Rock Reach)
Encourage backwater habitat
2139 |Plants and Animals Fish Other formation
2140 Pattern of Habitats Aquatic Areas Main Channel
Dike modification to improve
aquatic habitat, RM 85-89 (see
Stone Dike Alteration Study, Red
2141 |Pattern of Habitats Aquatic Areas Main Channel Rock to Tower Rock Reach)
Create islands & secondary
2142 Pattern of Habitats Aquatic Areas Secondary Channel channels RM 94-74
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Table C28. Site-specific UMR-IWW Environmental Objectives (Kaskaskia River to Grand Tower, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range | Season Frequency | Target Date Comments
3 Raise the level of island for bird
2143 Pattern of Habitats Terrestrial Areas |Island habitat
Restore and maintain main
channel habitat, RM 81-82 (see
Stone Dike Alteration Study, Red
2144 Pattern of Habitats Aquatic Areas Main Channel Rock to Tower Rock Reach)
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Table C29. Site-specific UMR-IWW Environmental Objectives (Grand Tower to Ohio River).

Ilcon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
Remove trees from Cottonwood
2145 |Pattern of Habitats Land Cover/Use Forest Island
2146 Geomorphology Connectivity Secondary Channel Maintain side channel
Restore and maintain secondary
channel habitat, RM 77-78 (see
Stone Dike Alteration Study, Big
2147 Pattern of Habitats Aquatic Areas Secondary Channel Muddy Reach)
Reconnect side channel during
2148 Geomorphology Connectivity Secondary Channel low flows
Reconnect to the Big Muddy
2149 Geomorphology Connectivity Floodplain River
Dike modification to improve
aquatic habitat, RM 71-78 (see
Stone Dike Alteration Study, Big
2150 |Pattern of Habitats Aquatic Areas Main Channel Muddy Reach)
2151 |Pattern of Habitats Aquatic Areas Main Channel
Restore and maintain secondary
channel habitat, RM 72-73 (see
Stone Dike Alteration Study, Big
2152 Pattern of Habitats Aquatic Areas Secondary Channel Muddy Reach)
2153 Pattern of Habitats Terrestrial Areas |Island
Restore and maintain secondary
channel habitat, RM 67-68 (see
Stone Dike Alteration Study, Trail
2154 Pattern of Habitats Aquatic Areas Secondary Channel of Tears Reach)
Dike modification to improve
aquatic habitat, RM 65-70 (see
Stone Dike Alteration Study, Trail
2155 Pattern of Habitats Aquatic Areas Main Channel of Tears Reach)
2156 Water Quality Water Clarity Backwater Areas
2157 |Geomorphology Backwater Depth Backwater Areas
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Table C29. Site-specific UMR-IWW Environmental Objectives (Grand Tower to Ohio River, cont.).

Icon

Ecosystem Element

Parameter

Extent

Target Range

Season

Frequency

Target Date

Comments

2158

Pattern of Habitats

Land Cover/Use

Emergent Aquatics

Increase emergent and
submersed aquatics

2159

Pattern of Habitats

Aquatic Areas

Main Channel

2160

Pattern of Habitats

Aquatic Areas

Secondary Channel

Restore and maintain secondary
channel habitat, RM 57-62 (see
Stone Dike Alteration Study,
Schenimann/Picayune Reach)

2161

Pattern of Habitats

Aquatic Areas

Main Channel

Dike modification to improve
aquatic habitat, RM 57-62.5 (see
Stone Dike Alteration Study,
Schenimann/Picayune Reach)

2162

Geomorphology

Backwater Depth

Backwater Areas

Restore deep water over
wintering habitat, RM 57-62.5

2163

Geomorphology

Connectivity

Secondary Channel

2164

Pattern of Habitats

Aquatic Areas

Main Channel

Dike modification to improve
aquatic habitat, RM 55.8-56.5
(see Stone Dike Alteration Study,
Schenimann/Picayune Reach)

2165

Pattern of Habitats

Aquatic Areas

Secondary Channel

Restore and maintain secondary
channel habitat, RM 55-60 (see
Stone Dike Alteration Study,
Schenimann/Picayune Reach)

2166

Pattern of Habitats

Aquatic Areas

Main Channel

Dike modification to improve
aquatic habitat, RM 46-53 (see
Stone Dike Alteration Study,
Cape Reach)

2167

Pattern of Habitats

Aquatic Areas

Secondary Channel

Remove rock dikes at upper end
of chute
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Table C29. Site-specific UMR-IWW Environmental Objectives (Grand Tower to Ohio River, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
Restore and maintain secondary
channel habitat, RM 48-50 (see
Stone Dike Alteration Study,

2168 Pattern of Habitats Aquatic Areas Secondary Channel Cape Reach)

2169 Pattern of Habitats Other Maintain existing gravel substrate
Dike modification to improve
aquatic habitat, RM 40-45 (see
Stone Dike Alteration Study,

2170 |Pattern of Habitats Aquatic Areas Main Channel Thebes Reach)

2171 Water Quality Water Clarity Backwater Areas
Isolate developing islands, RM 40

2172 Pattern of Habitats Terrestrial Areas |Island 42

2173 |Pattern of Habitats Aquatic Areas Main Channel
Increase emergent and

2174 Pattern of Habitats Land Cover/Use |Emergent Aquatics submersed aquatics
Restore and maintain secondary
channel habitat, RM 41 (see
Stone Dike Alteration Study,

2175 |Pattern of Habitats Aquatic Areas Secondary Channel Thebes Reach)

2176 |Geomorphology Connectivity Secondary Channel
Restore and maintain secondary
channel habitat, RM 35-39 (see
Stone Dike Alteration Study,

2177 |Pattern of Habitats Aquatic Areas Secondary Channel Thebes Reach)

Dike modification to improve
aquatic habitat, RM 35-40 (see
Stone Dike Alteration Study,
2178 |Pattern of Habitats Aquatic Areas Main Channel Thebes Reach)
2179 Water Quality Water Clarity Backwater Areas
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Table C29. Site-specific UMR-IWW Environmental Objectives (Grand Tower to Ohio River, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
Restore deep water habitat at
2180 Geomorphology Backwater Depth 'Backwater Areas lower end, remain isolated habitat
Increase emergent and
2181 Pattern of Habitats Land Cover/Use Emergent Aquatics submersed aquatics
2182 |Geomorphology Connectivity Secondary Channel
2183 |Pattern of Habitats Aquatic Areas Secondary Channel
2184 |Pattern of Habitats Aquatic Areas Main Channel
Reestablish wetland complex with
2185 Pattern of Habitats Land Cover/Use |Emergent Aquatics river connection
Restore and maintain secondary
channel habitat, RM 33 (see
Stone Dike Alteration Study,
2186 Pattern of Habitats Aquatic Areas Secondary Channel Prices Reach)
2187 Pattern of Habitats Aquatic Areas Secondary Channel Hard points
2188 |Pattern of Habitats Land Cover/Use Emergent Aquatics
Restore and maintain secondary
channel habitat, RM 12-13 (see
Stone Dike Alteration Study,
2189 Pattern of Habitats Aquatic Areas Secondary Channel Thompson Reach)
Dike modification to improve
aquatic habitat, RM 12-19 (see
Stone Dike Alteration Study,
2190 Pattern of Habitats Aquatic Areas Main Channel Thompson Reach)
2191 Pattern of Habitats Land Cover/Use Other Sand bar
Reestablish connection with
2192 Geomorphology Connectivity Secondary Channel Sister Chute
Open bottom end of chute and
2193 Geomorphology Connectivity Secondary Channel deepen for over wintering habitat
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Table C29. Site-specific UMR-IWW Environmental Objectives (Grand Tower to Ohio River, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
Dike modification to improve
aquatic habitat, RM 29-34 (see
Stone Dike Alteration Study,
2194 Pattern of Habitats Aquatic Areas Main Channel Prices Reach)
2195 |Pattern of Habitats Aquatic Areas Secondary Channel
Sandbar on inside of the bend,
2196 Pattern of Habitats Terrestrial Areas Other bird habitat
Restore and maintain secondary
channel habitat, RM 16-18 (see
Stone Dike Alteration Study,
2197 Pattern of Habitats Aquatic Areas Secondary Channel Thompson Reach)
Restore and maintain secondary
channel habitat, RM 8-10 (see
Stone Dike Alteration Study,
2198 Pattern of Habitats Aquatic Areas Secondary Channel Cairo Reach)
2199 Pattern of Habitats Aquatic Areas Secondary Channel Increase diversity
2200 Pattern of Habitats Aquatic Areas Secondary Channel Hard points
Restore and maintain secondary
channel habitat, RM 29-31 (see
Stone Dike Alteration Study,
2201 Pattern of Habitats Aquatic Areas Secondary Channel Prices Reach)
2202 Pattern of Habitats Land Cover/Use Emergent Aquatics
2203 |Pattern of Habitats Land Cover/Use Other Strip island of all habitat
2204 |Pattern of Habitats Aquatic Areas Main Channel
2205 |Pattern of Habitats Land Cover/Use Other Sand bar
2206 Pattern of Habitats Land Cover/Use Other Sand bar
Dike modification to improve
aquatic habitat, RM 5-11 (see
Stone Dike Alteration Study,
2207 Pattern of Habitats ~ Aquatic Areas Main Channel Cairo Reach)
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Table C29. Site-specific UMR-IWW Environmental Objectives (Grand Tower to Ohio River, cont.).

Ilcon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
Dike modification to improve
aquatic habitat, RM 24-28 (see
Stone Dike Alteration Study,
2208 Pattern of Habitats Aquatic Areas Main Channel Dogtooth Reach)
Restore connectivity during high
2209 |Geomorphology Connectivity Secondary Channel flows
Dike modification to improve
aquatic habitat, RM 20-24 (see
Stone Dike Alteration Study,
2210 |Pattern of Habitats Aquatic Areas Main Channel Dogtooth Reach)
2211 |Pattern of Habitats Land Cover/Use Emergent Aquatics
2212 Pattern of Habitats Aquatic Areas Secondary Channel Hard points
2213 Pattern of Habitats Land Cover/Use Other Sand bar
2214 Pattern of Habitats Aquatic Areas Secondary Channel Hard points
Restore and maintain secondary
channel habitat, RM 22-24 (see
Stone Dike Alteration Study,
2215 |Pattern of Habitats Aquatic Areas Secondary Channel Dogtooth Reach)
2216 Pattern of Habitats Terrestrial Areas |Contiguous Floodplain Ridge swale
Restore and maintain secondary
channel habitat, RM 25 (see
Stone Dike Alteration Study,
2217 Pattern of Habitats Aquatic Areas Secondary Channel Dogtooth Reach)
Open up lower end of Browns
2218 Geomorphology Connectivity Secondary Channel Chute
2219 |Pattern of Habitats Land Cover/Use Forest
Reopen lower end of Buffalo
2220 Geomorphology Connectivity Secondary Channel Island Chute
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Table C29. Site-specific UMR-IWW Environmental Objectives (Grand Tower to Ohio River, cont.).

Icon = Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
Restore and maintain secondary
channel habitat, RM 2-5 (see
Stone Dike Alteration Study,
2221 |Pattern of Habitats Aquatic Areas Secondary Channel Cairo Reach)
Reestablish tertiary channels, RM
2222 Geomorphology Connectivity Other 2-5, Angelo Chute
2223 Pattern of Habitats Aquatic Areas Secondary Channel Hard points
Reestablish and maintain gravel
2224 Pattern of Habitats Terrestrial Areas Other bars
Dike modification to improve
aquatic habitat, RM 0-5 (see
Stone Dike Alteration Study,
2225 Pattern of Habitats ~ Aquatic Areas Main Channel Cairo Reach)
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Table C30. Site-specific UMR-IWW Environmental Objectives (Lockport).

Icon Ecosystem Element | Parameter Extent Target Range | Season Frequency | Target Date Comments
1|Plants and Animals Fish Exotic Fish Species Electronic barrier, or better
Fish barrier to reduce entrainment in
2 Plants and Animals Fish Other hydroplant
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Table C31. Site-specific UMR-IWW Environmental Objectives (Brandon Road).

Icon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
) ] RM 290-291, Maintain aquatic and
3 Pattern of Habitats Aquatic Areas Secondary Channel terrestrial habitat
4 |Pattern of Habitats Other Maintain existing habitats
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Table C32. Site-specific UMR-IWW Environmental Objectives (Dresden).

lcon Ecosystem Element Parameter Extent Target Range Season Frequency Target Date Comments
5 Other Other Remove sunken barges and cable
6 Pattern of Habitats Aquatic Areas Secondary Channel Improve habitat quality
Removal of contaminated sediments
and restore and protect side channell
7 | Other Other habitats
Increased emergent and submersed
8 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)
Improve water quality to general use
9 Water Quality Other level from RM 278 to Lake Michigan
10 Geomorphology Backwater Depth 'Backwater Areas
11 Water Quality Water Clarity Backwater Areas See pool-wide objectives
12 | Geomorphology Connectivity Secondary Channel >80% of year All Year Reconnect side channel
Improve aquatic habitat and depth
13 | Pattern of Habitats ~ Aquatic Areas Secondary Channel diversity
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Table C33. Site-specific UMR-IWW Environmental Objectives (Marseilles).

lcon| Ecosystem Element Parameter Extent Target Range | Season  Frequency | Target Date Comments
100% chance of Exotic concerns and native concerns
14 |Geomorphology Connectivity Longitudinal fish passage (Kankakee River)
Maintain and restore secondary
15 |Pattern of Habitats Aquatic Areas Secondary Channel channel depth habitat
16 Plants and Animals Other Maintain Habitat
Maintain and protect aquatic and
17 |Pattern of Habitats Terrestrial Areas Other terrestrial delta area
Delta, reduce sediment input and
18 | Pattern of Habitats Terrestrial Areas Other delta formation
Increase emergent and submersed
19 | Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)
20 Geomorphology Backwater Depth 'Backwater Areas
21 Water Quality Water Clarity Backwater Areas See pool-wide objectives
22 Water Quality Water Clarity Backwater Areas See pool-wide objectives
Protect and maintain aquatic and
23 Pattern of Habitats Aquatic Areas Secondary Channel terrestrial habitats
Increase emergent and submersed
24 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)
Increase emergent and submersed
25 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)
26 Geomorphology Connectivity Secondary Channel Reconnect side channel
27 Geomorphology Backwater Depth 'Backwater Areas
31 Water Quality Water Clarity Backwater Areas See pool-wide objectives
38 Geomorphology Backwater Depth 'Backwater Areas
41 |Pattern of Habitats Land Cover/Use Emergent Aquatics Restore and maintain wetland habitat
46 ' Geomorphology Backwater Depth Backwater Areas
47 |Water Quality Water Clarity Backwater Areas See pool-wide objectives
Increased emergent and submersed
50 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)
Protect and maintain island, Johnson
52 |Pattern of Habitats Terrestrial Areas Island Island
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Table C34. Site-specific UMR-IWW Environmental Objectives (Starved Rock).

Icon Ecosystem Element Parameter Extent Target Range | Season  Frequency | Target Date Comments

Delta, reduce sediment input and
28 Pattern of Habitats Terrestrial Areas Other delta formation

Increase emergent and submersed
29 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)
30 Pattern of Habitats Aquatic Areas Secondary Channel
32 Water Quality Water Clarity Backwater Areas See pool-wide objectives
33 Geomorphology Backwater Depth 'Backwater Areas

Increase emergent and submersed
34 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)

Protect and maintain main and
35 Pattern of Habitats Aquatic Areas Secondary Channel secondary channel habitat
36 Geomorphology Backwater Depth Backwater Areas Other 25% of area >=2m
37 Water Quality Other Riffle helps improve water quality
39 Water Quality Water Clarity Backwater Areas See pool-wide objectives

100% chance of

40 Geomorphology Connectivity Longitudinal fish passage All Fish passage at the tail raceway

Increase emergent and submersed
42 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)
43 ' Geomorphology Backwater Depth 'Backwater Areas

Restore wetlands from RM231-235
45 |Pattern of Habitats Land Cover/Use Emergent Aquatics between RR tracks DeeBennet Rd
49 Water Quality Water Clarity Backwater Areas See pool-wide objectives

Protect area, north bank RM 231.5-
55 |Other Other 232.7

Remove exotic species (i.e. purple
58 Plants and Animals  |Other loosestrife), RM 231-235

Delta, reduce sediment input and
59 |Pattern of Habitats Terrestrial Areas Other delta formation
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Table C34. Site-specific UMR-IWW Environmental Objectives (Starved Rock, cont.).
Icon Ecosystem Element Parameter Extent Target Range | Season  Frequency | Target Date Comments

Reduce erosion to sensitive areas,
RM 231-233, build islands, control
recreational boat access on south

62 Pattern of Habitats Aquatic Areas Impounded Area side of this reach
Remove contaminated sediments

from RM 232-235

63 Other Other
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Table C35. Site-specific UMR-IWW Environmental Objectives (Peoria).

lcon Ecosystem Element Parameter Extent Target Range | Season  Frequency | Target Date Comments
Protect aquatic habitats on the
44 | Pattern of Habitats Aquatic Areas Other island
48 Pattern of Habitats Terrestrial Areas |Island Protect the island from erosion
Protect and maintain habitat on
51 |Plants and Animals Birds Other Plum and Leopold Islands
53 Pattern of Habitats Aquatic Areas Secondary Channel Increase depth
Delta, reduce sediment input and
54 |Pattern of Habitats Terrestrial Areas Other delta formation
100% chance of
56 Geomorphology Connectivity Longitudinal fish passage
57 Other Other Abandoned barge removal
60 Geomorphology Backwater Depth 'Backwater Areas
Protect and enhance aquatic and
terrestrial habitats, contaminant
61 Pattern of Habitats Aquatic Areas Isolated Backwater clean up
64 Plants and Animals Plants Other Protect and maintain habitat
Increase emergent and
submersed aquatics (see pool-
65 |Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)
66 Water Quality Water Clarity Backwater Areas See pool-wide objectives
Delta, reduce sediment input and
67 |Pattern of Habitats Terrestrial Areas Other delta formation
Scours out during high water
events, fills in periodically,
68 Geomorphology Connectivity Secondary Channel requires more monitoring
WRP land, consider for restoration
69 Other Other feasibility
Increase emergent and
submersed aquatics (see pool-
70 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)
71 Other Other Contaminated sediment removal
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Table C35. Site-specific UMR-IWW Environmental Objectives (Peoria, cont.).

Icon | Ecosystem Element Parameter Extent Target Range | Season  Frequency Target Date Comments
Increased emergent and
submersed aquatics (see pool-

72 |Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)
Increase emergent and
submersed aquatics (see pool-

73 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

74 Geomorphology Backwater Depth Backwater Areas

75 |Geomorphology Backwater Depth 'Backwater Areas

76 Water Quality Water Clarity Backwater Areas See pool-wide objectives
HTRW site, Contaminated

77 Other Other sediment clean up

78 Geomorphology Backwater Depth 'Backwater Areas See pool-wide objectives

79 Water Quality Water Clarity Backwater Areas See pool-wide objectives

80 Water Quality Water Clarity Backwater Areas See pool-wide objectives
Protect and enhance habitat (i.e.,

81 Plants and Animals Other birds)

82 Geomorphology Backwater Depth Backwater Areas See pool-wide objectives

83 'Water Quality Water Clarity Backwater Areas See pool-wide objectives
Increase emergent and
submersed aquatics (see pool-

84 |Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)
Increased emergent and
submersed aquatics (see pool-

85 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

86 'Water Quality Water Clarity Backwater Areas See pool-wide objectives

87 | Geomorphology Backwater Depth 'Backwater Areas
Investigate for restoration

88 Other Other opportunities

89 Other Other Protect and enhance habitat

90 'Geomorphology Backwater Depth Backwater Areas
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Table C35. Site-specific UMR-IWW Environmental Objectives (Peoria, cont.).

lcon Ecosystem Element Parameter Extent Target Range | Season  Frequency | Target Date Comments
Increased emergent and
submersed aquatics (see pool-
91 |Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)
92 Water Quality Water Clarity Backwater Areas See pool-wide objectives
93 Other Other Protect and enhance habitat
Maintain levee to maintain water
level management until value of
94 Geomorphology Other connectivity can be assessed
Delta, reduce sediment input and
95 Pattern of Habitats Terrestrial Areas Other delta formation
Delta, reduce sediment input and
96 Pattern of Habitats Terrestrial Areas Other delta formation
97 Water Quality Water Clarity Backwater Areas See pool-wide objectives
98 Geomorphology Backwater Depth 'Backwater Areas
Increase emergent and
submersed aquatics (see pool-
99 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)
Delta, reduce sediment input and
100 Pattern of Habitats Terrestrial Areas Other delta formation
101 Geomorphology Connectivity Other Disconnect cut
102 Geomorphology Backwater Depth |Backwater Areas
103 Water Quality Water Clarity Backwater Areas See pool-wide objectives
Increased emergent and
submersed aquatics (see pool-
104 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)
Delta, reduce sediment input and
105 Pattern of Habitats Terrestrial Areas Other delta formation
106 Geomorphology Backwater Depth 'Backwater Areas
107 Water Quality Water Clarity Backwater Areas See pool-wide objectives
Increase emergent and
submersed aquatics (see pool-
108 Pattern of Habitats Land Cover/Use |Emergent Aquatics wide objectives)
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Table C35. Site-specific UMR-IWW Environmental Objectives (Peoria, cont.).

lcon Ecosystem Element Parameter Extent Target Range | Season  Frequency | Target Date Comments
Delta, reduce sediment input and
109 Pattern of Habitats Terrestrial Areas Other delta formation
Increase emergent and
submersed aquatics (see pool-
110 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)
111 Geomorphology Other Manage tributary sediments
112 Geomorphology Backwater Depth |Backwater Areas
113 Water Quality Water Clarity Backwater Areas See pool-wide objectives
Manage and enhance terrestrial
114 Pattern of Habitats Terrestrial Areas Other habitats
Increase habitat diversity RM 190-
115 Pattern of Habitats Other 195
Delta, reduce sediment input and
116 Pattern of Habitats Terrestrial Areas Other delta formation
Increase emergent and
submersed aquatics (see pool-
117 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)
118 Geomorphology Backwater Depth 'Backwater Areas
119 Water Quality Water Clarity Backwater Areas See pool-wide objectives
120 Pattern of Habitats Terrestrial Areas |Island Island construction
Delta, reduce sediment input and
121 Pattern of Habitats Terrestrial Areas Other delta formation
Increase and maintain habitat
122 Pattern of Habitats Aquatic Areas Other diversity per pool-wide objective
Delta, reduce sediment input and
123 Pattern of Habitats Terrestrial Areas Other delta formation
124 Geomorphology Backwater Depth |Backwater Areas
125 Water Quality Water Clarity Backwater Areas See pool-wide objectives
126 Water Quality Water Clarity Backwater Areas See pool-wide objectives
127 Pattern of Habitats Land Cover/Use Forest
128 Geomorphology Backwater Depth |Backwater Areas
129 Pattern of Habitats Land Cover/Use Submersed Aquatics
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Table C35. Site-specific UMR-IWW Environmental Objectives (Peoria, cont.).

lcon Ecosystem Element Parameter Extent Target Range | Season  Frequency | Target Date Comments

Increase emergent and

submersed aquatics (see pool-
130 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)
131 Pattern of Habitats Terrestrial Areas |Island Island construction
132 Geomorphology Backwater Depth Backwater Areas Deepwater embayments for fish
133  Pattern of Habitats Land Cover/Use Emergent Aquatics

Delta, reduce sediment input and
134 Pattern of Habitats Terrestrial Areas Other delta formation
135 Pattern of Habitats Aquatic Areas Secondary Channel

Delta, reduce sediment input and
136 Pattern of Habitats Terrestrial Areas Other delta formation
137 Pattern of Habitats Aquatic Areas Impounded Area

Create moist soil management
138 Pattern of Habitats Land Cover/Use Emergent Aquatics unit

Delta, reduce sediment input and
139 Pattern of Habitats Terrestrial Areas Other delta formation

Delta, reduce sediment input and
140 Pattern of Habitats Terrestrial Areas Other delta formation
141 Pattern of Habitats Aquatic Areas Impounded Area

Delta, reduce sediment input and
142 | Pattern of Habitats Terrestrial Areas Other delta formation

Peoria pool islands, pool-wide
143 Pattern of Habitats Terrestrial Areas |Island objectives
144 Pattern of Habitats Aquatic Areas Impounded Area

Delta, reduce sediment input and
145 Pattern of Habitats Terrestrial Areas Other delta formation

Delta, reduce sediment input and
146 Pattern of Habitats Terrestrial Areas Other delta formation
147 Pattern of Habitats Aquatic Areas Impounded Area

Delta, reduce sediment input and
148 Pattern of Habitats Terrestrial Areas Other delta formation
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Table C36. Site-specific UMR-IWW Environmental Objectives (La Grange).

Icon Ecosystem Element Parameter Extent Target Range Season | Frequency = Target Date Comments
Increase emergent and
submersed aquatics (see pool-

149 |Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

150 | Geomorphology Backwater Depth |Backwater Areas 50% of area 2 -3 m | All Year 10 2020

151 Water Quality Water Clarity Backwater Areas See pool-wide objectives
Increase emergent and
submersed aquatics (see pool-

152 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

153 Water Quality Water Clarity Backwater Areas See pool-wide objectives

154 |Geomorphology Backwater Depth |Backwater Areas 50% of area 2 -3 m | All Year 10 2020 See 2020 plan

155 |Pattern of Habitats Aquatic Areas Secondary Channel

156 | Geomorphology Connectivity Secondary Channel |>80% of year All Year 10 2020 Maintain secondary channel

0% floodplain area
inundated during 10 Habitat improvement as

157 |Geomorphology Connectivity Floodplain year flood All Year 10 2020 appropriate, maintain levee
Maintain and restore side

158 | Geomorphology Connectivity Secondary Channel >80% of year All Year 10 2020 channel habitat

159 |Pattern of Habitats Aquatic Areas Secondary Channel

160 Pattern of Habitats = |Aquatic Areas Secondary Channel

161 |Pattern of Habitats Aquatic Areas Secondary Channel
Restore submersed and
emergent aquatics, RM 134-148,
Spring Lake Bottoms, Manage
for wetland habitat for waterfowl

162 Pattern of Habitats Land Cover/Use Submersed Aquatics >60% of area 2020 use, Maintain existing levee

163 |Water Quality Water Clarity Backwater Areas See pool-wide objectives

164 |Geomorphology Backwater Depth Backwater Areas
Increased emergent and
submersed aquatics (see pool-

165 Pattern of Habitats ~ Land Cover/Use Emergent Aquatics wide objectives)
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Table C36. Site-specific UMR-IWW Environmental Objectives (La Grange, cont.).

Icon| Ecosystem Element Parameter Extent Target Range Season | Frequency = Target Date Comments
Delta, Copperas Creek, reduce
sediment input and delta
166 |Pattern of Habitats Terrestrial Areas |Other formation
Increase emergent and
submersed aquatics (see pool-
167 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)
Rice Lake Island, Restore
168 Geomorphology Backwater Depth |Backwater Areas 50% of area >3 m 2020 Depths, RM 132-137
Increase emergent and
submersed aquatics (see pool-
169 |Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)
170 |Pattern of Habitats Aquatic Areas Secondary Channel
171 |Pattern of Habitats Land Cover/Use Forest Restore grassland and forest
172 Water Quality Water Clarity Backwater Areas See pool-wide objectives
Maintain pool-wide objective for
173 Geomorphology Backwater Depth |Backwater Areas 50% of area 2 -3 m | All Year 10 backwater depth
174 'Water Quality Water Clarity Backwater Areas See pool-wide objectives
175 Geomorphology Connectivity Secondary Channel |>80% of year All Year 10 2020 RM 135, Senate Island
100% floodplain
area inundated
176 |Geomorphology Connectivity Floodplain during 10 year flood = All Year 10 2020 Connect gravel pit
177 |Pattern of Habitats Aquatic Areas Secondary Channel
Restore submersed and
178 Pattern of Habitats Land Cover/Use Submersed Aquatics >60% of area 2020 emergent aquatics
100% floodplain
area inundated
179 |Geomorphology Connectivity Floodplain during 10 year flood 2020 Clear Lake, RM 130-133
180 Water Quality Water Clarity Backwater Areas See pool-wide objectives
181 Geomorphology Backwater Depth |Backwater Areas
182 Water Quality Water Clarity Backwater Areas See pool-wide objectives
183 Geomorphology Backwater Depth |Backwater Areas
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Table C36. Site-specific UMR-IWW Environmental Objectives (La Grange, cont.).

Icon| Ecosystem Element Parameter Extent Target Range Season | Frequency = Target Date Comments
Increase emergent and
submersed aquatics (see pool-

184 |Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

RM 121-126, Restore and

185 Pattern of Habitats Land Cover/Use Emergent Aquatics maintain wetland habitat

186 | Geomorphology Backwater Depth Backwater Areas
Restore submersed and

187 Pattern of Habitats Land Cover/Use Submersed Aquatics >60% of area 2020 emergent aquatics

188 Water Quality Water Clarity Backwater Areas See pool-wide objectives
Restore side channel depth, RM

189 | Geomorphology Backwater Depth |Backwater Areas 50% of area >3 m 121-122

190 |Pattern of Habitats Aquatic Areas Secondary Channel

191 |Water Quality Water Clarity Backwater Areas See pool-wide objectives
Restore Depth in Coal Dock
Cove, using pool-wide backwater

192 Geomorphology Backwater Depth Backwater Areas depth objective
Increase emergent and
submersed aquatics (see pool-

193 |Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

Restore wetland and moist sall

194 Pattern of Habitats Land Cover/Use Emergent Aquatics habitats
Restore depth and natural

195 | Geomorphology Backwater Depth |Backwater Areas meanders

196 Geomorphology Connectivity Secondary Channel |>80% of year All Year 10 2020 Restore meanders
Restore depth and natural

197 Geomorphology Backwater Depth Backwater Areas meanders
Delta, reduce sediment input and

198 Pattern of Habitats Terrestrial Areas |Other delta formation

199 Geomorphology Backwater Depth |Backwater Areas

200 Water Quality Water Clarity Backwater Areas See pool-wide objectives
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Table C36. Site-specific UMR-IWW Environmental Objectives (La Grange, cont.).

Icon| Ecosystem Element Parameter Extent Target Range Season | Frequency = Target Date Comments
Increase emergent and
submersed aquatics (see pool-

201 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

Matanzas Bay, Connectivity for

202 |Geomorphology Connectivity Floodplain Winter overwintering habitat

203 Geomorphology Backwater Depth Backwater Areas

204 Pattern of Habitats Aquatic Areas Main Channel

205 \Water Quality Water Clarity Backwater Areas See pool-wide objectives
Increase emergent and
submersed aquatics (see pool-

206 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

Increase emergent and
submersed aquatics (see pool-

207 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

See pool-wide objectives and site

208 |Geomorphology Backwater Depth Backwater Areas management plan

209 Water Quality Water Clarity Backwater Areas See pool-wide objectives
Delta, reduce sediment input and

210 Pattern of Habitats Terrestrial Areas |Other delta formation
Increase emergent and
submersed aquatics (see pool-

211 |Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

212 \Geomorphology Backwater Depth |Backwater Areas

213 |Water Quality Water Clarity Backwater Areas See pool-wide objectives
Increase emergent and
submersed aquatics (see pool-

214 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

215 \Water Quality Water Clarity Backwater Areas See pool-wide objectives
Pool-wide depth objectives in

216 |Geomorphology Backwater Depth Backwater Areas Moscow Lake

217 \Geomorphology Connectivity Floodplain Connect backwater area
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Table C36. Site-specific UMR-IWW Environmental Objectives (La Grange, cont.).

Icon| Ecosystem Element Parameter Extent Target Range Season | Frequency = Target Date Comments
Increase emergent and
submersed aquatics (see pool-

218 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

219 Geomorphology Backwater Depth Backwater Areas

220 Water Quality Water Clarity Backwater Areas See pool-wide objectives
Increase emergent and
submersed aquatics (see pool-

221 |Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

222 Water Quality Water Clarity Backwater Areas See pool-wide objectives
Pool-wide depth objective for

223 Geomorphology Backwater Depth |[Backwater Areas Stewart lake

224 \Geomorphology Connectivity Secondary Channel Restore side channel
Maintain connection of complex

225 |Geomorphology Connectivity Floodplain to main channel
Increase emergent and
submersed aquatics (see pool-

226 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

227 Geomorphology Backwater Depth Backwater Areas

228 Water Quality Water Clarity Backwater Areas See pool-wide objectives

229 |Geomorphology Other Restore natural meanders

230 Pattern of Habitats ~  Aquatic Areas Secondary Channel Restore depth in side channel
Increase emergent and
submersed aquatics (see pool-

231 |Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

232 Pattern of Habitats Land Cover/Use Emergent Aquatics Restore wetland habitats

233 |Water Quality Water Clarity Backwater Areas See pool-wide objectives

234 Geomorphology Backwater Depth |Backwater Areas

235 |Geomorphology Other Restore natural meanders
Restore and maintain borrow pit

236 Pattern of Habitats ~ Aquatic Areas Other depth
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Table C36. Site-specific UMR-IWW Environmental Objectives (La Grange, cont.).

Icon| Ecosystem Element Parameter Extent Target Range Season | Frequency = Target Date Comments
Increase emergent and
submersed aquatics (see pool-

237 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

238 |Water Quality Water Clarity Backwater Areas See pool-wide objectives

239 Geomorphology Backwater Depth |[Backwater Areas See pool-wide depth objective

240 |Geomorphology Connectivity Floodplain Muscooten Bay
Increase emergent and
submersed aquatics (see pool-

241 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

242 Geomorphology Backwater Depth Backwater Areas
Restore and maintain

243 |Geomorphology Connectivity Floodplain connectivity

244 \Water Quality Water Clarity Backwater Areas See pool-wide objectives
Deepen and maintain side

245 |Pattern of Habitats ~  Aquatic Areas Secondary Channel channel

246 \Water Quality Water Clarity Backwater Areas See pool-wide objectives

247 \Geomorphology Backwater Depth |Backwater Areas

248 Pattern of Habitats Land Cover/Use Emergent Aquatics Restore wetland habitats
Increased emergent and
submersed aquatics (see pool-

249 Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

250 Pattern of Habitats Aquatic Areas Main Channel

251 |Pattern of Habitats Land Cover/Use |Other Promote natural habitat growth
Increase emergent and
submersed aquatics (see pool-

252 |Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)

253 Water Quality Water Clarity Backwater Areas See pool-wide objectives

254 Geomorphology Backwater Depth Backwater Areas
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Table C37. Site-specific UMR-IWW Environmental Objectives (Alton).

lcon Ecosystem Element Parameter Extent Target Range | Season | Frequency | Target Date Comments
255 |Pattern of Habitats Aquatic Areas Main Channel

Increase emergent and submersed
256 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)
257 |Geomorphology Backwater Depth Backwater Areas
258 Water Quality Water Clarity Backwater Areas See pool-wide objectives
259 Pattern of Habitats Aquatic Areas Secondary Channel
260 Pattern of Habitats Terrestrial Areas |Island Island Protection

Increase emergent and submersed
261 |Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)
262 |Geomorphology Backwater Depth 'Backwater Areas
263 \Water Quality Water Clarity Backwater Areas See pool-wide objectives
264 |Pattern of Habitats Aquatic Areas Secondary Channel

Delta, reduce sediment input and
265 Pattern of Habitats Terrestrial Areas Other delta formation
266 |Pattern of Habitats Terrestrial Areas |Island Island Protection
267 |Pattern of Habitats Aquatic Areas Secondary Channel
268 Pattern of Habitats Aquatic Areas Secondary Channel

Increase emergent and submersed
269 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)
270 \Water Quality Water Clarity Backwater Areas See pool-wide objectives
271 |Geomorphology Backwater Depth 'Backwater Areas
272 |Pattern of Habitats Terrestrial Areas |Island

Delta, reduce sediment input and
273 |Pattern of Habitats Terrestrial Areas Other delta formation
274 Water Quality Water Clarity Backwater Areas See pool-wide objectives
275 |Geomorphology Backwater Depth Backwater Areas

Increase emergent and submersed
276 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)
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Table C37. Site-specific UMR-IWW Environmental Objectives (Alton, cont.).

lcon Ecosystem Element Parameter Extent Target Range | Season | Frequency | Target Date Comments
277 Geomorphology Connectivity Floodplain All Year 20 Gravity structures
278 Pattern of Habitats Land Cover/Use Other Restore habitat as possible
279 |Pattern of Habitats Aquatic Areas Secondary Channel
280 Water Quality Water Clarity Backwater Areas See pool-wide objectives
281 |Geomorphology Backwater Depth Backwater Areas
Increase emergent and submersed
282 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)
283 |Geomorphology Connectivity Floodplain All Year 20 Gravity structures
284 Plants and Animals Other Mussels
285 |Pattern of Habitats Land Cover/Use Other Restore habitat as possible
286 Plants and Animals Other Mussel bed, RM 50-54
287 |Plants and Animals Other Mussels
288 |Plants and Animals Other Mussels
289 |Plants and Animals Other Mussels
290 Plants and Animals Other Mussels
291 |Geomorphology Connectivity Floodplain All Year 20 Gravity structures
292 |Pattern of Habitats Aquatic Areas Secondary Channel
293 |Pattern of Habitats Land Cover/Use Other Restore habitat as possible
294 Plants and Animals Other Mussels
295 Pattern of Habitats Aquatic Areas Secondary Channel
296 |Pattern of Habitats Aquatic Areas Secondary Channel
297 |Pattern of Habitats Terrestrial Areas |Island Island Protection
298 Pattern of Habitats Land Cover/Use Forest
299 |Pattern of Habitats Terrestrial Areas |Island Island Protection
Large contiguous wetlands for
migratory water birds (1000+
300 Pattern of Habitats Land Cover/Use Emergent Aquatics acres)
301 |Geomorphology Connectivity Floodplain All Year 20 Gravity structures
302 Pattern of Habitats Land Cover/Use Other Restore habitat as possible
303 |Pattern of Habitats Land Cover/Use Forest
304 Pattern of Habitats Terrestrial Areas Island Island Protection
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Table C37. Site-specific UMR-IWW Environmental Objectives (Alton, cont.).

Icon | Ecosystem Element Parameter Extent Target Range | Season | Frequency Target Date Comments
305 Pattern of Habitats Aquatic Areas Secondary Channel
306 Pattern of Habitats Terrestrial Areas |Island Island Protection
307 Pattern of Habitats Aquatic Areas Secondary Channel
308 Pattern of Habitats Terrestrial Areas |Island Island Protection
309 Pattern of Habitats Aquatic Areas Secondary Channel
310 Pattern of Habitats Terrestrial Areas |Island Island Protection
311 |Pattern of Habitats Land Cover/Use Forest
312 Geomorphology Connectivity Floodplain All Year 20 Gravity structures
313 |Pattern of Habitats Land Cover/Use Other Restore habitat as possible
314 Pattern of Habitats Terrestrial Areas |Island Island Protection
315 |Pattern of Habitats Land Cover/Use Forest
316 Geomorphology Connectivity Floodplain All Year 20 Gravity structures
317 |Pattern of Habitats Terrestrial Areas |Island Island Protection
318 |Pattern of Habitats Aquatic Areas Secondary Channel
319 |Pattern of Habitats Land Cover/Use Other Restore habitat as possible
320 Pattern of Habitats Terrestrial Areas |Island Island Protection
321 |Pattern of Habitats Terrestrial Areas |Island Island Protection
Large contiguous wetland for
migratory water birds (1000+
322 Pattern of Habitats Land Cover/Use Emergent Aquatics acres)
323 |Geomorphology Connectivity Floodplain All Year 20 Gravity structures
324 Pattern of Habitats Land Cover/Use Other Restore habitat as possible
325 |Pattern of Habitats Terrestrial Areas |Island Island Protection
326 |Pattern of Habitats Aquatic Areas Secondary Channel
327 |Pattern of Habitats Terrestrial Areas |Island Island Protection
Maintain and deepen secondary
328 | Geomorphology Backwater Depth Backwater Areas channel
329 Pattern of Habitats Terrestrial Areas |Island Island Protection
330 |Pattern of Habitats Land Cover/Use Forest
Delta, reduce sediment input and
331 |Pattern of Habitats Terrestrial Areas Other delta formation
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Table C37. Site-specific UMR-IWW Environmental Objectives (Alton, cont.).

lcon Ecosystem Element Parameter Extent Target Range | Season | Frequency | Target Date Comments

Increase emergent and submersed
332 |Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)
333 |Geomorphology Backwater Depth 'Backwater Areas

Delta, reduce sediment input and
334 Pattern of Habitats Terrestrial Areas Other delta formation
335 Water Quality Water Clarity Backwater Areas See pool-wide objectives

Delta, reduce sediment input and
336 |Pattern of Habitats Terrestrial Areas Other delta formation

Delta, reduce sediment input and
337 |Pattern of Habitats Terrestrial Areas Other delta formation

Restore wetland habitat (see pool-
338 |Pattern of Habitats Land Cover/Use Emergent Aquatics wide objectives)
339 | Geomorphology Backwater Depth 'Backwater Areas
340 Water Quality Water Clarity Backwater Areas See pool-wide objectives

Increase emergent and submersed
341 Pattern of Habitats Land Cover/Use Emergent Aquatics aquatics (see pool-wide objectives)

Delta, reduce sediment input and
342 Pattern of Habitats Terrestrial Areas  Other delta formation
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I
Require lock waiting area use, designated beaches (rec boat)

Licensing of recreati
Restrict recreational

improve fish passage

used by tows to minimize impacts of barge mooring.

concerns, etc.
rotect shorelines

boat wakes to
boat noise to

ional boats

of use and impacts

dam gate bay openings to reduce velocities,
rounds at dams

design of towboat hull

laintain dam structures, machinery and controls

aintain
aintain earthen embankments

Brush removal

Mark the navigation channel better to keep tows away from sensitive bank erosion areas to improve water quali
Replace riprap

Set fleeting areas to protect the environment and regulate their size.

Prohibit barge fleeting outside designated areas
Provide, maintain boating access to backwater areas (ramps/entrances;

Provide interpretive, educational information to public

Restrict seasonal timing of tow traffic to reduce fish entrainment
Create and maintain beaches

Experiment with management actions during scheduled closures
Operation and Maintenance of Locks and Dams

Operate dam gates to improve fish passage

Modif
Protect special habitat areas (see rec boat restrictions above)

River clean-up days with volunteer effort

Require lock waiting area use, mooring cells (commercial
Designate camping areas

Limit extent and use of toxic herbicides in brush removal

Place shades on lights to limit skyward lighting

Recreational Use Management
Limit public use, behavior, impacts (people management)

Restrict navigation during high river flow to improve safe
Limit densit

Require use of helper boats to improve safet,
Plant native prairie vegetation on grounds near locks

Use non-toxic paint under water

Provide sanitary facilities for campers on islands
Maintain the visual aesthetics of the riverscape
Regulation of Work in Water, Wetlands

Operate and maintain boating access sites (ramps).
Review, permitting of work in rivers

Operate water control structures in embankments

Catch and properly dispose of old paint

Navigation area restrictions - recreational boats
Limit fertilizer use

Speed and wake restrictions
Ensure navigation safety near locks and dams

Management Actions
Schedule commercial traffic to minimize stops
Modify tow size/configuration

River closure due to floods, securi

Set buoys before navigation season opens
Reset buoys as channel conditions require
Place mooring facilities in areas historicall
Restrict recreational

Build and maintain fishways

Perform rescues

Operate and maintain recreation areas
Designate boat beaching areas

Review, permitting of work in wetlands

Modif
Modif

N, P from tributaries (TMDLs)

Management Along Mainstem Rivers
conditions
Reduce phosphorus and nitrogen inputs to reduce density, duration of algal blooms.

Restore riverine aquatic conditions that limit algal blooms.

Remove bottom feeding fish (carp

Increase denitrification
Divert tributaries into backwaters to deliver DO during winter

Reduce contaminant discharge from point sources (NPDES]
Open springs in isolated backwaters

Upgrade municipal waste treatment systems

Re-use industrial wastes into products
Develop effective spill response, river defense network

Upgrade industrial waste pre-treatment systems
Implement urban stormwater management BMPs
Use aerators to improve backwater DO

Review, permitting of work in floodplains (zoning
Introduce flows to backwater areas, improve DO
Improve safety of potential spill sources

Review, permitting of barge fleeting areas
Reduce loadings of sediment,

[Water Qualit
[Assess water quali
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Management Actions

deer) so that populations do not adversely affect other biota

lanage fish and wildlife populations on federal refuges
hunter attitudes about exploitation

Protect or provide special spawning, nesting, nursery areas

Install bird nesting structures

lanage vegetation cover
Enforce hunting regulations

anage water levels
PPromote natural processes (drawdown, flooding, ebb and flow of islands via current erosion) to creat mix of succesional g

Promote forest regeneration and control invasives to create a mix of forest and prairie.

Plant, encourage expansion of mast-producing trees

Plant aguatic vegetation
Protect, restore, and increase grassland, forest, wetland habitats for areas sensitive sp - large habitat blocks for

Manage for habitat diversity to protect neotropical migrants and other species of concern
acquisition/easement programs

Induce vegetative cover to reduce wave action bank erosion to improve water quali
Get vegetation to grow to reduce sediment resuspension to improve water qualit

Construct and manage floodplain areas for moist soil vegetation
Manage fish and wildlife to reduce the adverse effects of invasive exotic species

Plant agricultural crops to maintain open areas, control undesirable species
Plant agricultural crops as food for wildlife

Monitor, attempt to control diseases

Create and maintain barriers to invasion of exotic species

Establish non-motorized areas of backwaters to protect special habitat areas
Fisheries Management

Recreational Use Management

Purchase land
Deposit sand, cap with fines, plant prairie vegetation, shrubs, or trees

Growing season drawdowns to promote emergent aquatic vegetation
Reestablish disease resistant elms in floodplain
Protect, increase populations of threatened, endangered species

Control predators where needed

Monitor boats to prevent transmission of invasive exotic species
\Wildlife Management

Use biological control methods to control purple loosestrife
|Adjust angling, commercial fishing regulations as needed

Sportsman education and outreach
Enforce fishing regulations

Stock fish
Mitigate wildlife diseases related to habitat e.g. botulism

Update and revise the "Closed Area" system on the refuge
Manage game species (e.g.,

Use biological control methods to control purple loosestrife
Trap selected predator populations ie. Fox and raccoon

Reintroduce native species
Predator management where appropriate or needed

Adjust hunting and trapping regulations as needed

Conservation easements to protect natural areas
Modif

Close the pathway of invasive species at Chicago
Manage Vegetation

Enforce fishing regulations

Conduct inventory of invasive species on Refuge
Restore and manage floodplain forests

Restore and maintain floodplain prairie

Enforce hunting regulations

Exotic Species Managemen

Refuge Management
Enforce tray

Construct, operate, maintain fish barrier on lllinois River

3l

3]

3]

0l 0] o] 3

of

of

of

of

of

of

of

of

of

0| 0] 0] 0

of

of

of

of

of

of

of

of

of

of

of

of

of

of
o o o[ 0
o of o[
o[ o[ o[ 0

of

of
0|
0|
0|

2[
0|
0|
0|

2[

2[

2[

2[

0 0 0 0o 0 0f 0f 0of 0f 0f 0
0 0 0 0/ 0/ of 0of 0of 0f 0of o

0 0 0 0/ 0/ 0/ 0f 0f O0f 0f 0f 0f 0] 0
0 0 0] 0/ 0/ 0/ 0f Oof O0f 0f Oof 0f 0f o

of

of

of
0]
0

1]

2[

2[

of

2[

2[

2[

2[

0l O] Of of of of of 0
0l O] Of of of of of 0

of

addlefish, other at-risk species

lans (Candidate species mgmt)

species-specific toxicants

Kill zebra mussels on vessels in lock chambers
Recreate more riverine sediment transport regimes to increase shoreline dynamics/complexit

Protect turtle nesting sites from human disturbance, dredge disposal, and off-loadint
Build earth embankments with riprap to increase shoreline dynamics/complexi

Control invasive mussels and fish to protect T&E Species

Cooperate with T & E recovel
Use water level drawdowns to increase shoreline dynamics/complexi

Close connection between Great Lakes and lllinois River

Build islands to restore and improve T&E species habitats
Create rock substrates to improve T&E species habitats (mussels
Restore and create fish passage for T&E species

Construct, operate fish barrier at Lock 26
Require treatment of Great Lakes freighter ballast water

Regulate use of exotic species for fishing bait

Regulate biota transfer by fishing boats
Construct islands with varied top elevation, fine material

Reintroduce/expand species of concern to avoid listing
Prohibit exploitation of mussels, sturgeons,

Construct low islands with sand bars and mud flats
Construct islands to create secondary channels

Modify river-floodplain geometry

Bioengineered - control of exotics/problem species
Construct islands

Reintroduce native species
Construct habitat for T& E species
Construct seed islands

Construct chevron islands
Construct rock islands

Al
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Management Actions

Construct sandberms w/ biotech stabilization to allow more dynamics and complexity as the sand moves down

tiver-floodplain geometry

frver

Construct rock groins to modif

Open barrier islands - create channel, induce delta formation into open BW areas

[ Temporaril

isolate and draw down contiguous backwaters

Notch levees
Set back levees

Remove levees

Construct and manage floodplain areas for moist soil vegetation

Place dredged material in floodplain to create ridge and swale topograph

Shoreline stabilization (aquatic habitat)

Construct rock shoreline revetment

lantin
Incorporate woody debris into bank protection

Construct rock off-shore revetments
Construct submerged rock vanes

Grading, vegetation

Modify aquatic habitat - hydraulic conditions

Create shallow rock and gravel riffle areas

hydraulic conditions in aquatic habitat.

wing dams to modi

Restrict flow to secondary channels

Adjust introduced flow into backwater areas - winter habitat

Restrict flow into contiguous backwaters

Divert flow of sediment laden water away from backwaters

Construct sediment traps on tributaries to

rotect backwater areas

Construct submerged sills to control flow into backwater areas

System-scale or multiple pool drawdowns

Drawdown management units

Drawdown isolated backwaters

Isolate and drawdown contiguous backwaters
Create and maintain fishless aquatic areas (e.f

ond,

otholes, ephemeral

Increase connectivity between channels and floodplain

Acquire real estate rights, restore water to leveed floodplain areas

Restore flow to isolated backwater areas

Create habitat corridors for floodplain terrestrial wildlife
Construct managed wetland units that fish can use

Install culverts with control structures through dam embankments to deliver flow to isolated backwaters

Increase longitudinal connectivity of rivers

Build fishways at mainstem dams

Lower embankments and spillways

Construct flood walls

Use floodplain areas for floodwater storage

Set back levees to reduce flood stages

Remove levees to reduce flood stages

Controlled floodways

Floodproof essential floodplain infrastructure

rotected floodplain

Acquire real estate rights, restore water to leveed floodplain areas

Grow perennial flood tolerant crops in floodplain

Prohibit further development in structurall
Restrict development in floodways

BMPs

Management in UMR Basin A
and watershed conditions

[Watershed and Water Qualit

Assess water quali

Conservation tillage

Contour farming, terraces
Grassed waterways

Riparian buffer strips

Water and sediment control basins

Construct tributar

reservoirs

Wetland restoration to increase infiltration

Stabilize eroding ravines

Erosion control structures alon

intermittent streams

Restore hydrologic regime in tributaries

operation of tributary dams to naturalize hydrologic regime

operation of tributary hydro dams to run-of-river

Urban stormwater management

lodif

ractices
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Management Actions

ractices

Construction site erosion prevention

rade municipal waste treatment systems

Re-use industrial wastes into

Increase water onto floodplains, denitrification
U

Increase pervious surface in developed areas

roducts

rade industrial waste pre-treatment systems

Create wetlands to treat storm water

Eliminate phosphorus in lawn fertilizer

Dechannelize tributaries

egulate discharge of pollutants from point sources (NPDES
Regulate and provide incentives for implementation of BMPs (non-point TMDLs)

R

laintain buffer strips for regulating runoff and erosion contr
Prevent farm animal access to river to control erosion and 'runoff’ into river

nstall feedlot runoff controls.
Regulate communities on runoff,




Objective EEC
Achieve State water quality standards for all uses WQ

Reduce contaminant loadings to the river WQ

Reduce mobilization of sediment contaminants WQ

Achieve State Total Maximum Daily Load (TMDL) standards WQ

Reduce fine sediment loadings to the river WQ

Reduce coarse sediment loadings to the river WQ

Reduce nutrient (N and P) loading from tributaries to river WQ

Reduce nutrient (N and P) export from UMRS to Gulf of Mexico WQ

Maintain adequate DO concentrations during ice free periods for fish WQ

Maintain adequate DO concentrations during winter for fish WQ

Create thermal and velocity refugia (e.g. holes >3 m) in backwaters and channels WQ

Maintain water clarity sufficient to support submersed aquatic vegetation and aquatic invertebrates and sight feeding fishes WQ

Increase the number and area of secondary channels GEO
Increase depth diversity in secondary channels GEO
Restore the channel geometry and floodplains of tributary rivers GEO
Restore the channel geometry of tertiary channels GEO
Increase the depth diversity in main channel border areas GEO
Increase the extent and number of sand bars GEO
Increase the extent and number of mud flats GEO
Increase the extent and number of gravel bars GEO
Increase the area and number of islands GEO
Increase the area and number of rock and gravel riffles GEO
Increase the extent and number of rock and gravel substrate areas GEO
Increase the area and relief of ridge and swale topography in the floodplain GEO
Increase topographic diversity and elevation of floodplain areas GEO
Restore channelized tributaries in the mainstem river floodplains GEO
Restore fluvial dynamics (e.g. channel avulsion - secondary channel - distributary channels - etc.) GEO
Reduce rate of delta formation GEO
Increase the rate of delta formation GEO
Increase connectivity between channels and contiguous backwater areas GEO
Reduce connectivity between channels and contiguous backwater areas GEO
Increase connectivity of floodplain areas GEO
Reduce connectivity of floodplain areas GEO
Increase extent of contiguous backwater areas GEO
Increase the number and extent of isolated floodplain lakes GEO
Increase the extent of unleveed floodplain at tributary confluences GEO
Increase the extent of unleveed floodplain GEO
Naturalize hydrologic regime HYD
Reduce stage and discharge fluctuations caused by dam operation HYD
Restore desirable stage: discharge relationship HYD
Restore or naturalize hydraulic interactions between the river and tributaries HYD




Naturalize tributary discharge hydrographs - reduce effects of hydro operation HYD
Increase storage and conveyance of flood water on the floodplain HYD
Provide desirable pattern of hydraulic conditions in tailwaters (e.g. increase area of <0.3 m/sec current velocity - attract fish to fishways) HYD
Provide pathways for animal movements through and across dams HYD
Reduce wind fetch in open water areas (e.g. backwaters and impounded areas) HYD
Provide desirable current velocity and residence time in aquatic areas HYD
Restore and maintain a diverse mosaic of plant communities HAB
Increase extent and abundance and diversity of submersed aquatic plants HAB
Increase extent and abundance and diversity of emergent aquatic plants HAB
Increase extent and abundance and diversity of floodplain grassland HAB
Increase extent and abundance and diversity of floodplain shrub cover HAB
Restore and maintain large contiguous grassland patches (>1000 acres) HAB
Restore and maintain large contiguous forest patches (>1000 acres) with connected corridors HAB
Restore and maintain large contiguous wetland patches (>1000 acres) every 30 - 40 miles HAB
Increase the extent and diversity and successional variety of the floodplain forest HAB
Increase the number and area of backwaters with suitable habitat for fish HAB
Increase the number and extent of managed marsh areas in leveed floodplain HAB
Maintain the existing extent of floodplain agricultural areas HAB
Increase the number and extent of continuous habitat corridors (floodplain forest - prairie - marsh) HAB
Increase the number and width and length of vegetated riparian buffer strips along tributaries and ditches HAB
Increase woody debris in secondary channels HAB
Increase the area of suitable winter habitat for lentic fishes HAB
Increase the area of suitable winter habitat for lotic fishes HAB
Maintain viable populations of native plant species throughout their range in the UMRS at levels of abundance in keeping with their biotic potential BIO
Maintain the diversity and extent of native plant communities throughout their range in the UMRS BIO
Maintain viable populations of native macroinvertebrate species throughout their range in the UMRS at levels of abundance in keeping with their biotic potential BIO
Maintain the diversity and extent of native maroinvertebrate communities throughout their range in the UMRS BIO
Maintain viable populations of native mussel species throughout their range in the UMRS at levels of abundance in keeping with their biotic potential BIO
Maintain the diversity and extent of native mussel communities throughout their range in the UMRS BIO
Maintain viable populations of native fish species throughout their range in the UMRS at levels of abundance in keeping with their biotic potential BIO
Maintain the diversity and extent of native fish communities throughout their range in the UMRS BIO
Maintain viable populations of native amphibians and reptiles throughout their range in the UMRS at levels of abundance in keeping with their biotic potential BIO
Maintain the diversity and extent of native amphibian and reptile communities throughout their range in the UMRS BIO
Maintain viable populations of native birds throughout their range in the UMRS at levels of abundance in keeping with their biotic potential BIO
Maintain the diversity and extent of native bird communities throughout their range in the UMRS BIO
Maintain viable populations of native mammals throughout their range in the UMRS at levels of abundance in keeping with their biotic potential BIO
Maintain the diversity and extent of native mammal communities throughout their range in the UMRS BIO
Prevent the introduction and dispersion of exotic invasive species BIO
Reduce the extent and abundance of exotic invasive species BIO
Reduce the adverse effects of Invasive species on native biota BIO




River management actions on the UMRS.

Coordinating Agency

Management Actions Responsible Frequency of Existing -and Potential | |Areas of Application Existing Existing Need Not
Agency Application Geomorphic River Reach Throughout Authority Authority Authority Attempted
Corps [USCG |USFWS [USGS [USDA | FEMA | EPA [States | Local | Cont. | Daily J1to6/yr| 1/yr [1in2-10+yr[1]2][3][4[5][6] 78] 9[10[L1]iL2] UMR Basin | _Ongoing _Pn/under funde{ and Funding to Date

River Regulation

Mainstem Dam gate operation

Make frequent gate adjustments to minimize fluctuations

Use dam point control more - limit hinge point operations

Modify regulation of Pools 24,25,26

Growing season drawdowns to promote emergent vegetation

]

1,2,3,4,5,6,7,11,37,44

Change flow distributions to increase diversity of aquatic plants to
improve water quality.

Change water levels to increase extent, abundance, and diversity of
aquatic plants to improve water quality.

Create riverine backwater conditions for aquatic plants to improve
water quality.

Create hydrualic conditions for T&E species habitats

Spawning season drawdowns to strand fish eggs (carp)

Drawdowns to consolidate sediment

Drawdowns to promote scour in tributaries

System-scale or multiple pool drawdowns

Build dam gates, naturalize hydrologic regime IL River

Moderate effects of hydro operation on tributary discharge

Operate pools on high side during winter

Higher, slight pulsing of winter water levels

Maintain a minimum water surface gradient during low flow periods

Reduce water levels to reduce bank erosion to improve water quality.

Diadaina

Shore pipe, boosters to reach dredged material placement sites

Use small dredges to expand placement options

Bend width reductions where appropriate

Overdepth dredging to reduce frequency

Limited depth dredging to reduce volume

Sediment trap dredging to reduce influx of sediment

As-needed dredging with close monitoring

Dredge backwater areas, increase depth

Dredging to restore and create secondary channels

Dredging to restore tributary channels

Use land based excavators to move material during drawdowns

Increase water depth to reduce sediment resuspension

Diversify depths to increase aquatic plants to improve water quality.

Dredge backwater areas to modify river-floodplain geometry

Dredge to increase aquatic plants for improving water quality.

Drodaad coatarial ol t

Unconfined placement in floodplain

Unconfined placement of dredged material in floodplain to create
ridge and swale topography for mast-producing trees

Confined placement in floodplain

Unconfined placement in channel

Semi-confined channel placement (chevrons)

Placement out of floodplain - beneficial use

Placement behind levees - agricultural areas

Placement of contaminated material out of floodplain

Minimize dredge slurry return water

Minimize bankside dredged material placement

Stabilize dredged material with soil

Place dredged material to create wetland areas

Placement on existing, construct new beaches

Construct islands

Construct islands to create secondary channels

Construct seed islands from dredged material

Build islands to increase submersed and emergent aquatic plants to
improve water quality

Channel Management Structures

Maintain wing dams (dikes)

Maintain closing dams

Maintain rock bank revetments

Construct wing dams (dikes)

Construct closing dams

Construct rock bank revetments

Maintain flow split between main channel and off-channel areas

Modify flow splits between main channel and off-channel areas

Notch wing dams to create hydraulic, depth diversity

Notch closing dams to increase side channel flow

H

very few




River management actions on the UMRS.

Coordinating Agency

Management Actions

Responsible

Agency

Frequency of
Application

Existing -and Potential |

|Areas of Application

Geomorphic River Reach

Throughout

Existing
Authority

Existing
Authority

Need
Authority

Not
Attempted

Remove closing structures to divert flow into side channels

Construct temporary structures to divert flow

Use structures (hardpoints) to manipulate flow to maintain backwater
depth

Use larger rock, make bank revetments irregular

Incorporate woody debris into channel structures

Construct hardpoints to create turbulent flow to cause erosion

Construct rock groins to divert flow to protect banks

Construct off-shore revetments

Construct seed islands for channel management

Construct bendway weirs

Construct chevrons to maintain channel

Divert more tributary delta flow into open impounded areas

Construct temporary flow diversions to enlarge delta areas

Build islands to reduce sediment resuspension to improve water
quality

Stabilize island shorelines

Remove bank stabilization structures

Stabilize eroding banks to improve water quality.

Construct offshore rock mounds to reduce accelerated bank erosion
to improve water quality.

Realign channel to reduce navigation impacts

Aids to and restrictions on navigation

Navigation notices, restrictions on commercial navigation

Draft restrictions

Cargo and tow configuration requirements

USCG |USFWS |USGS

USDA

FEMA

EPA |States

Local

Cont.

Daily

1to6/yr| 1/yr

Licensing of commercial vessels, pilots

Navigation area restrictions - recreational boats

Speed and wake restrictions

Schedule commercial traffic to minimize stops

Modify towboat propulsion system

Modify design of towboat hull

Improve lock approaches

Modify tow size/configuration

1in 2-10+yr

1]2]3]4]5]6]|7]8]9]10]L1fL2

UMR Basin

Ongoing

Establish and enforce safety zone for tow boats

Limit draft of commercial tows to 9 feet

Establish a permit system for tows over 9 foot draft

Alert Industry to sensitive natural resource conditions and channel
conditions.

River closure due to floods, security concerns, etc.

Set buoys before navigation season opens

Reset buoys as channel conditions require

Restrict seasonal timing of tow traffic to reduce fish entrainment

1,9 10

Un/under funde

and Funding

to Date

Restrict opening, closing of navigation season

Restrict navigation season to accommodate pool drawdowns

Prohibit commercial navigation outside designated channel areas

Install bouys to keep tows away from sensitive habitats

Place mooring facilities in areas historically used by tows to minimize
impacts of barge mooring.

Mark the navigation channel better to keep tows away from sensitive
bank erosion areas to improve water quality.

Set fleeting areas to protect the environment and regulate their size.

Prohibit barge fleeting outside designated areas

Restrict navigation during high river flow to improve safety

Require use of helper boats to improve safety

Require lock waiting area use, mooring cells (commercial)

Require lock waiting area use, designated beaches (rec boat)

Licensing of recreational boats

USCG

USCG

Restrict recreational boat wakes to protect shorelines

Restrict recreational boat beaching to protect habitats

Restrict recreational boat navigated areas to protect habitats

Restrict recreational boat noise to protect habitats

Experiment with management actions during scheduled closures

Operation and Maintenance of Locks and Dams

Operate dam gates to improve fish passage

Modify dam gate bay openings to reduce velocities, improve fish
passage

Build and maintain fishways

Ensure navigation safety near locks and dams

Perform rescues

Maintain dam structures, machinery and controls

1,12,13,16,17

Test only




River management actions on the UMRS.

Coordinating Agency

Management Actions

Responsible

Agency

Frequency of
Application

Existing -and Potential |

|Areas of Application

Geomorphic River Reach

Throughout

Existing
Authority

Existing
Authority

Need
Authority

Not
Attempted

Maintain grounds at dams

Maintain visitor areas

Maintain earthen embankments

Brush removal

Replace riprap

Operate water control structures in embankments

Catch and properly dispose of old paint

Limit fertilizer use

Plant native prairie vegetation on grounds near locks

Use non-toxic paint under water

Limit extent and use of toxic herbicides in brush removal

Place shades on lights to limit skyward lighting

Recreational Use Management

Operate and maintain recreation areas

Operate and maintain boating access sites (ramps).

Provide, maintain boating access to backwater areas
(ramps/entrances)

Provide interpretive, educational information to public

Create and maintain beaches

Limit public use, behavior, impacts (people management)

Limit density of use and impacts

Protect special habitat areas (see rec boat restrictions above)

River clean-up days with volunteer effort

Designate camping areas

Designate boat beaching areas

Provide sanitary facilities for campers on islands

Maintain the visual aesthetics of the riverscape

Regulation of Work in Water, Wetlands

Review, permitting of work in river

Review, permitting of work in wetlands

Review, permitting of barge fleeting areas

|Review, permitting of work in floodplains (zoning)

Water Quality Management Along Mainstem Rivers

Assess water quality conditions

Reduce loadings of sediment, N, P from tributaries (TMDLs)

Introduce flows to backwater areas, improve DO

Reduce contaminant discharges from point sources (NPDES)

USGS

USDA

FEMA

EPA

States

Local

Cont.

Daily |1to6/yr| 1/yr

1in 2-10+yr

Upgrade municipal waste treatment systems

Re-use industrial wastes into products

Upgrade industrial waste pre-treatment systems

Improve safety of potential spill sources

Develop effective spill response, river defense network

Reduce phosphorus and nitrogen inputs to reduce density, duration o
algal blooms.

Restore riverine aquatic conditions that limit algal blooms.

Remove bottom feeding fish (carp)

Increase denitrification

Implement urban stormwater management BMPs

1(2(3|4|5(|6]|7]|8]|9]|10(IL1IL2

UMR Basin

Ongoing

29,30,31

Use aerators to improve backwater DO

Divert tributaries into backwaters to deliver DO during winter

Open springs in isolated backwaters

Refuge Management

Manage vegetation cover

Manage water levels

Manage fish and wildife populations on federal refuges

Protect or provide special spawning, nesting, nursery areas

Install bird nesting structures

Enforce hunting regulations

Enforce fishing regulations

Enforce trapping regulations

Conduct inventory of invasive species on Refuge

Close the pathway of invasive species at Chicago

Use biological control methods to control purple loosestrife

Trap selected predator populations ie. Fox and raccoon

Reintroduce native species

Update and revise the "Closed Area" system on the refuge

Establish non-motorized areas of backwaters to protect special
habitat areas

Recreational use management (see recreation above)

Purchase land

Conservation easements to protect natural areas

16,18,21

States, 14, 20

Un/under funde

and Funding

to Date

USFWS




River management actions on the UMRS.

Coordinating Agency

Management Actions Responsible Frequency of Existing -and Potential | |Areas of Application Existing Existing Need Not
Agency Application Geomorphic River Reach Throughout Authority Authority Authority Attempted
Corps |USCG [USFWS |[USGS |USDA FEMA | EPA |States Local | Cont. | Daily |1to6/yr| 1/yr |1in2-10+yr| 1|23 |4|5(6|7]|8|9]|10|IL1{IL2] UMR Basin Ongoing Pn/under funde{ and Funding to Date
Manage Vegetation 32, 38, USFWS

Restore and manage floodplain forests

Restore and maintain floodplain prairie

Monitor boats to prevent transmission of invasive exotic species

Use biological control methods to control purple loosestrife

Promote natural processes (drawdown, flooding, ebb and flow of
islands via current erosion) to creat mix of succesional stages.

Promote forest regeneration and control invasives to create a mix of
forest and prairie.

Plant, encourage expansion of mast-producing trees

Plant aquatic vegetation

Growing season drawdowns to promote emergent aquatic vegetation

Induce vegetative cover to reduce wave action bank erosion to
improve water quality.

Get vegetation to grow to reduce sediment resuspension to improve
water quality

Construct and manage floodplain areas for moist soil vegetation

Deposit sand, cap with fines, plant prairie vegetation, shrubs, or trees

Reestablish disease resistant elms in floodplain

Plant agricultural crops to maintain open areas, control undesirable
species

Plant agricultural crops as food for wildlife

Monitor, attempt to control diseases

Fisheries Management

Adjust angling, commercial fishing regulations as needed

Sportsman education and outreach

Enforce fishing regulations

Stock fish

Protect, increase populations of threatened, endangered species

Control predators where needed

Wildlife Management

Adjust hunting and trapping regulations as needed

Modify hunter attitudes about expoitation

Enforce hunting regulations

Predator management where appropriate or needed

Manage for habitat diversity to protect neotropical migrants and other
species of concern

Reduce impacts of human disturbance-time and space restrictions of
access or boats to protect species of concern

Protect, restore, and increase grassland, forest, wetland habitats for
areas sensitive sp - large habitat blocks for acquisition/easement
programs

Mitigate wildlife diseases related to habitat e.g. botulism

Manage game species (e.g., deer) so that populations do not
adversely affect other biota

Exotic Species Management

Manage fish and wildlife to reduce the adverse effects of invasive
exotic species

Create and maintain barriers to invasion of exotic species

Construct, operate, maintain fish barrier on lllinois River.

Close connection between Great Lakes and lllinois River

Construct, operate fish barrier at Lock 26

Require treatment of Great Lakes freighter ballast water

Regulate use of exotic species for fishing bait

Regulate biota transfer by fishing boats

Apply species-specific toxicants

Kill zebra mussels on vessels in lock chambers

Restrict and enforce use of exotic species in aquaculture

Promote utilization of exotic biomass

Bioengineered - control of exotics/problem species

T&E Species Management

Reintroduce native species

Construct habitat for T& E species

Build islands to restore and improve T&E species habitats

Create rock substrates to improve T&E species habitats (mussels)

Restore and create fish passage for T&E species

Protect turtle nesting sites from human disturbance, dredge disposal,
and off-loading

Control invasive mussels and fish to protect T&E Species

([ [ [ | ] | | | [ States USFWS |

]
([ [ [ | ] | | | [ States USFWS |

Experimental

Experimental




River management actions on the UMRS.

Coordinating Agency

Management Actions

Responsible

Agency

Frequency of
Application

Existing -and Potential |

|Areas of Application

Geomorphic River Reach

Throughout

Existing
Authority

Existing
Authority

Need
Authority

Not
Attempted

Corps

Cooperate with T & E recovery plans (Candidate species mgmt.)

Reintroduce/expand species of concern to avoid listing

USCG |USFWS |USGS

USDA

FEMA

EPA |States

Prohibit exploitation of mussels, sturgeons, paddlefish, other at-risk
species

Daily |1to 6 /yr

1/yr

1in 2-10+yr

Modify river-floodplain geometry
Construct islands

Construct seed islands

Construct chevron islands

Construct rock islands

Construct islands with varied top elevation, fine material

Construct low islands with sand bars and mud flats

Construct islands to create secondary channels

Use water level drawdowns to increase shoreline
dynamics/complexity

Recreate more riverine sediment transport regimes to increase
shoreline dynamics/complexity.

Build earth embankments with riprap to increase shoreline
dynamics/complexity

Construct sandberms w/ biotech stabilization to allow more dynamics
and complexity as the sand moves down river.

Construct rock groins to modify river-floodplain geometry

Open barrier islands - create channel, induce delta formation into
open BW areas

Temporarily isolate and draw down contiguous backwaters

Notch levees

Set back levees

Remove levees

Increase water levels to modify river-floodplain geometry

Increase floodplain terrestrial area by acquiring land.

Reduce delta formation

Construct hard points in floodplain (scour points)

Excavate floodplain potholes

Blast floodplain potholes

Excavate depressions in floodplain to create wetlands

Construct and manage floodplain areas for moist soil vegetation

Place dredged material in floodplain to create ridge and swale
topography

Construct rock shoreline revetment

Grading, vegetation planting

Incorporate woody debris into bank protection

Construct rock off-shore revetments

Construct submerged rock vanes
Modify aquatic habitat - hydraulic conditions
Create shallow rock and gravel riffle areas

Remove or modify wing dams to modify hydraulic conditions in
aquatic habitat.

Create riffle habitat through dam embankments

Incorporate woody debris into secondary and small channels

Modify flow distribution through dam gates - tailwater habitat

Restore flow and geometry of secondary channels

Restrict flow to secondary channels

Adjust introduced flow into backwater areas - winter habitat

Restrict flow into contiguous backwaters

Divert flow of sediment laden water away from backwaters

Construct sediment traps on tributaries to protect backwater areas

Construct submerged sills to control flow into backwater areas

System-scale or multiple pool drawdowns

Drawdown management units

Drawdown isolated backwaters

Isolate and drawdown contiguous backwaters

Create and maintain fishless aquatic areas (e.g., potholes, ephemeral
ponds)

Increase connectivity between channels and floodplain

Acquire real estate rights, restore water to leveed floodplain areas

Restore flow to isolated backwater areas

Create habitat corridors for floodplain terrestrial wildlife

Construct managed wetland units that fish can use

Install water control structures in navigation dam embankments to
introduce flow to isolated backwaters.

Increase longitudinal connectivity of rivers

1({2(3|4|5(|6]|7]|8]|9]|10(IL1ILZ

UMR Basin

Ongoing

38

38

38

Un/under funde

and Funding

to Date

38




River management actions on the UMRS.

Coordinating Agency

Management Actions Responsible Frequency of Existing -and Potential | |Areas of Application Existing Existing Need Not
Agency Application Geomorphic River Reach Throughout Authority Authority Authority Attempted
USCG |USFWS |USGS [USDA FEMA | EPA |States Local Daily [1to6/yr| 1/yr [1in2-10+yr|1(2|3|4|(5|6| 78] 9/|10(IL1|IL2] UMR Basin Ongoing Pn/under funde{ and Funding to Date
Build fishways at mainstem dams 25,26,38

Remove dams on tributaries

Build fishways on tributary dams

Lower embankments and spillways

Flood Damage Reduction, Floodplain Management

Construct levees

Maintain levees

Construct flood walls

Maintain flood walls

Construct pump stations

Maintain pump stations

Use floodplain areas for floodwater storage

Set back levees to reduce flood stages

Remove levees to reduce flood stages

Controlled floodways

Floodproof essential floodplain infrastructure

Move vulnerable infrastructure to high ground

Prohibit further development in structurally protected floodplain

Restrict development in floodways

Acquire real estate rights, restore water to leveed floodplain areas

Grow perennial flood tolerant crops in floodplain

Watershed and Water Quality Management in UMR Basin

FEMA, States,

States, USDA, 22

Assess water quality and watershed conditions

Conservation tillage

Contour farming, terraces

Grassed waterways

Riparian buffer strips

Establish perennial cover, crops

Conservation set-aside

Construct, maintain small impoundments

Restore drained lakes, wetland areas

Water and sediment control basins

Construct tributary reservoirs

Wetland restoration to increase infiltration

Stabilize eroding ravines

Erosion control structures along intermittent streams

Restore stream channels, floodplain areas

Establish hydrologic objectives for tributaries

Restore hydrologic regime in tributaries

Modify operation of tributary dams to naturalize hydrologic regime

Modify operation of tributary hydro dams to run-of-river

Urban stormwater management practices

Construction site erosion prevention practices

Increase pervious surface in developed areas

Increase water onto floodplains, denitrification

Upgrade municipal waste treatment systems

Re-use industrial wastes into products

Upgrade industrial waste pre-treatment systems

Create wetlands to treat storm water

I|]I] |

Eliminate phosphorus in lawn fertilizer

Dechannelize tributaries

Regulate discharge of pollutants from point sources (NPDES)

Regulate and provide incentives for implementation of BMPs (non-
point TMDLSs)

Maintain buffer strips for regulating runoff and erosion control

Prevent farm animal access to river to control erosion and 'runoff' into
river

Install feedlot runoff controls.

Regulate communities on runoff.




Appendix F

Ecological Endpoints

to Evaluate Upper Mississippi
River — lllinois Waterway
Management Actions

and Objectives

Proposed Endpoints and Measures..........ccoecverierienienieeieeieeieesee st

BIOTA: Abundance of Asian Carps.......cccceeeeveeervieecrieerireenveeereeesveesveens
BIOTA: Population of Lake Sturgeon ...........cceceevvverieneeniieniencieeeeeenees
BIOTA: Abundance of Waterfowl..........ccccoeeciiieiiiinciiiiiceece e
BIOTA: Neotropical Migrant Birds..........ccccceuiieeiienciieiiiiecieeeiee e
BIOTA: Freshwater Mussel Populations............ccccceeveveeeveenieeneeneeseesenenenn.
BIOTA: Mast Tree POpulations............cceeeveveieerieereerieenieneeneeeveereeeeeeens
BIOGEOCHEMISTRY: Water Quality Criteria .........cccceeveveeecreeerveesnennns
BIOGEOCHEMISTRY: Nutrient Concentrations in Water........................
BIOGEOCHEMISTRY: Contaminated Sediments ............cccccevevrevrenennne.
BIOGEOCHEMISTRY:: Fine Sediment Entering the System....................
GEOMORPHOLOGY:: Topographic Connections............ccceeevveerveeenveenne.
GEOMORPHOLOGY:: Topographic Variability ..........cccccceeevererrncreerreennen.
GEOMORPHOLOGY:: Rates of Bank Erosion............cccccceeevveeeveeenneennne.
HYDROLOGY & HYDRAULICS: Water Levels Below Dams ...............
HYDROLOGY & HYDRAULICS: Water Levels During Growing
SEASOM ...ttt sttt et
HYDROLOGY & HYDRAULICS: Pool Stage During Winter.................
HYDROLOGY & HYDRAULICS: Dam Operations............cccecverevererennne.
HABITAT: Aquatic Vegetation in Shallow Lentic Waters...........c..cc........
HABITAT: Natural Terrestrial Habitat on Floodplain .........c...ccecceeeenenne.
HABITAT: Special AqQUatiC SiteS.......cccevverercrieiiiieeriieeriieeieeesieeesveeeveeenns
HABITAT: Islands With Natural Habitats ...........ccccceeeerineenenieeeenee.
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Proposed Endpoints and Measures
BIOTA: Abundance of Asian Carps

Endpoint Definition. Maintain the current low numbers of Asian Carp
(Cyprinidae spp.) north of Pool 19 in the Upper Mississippi River. Current carp
species from Asia in the system are: grass carp (Cttenopharyngodon idella),
bighead carp (Hypophthalmichthys nobilis), silver carp (Hypophthalmichthys
molitrix), and black carp (Mylopharyngodon piceus).

Policy and Management Relevance. Exotic and invasive species can have
profound undesirable effects on ecosystems and natural resources of direct
human use. Common carp (a European exotic species) have been present in the
UMR - IWW for more than a century, and are one of the most abundant aquatic
species. Other more recent exotics have caused significant ecological and eco-
nomic consequences. Minimizing exotic species impacts is a significant concern
of natural resource agencies, biologists, commercial fishermen, sportsmen, and
municipal and industrial plant managers. Limiting further expansion of exotic
species and the emergence of new species is a broadly supported environmental
management objective.

Technical Merit. Exotic species interactions with native species has been a
leading cause of extinctions, food web disruption, and shifts in community com-
position. Exotic species have also caused large alterations of the physical
environment (e.g., sediment resuspension by common carp feeding), increased
water clarity (zebra mussel filter feeding), and restructuring of whole ecosystems
(littoral to pelagic dominance). The record of predicting which species may be
introduced and which might attain nuisance levels has been poor. Many ecologi-
cal and economic consequences of these species had not been anticipated, but
may not have been avoidable regardless. The choice of a group of Asian carps
represents the pervasiveness of exotic species in the system, and their potential
effects on the ecosystem. This group of fish includes a herbivore, two
plantiviores, and a molluscivore, respectively, capturing a broad range of
connections to the natural river system food web.

Practicality. The Asian carps are large and relatively long-lived fish that can
occupy a wide range of lotic and lentic habitats and traverse distances as large as
the UMRS. These fish can now be considered permanent inhabitants within the
Mississippi River basin. The fish occur commonly in routine fishery sampling in
the Lower Illinois, Middle Mississippi, and Lower Pooled Reaches of the Upper
Mississippi River. They have achieved nuisance status in the catch of commercial
fishermen.

Measures. (1) Annual number of confirmed range expansions in the system;
(2) Catch per unit effort in standardized fishery monitoring sampling where
established.
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BIOTA: Population of Lake Sturgeon

Endpoint Definition. Maintain a viable population of lake sturgeon
(Acipenser fulvescens) in the upper Mississippi River system.

Policy and Management Relevance. The lake sturgeon is formally recog-
nized as a species of concern in some states, and it is a highly managed species
due to its past and present value in the commercial fishery. The state of Missouri
stocks lake sturgeon. Limited sport harvest of this fish is allowed in the region,
and public interest is high because of the atypical nature of these fish. The end-
point of having a population of this fish in the upper Mississippi River system is
clear and easily recognized by the public.

Technical Merit. Lake sturgeon are members of the rheophilic guild of large
river fishes. This species and other large river rheophilic fish occupy main and
side channel habitats with deep water and often strong current. Lake sturgeon
require access to long stretches of river since migrations to spawning, rearing,
and overwintering habitats can be extensive. Spawning conditions can be restric-
tive since hard substrates free of sediment accumulations are used. Population
threats include migration barriers posed by dam and navigation structures, power
plant cooling water impingement and entrainment, overexploitation, degradation
of spawning habitats, and direct impact of ship propellers. Consequently, the
continued presence of this species in the system requires uninterrupted access to
extensive river reaches and availability of clean rock substrate in deep channel
waters.

Practicality. Lake sturgeon are rarely seen or captured by sport fishermen or
the public, and there are sparse records of the fish in the long-term monitoring of
the U.S. Geological Survey. However, the presence of the fish, especially young
individuals, indicates the persistence of a population. Commercial fishermen are
able to collect them in higher abundance during certain river conditions and times
of year. Sighting information can be readily collected from the commercial catch
and routine fish monitoring.

Measures. (1) Number of captures in monitoring and research programs;
(2) Number of captures by commercial fishermen; (3) Number stocked and
recapture rate and location.

BIOTA: Abundance of Waterfowl

Endpoint definition. Increase the overall abundance of waterfowl using
habitats of the UMR — IWW above current levels.

Policy and Management Relevance. The UMR — IWW is critical to migra-
tory waterfowl of the United States because more than 40 percent of this national
resource relies heavily on UMR — IWW wetlands and aquatic habitats. Migratory
waterfowl have been in decline in the UMR — IWW since the 1950s, and they are
the focus of local, national, and international wildlife management programs.
Finally, these birds support important seasonal recreational harvest and wildlife
observation.
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Technical Merit. The UMR — IWW supports spring and fall concentrations
of ducks that feed on plants and invertebrates in or on aquatic substrates. Both
diving (e.g., canvasback, Aythya valisneria; lesser scaup, Aythya marila; greater
scaup, Athya affinis) and dabbling ducks (e.g., mallard, Anas platyrhynchos;
blue-wing teal, Anas discors) are supported. Waterfowl species occur sporad-
ically in a wide range of shallow-water habitats, but food availability is highest
and most easily obtained in clear, vegetated waters in protected areas and
backwaters. Seasonal abundance indicates the prevalence and productivity of
preferred habitats.

Practicality. Waterfowl are being monitored using standard census methods.
Many factors external to the UMR — IWW affect waterfowl numbers but patterns
of abundance related to habitat conditions within the UMR — IWW are apparent.
Losses of waterfowl below current levels could be caused by external factors but
this would remain a loss to an important and publicly noted UMR — IWW
resource.

Measures. (1) Use-days during migration period; (2) Nest counts;
(3) Transect sampling counts in select habitats or managed areas.

BIOTA: Neotropical Migrant Birds

Endpoint Definition. Increase the total numbers of neotropical migrant
birds, especially rare conservation priority species.

Policy and Management Relevance. Neotropical migrant birds are a
Federal trust resource, protected by the Migratory Bird Treaty Act. Numerous
agency and non-government organization efforts are directed at the conservation
of all birds, including shorebirds, waterfowl, raptors, and migrant and resident
landbirds. The National Refuge System units on the UMR — IWW were
established with migratory bird consideration in their authorizing language. The
USFWS established the Breeding Bird Survey (BBS) to monitor trends in bird
populations, and many organizations and individuals participate in annual
Christmas bird counts. Region 3 of the USFWS has prepared a list of songbirds
that include 17 neotropical migrants as conservation priorities due to rare or
declining trends.

Technical Merit. Birds exhibit numerous traits that make them good eco-
logical indicators at regional and national scales. Across the 17 species identified
as conservation priorities, the extent and condition of HNA habitat classes of
bottomland forest, marsh/wet meadow, grassland, and scrub-shrub habitat would
be indicative of their potential UMR — IWW habitat.

Practicality. Although birds are attractive as ecological indicators because
they can be readily sampled and their taxonomy is well-known, habitat-specific
data on the occurrence and relative abundance of most non-waterfowl bird
species are not yet available for most areas on the Mississippi River. However,
data sets exist with the U.S. Army Corps of Engineers, the states, and the
U.S. Geological Survey that remain to be analyzed. Standardized survey routes
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and point counts specific to riverine and floodplain habitats would be needed to
supplement available data for the region.

Measures. Numbers and nesting success estimates for selected species, as
guild representatives, for selected habitats.

BIOTA: Freshwater Mussel Populations

Endpoint Definition. Increase freshwater mussel abundance and species
diversity to maintain viable populations of native fauna.

Policy and Management Relevance. Freshwater mussel abundance is
directly related to societal goals for healthy biotic communities, good water
quality, and aquatic habitat improvement articulated in recent public surveys
(HNA & LTRM). About 40 percent of the UMR — IWW native species have
been extirpated and 20 percent of the remaining species are at risk of extinction.
Two remaining species are listed as Federally endangered.

Technical Merit. Mussels are good indicators of ecosystem health because
they are relatively long-lived and sessile, and depend on good water quality and
physical habitat. Adult mussels are eaten by muskrats, otters, and raccoons;
young mussels are eaten by ducks, wading birds, and fish. Freshwater mussel
populations are under stress throughout most of their range from poor water
quality, habitat degradation, overharvest, and recently, the exotic and invasive
zebra mussel. Additional threats are posed by other unintentionally introduced
species such as the black carp, a molluscivore, which is being evaluated by the
aquaculture industry to control snail populations in ponds.

Practicality. Quantitative mussel survey techniques have improved with
technology and diving surveys are now routine for the research and consulting
community for dredging and other development activities. Other methods to
detect freshwater mussels such as hydroacoustics are improving and may help
focus more expensive dive surveys. Size distribution, abundance, and diversity
metrics are commonly reported across researchers, and an Upper Mississippi
River Mussel Coordination Team has recently been established to promote and
pursue a comprehensive monitoring program.

Measures. (1) Mussel beds per river reach (to be defined); (2) Number of
species per bed; (3) Density of mussels in beds.

BIOTA: Mast Tree Populations

Endpoint Definition. Increase forest species composition and diversity by
reestablishing the once prominent mast species component of the forest
community.

Policy and Management Relevance. The floodplain forests of the UMR —

IWW are currently dominated by mixed silver maple communities that occur in
even aged stands between 50 and 70 years old, whereas historic records indicate
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forests were formerly more diverse in species and age composition. There is
limited regeneration of silver maple or other trees. Mast-producing tree com-
munities occur on less than 10 percent of the UMR — IWW floodplain. Currently,
the Corps retains forest management authority on all project lands including
those subject to the successive Cooperative Agreement between the U.S. Fish
and Wildlife Service and the States on General Plan Lands. The USFWS is
responsible for forest management on other Federal lands. The primary focus of
UMR - IWW forestry programs is to enhance wildlife habitat. Forest manage-
ment programs are reviewed annually by interested agencies and stakeholders.
Also, two goals supported by UMR — IWW stakeholders are to (1) maintain
viable populations of native species in situ; and (2) represent all native ecosystem
types across their natural range of variation.

Technical Merit. Hard mast such as acorns, pecans, and hickory nuts are
important food sources for wood duck, mallard, squirrel, deer, beaver, blue jay,
and other wildlife. Mast-producing trees commonly refer to oaks, pecan, hack-
berry, walnut, and hickory, some of which provide species-specific benefit to
migrant landbirds. With alternative growth forms to the dominant silver maple,
these trees provide structural diversity in the forest canopy.

Practicality. Forests have been monitored under the Long Term Resource
Monitoring Program component of the Environmental Management Program.
The Corps of Engineers also supports forest inventory activities in the St. Paul
and Rock Island Districts. The status of forest inventory and monitoring on state
and private lands in the floodplain is unknown. Establishment of additional moni-
toring plots, restoration of transect monitoring under LTRM, or other approaches
should be straightforward if necessary to design, estimate, and implement.

Measures. (1) Forest community composition; (2) Importance value of mast
trees; (3) Regeneration indices.

BIOGEOCHEMISTRY: Water Quality Criteria

Endpoint Definition. Achieve and maintain compliance with prevailing
water quality criteria at all times and places in the UMR — IWW. Prevailing cri-
teria will be those applicable to a location despite variations among state criteria.

Policy and Management Relevance. Compliance with state water quality
criteria is a regulatory requirement, but in certain instances requirements are
reduced or waived. Also, in practice, waters out of compliance often cannot be
attributed to any one cause, which may complicate identifying and correcting
problems. Major public investments in municipal waste treatment and private
treatment of industrial waste have resulted in large improvements in water
quality in many river reaches. However, non-point nutrient and chemical inputs
continue to degrade water quality across the UMR — IWW, and several govern-
ment programs are now targeting funds for agricultural practices that reduce
nutrient and chemical inputs to waterways.
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Technical Merit. Standard methods for water sampling and testing are avail-
able, and sources of most pollutants are known. Point and non-point source
control practices are well-known for most types of pollutants.

Practicality. Water quality assessment and monitoring are widespread and
routine environmental management activities in the United States. States and the
U.S. Environmental Protection Agency maintain a central database for water
quality data (STORET), and the U.S. Geological Survey regularly collects and
archives water quality data (WATSTORE). Consequently, assessing status via
water quality is routine and historical data will be available for assessing trends.

Measures. (1) Percent observations not meeting quality criteria in a fixed
series of annual water samples; (2) Number of occasions and locations observed
to be out of compliance in a year.

BIOGEOCHEMISTRY: Nutrient Concentrations in Water

Endpoint Definition. Low water concentrations of nitrogen and phosphorus
measured as nitrate nitrogen less than 1 mg/l and phosphorus less than 0.1 mg/1.

Policy and Management Relevance. Elevated nutrient concentrations result
in problematic algae and plant growth, high algal turbidity, and the potential for
oxygen and nutrient toxicity stress to aquatic life. Stakeholder objectives reported
in DeHaan et al. (2003) regularly desired bottom visibility of 1 m or more,
making low nutrient concentrations necessary. The primary nutrients of concern
are nitrogen and phosphorus coming from agricultural and urban land runoff, and
stakeholder workshops commonly indicated an interest in reducing runoff inputs
to the UMR — IWW by 25 percent. These public interests suggest nutrient con-
centration in a range that would be considered low in the United States.

Technical Merit. Smith et al. (1993) use a nitrate concentration of 1 mg/L N
as indicative of agricultural and urban runoff effects. Using STORET and
WATSTORE databases, Smith et al. (1987) estimated that the middle 50 percent
of U.S. waters range in nitrate from 0.20 to 0.89 (median 0.41) mg/L. A low
concentration of 1 mg/l N would be achieved by more than 75 percent of U.S.
waters, indicating this water concentration should be attainable for most waters
of the UMR — IWW in time. In fresh waters, phosphorus is most commonly the
critical nutrient relative to problematic algae or plant growth. The U.S. Environ-
mental Protection Agency specifies that phosphorus concentrations remain under
0.1 mg/L to prevent excessive algae and plant growths in flowing waters. Smith
et al. (1987) computed that the middle 50 percent of U.S. waters ranged in phos-
phorus from 0.6 to 0.29 mg/L (median 0.13) in the 1970s with stable or declining
concentrations since that time (Lettenmaier et al. 1991, Smith et al. 1993). There-
fore, most U.S. waters exceed the low concentration given here as an endpoint,
suggesting this will be a challenging water quality objective for the UMRS.

Practicality. Nutrient measurement and monitoring are widespread and

routine environmental management activities in the United States. Standard
methods for water sampling and testing are available. Point and non-point source
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control practices are well-known for nutrients although major inputs to the
UMR - IWW would be expected from lands well outside the area.

Measures. (1) Percent observations not meeting low concentration criteria in
a fixed series of annual water samples; (2) Number of occasions and locations
observed to be high in a year.

BIOGEOCHEMISTRY: Contaminated Sediments

Endpoint Definition. Evaluate the chemical constituents and their concen-
tration, toxicity, and mobility in contaminated sediments and apply BMPs to
manage them.

Policy and Management Relevance. The Clean Water Act and the
Comprehensive Environmental Response, Compensation, and Liability Act, and
their implementing regulations, including State regulations, reflect national and
regional policy to identify, investigate, remediate, or otherwise manage contami-
nants released into the environment. Contaminant releases can lead to contami-
nated sediment problems (USEPA 1997). Fish consumption advisories have been
issued by each of the five UMR — IWW border states for the Mississippi and
Illinois Rivers in part as a result of exposure to contaminants associated with
sediments (USEPA 1992).

Technical Merit. Contaminated sediments can cause human, fish, and wild-
life health problems (Colburn et al. 1996), and may also contribute to economic
losses. Health problems include mortality by acute toxicity or cancer, physiologi-
cal dysfunction and altered reproductive success by chronic exposure (Barnett et
al. 1984, Coffey et al. 2000). Some fish advisories are associated with locations
with fine sediments known to be contaminated with polychlorinated biphenyls
(PCBs), hydrocarbon compounds, or heavy metals such as mercury. These
contaminants enter biological pathways via direct ingestion of sediments by
filter-feeding organisms, ingestion of contaminated food items, or release of
contaminants to the water column. Isolating, stabilizing, or removing contami-
nated sediments would reduce or eliminate the availability of their toxic constitu-
ents to the UMR-IWW food chain. Well-known contaminant “hot spots” are
located near some of the larger municipalities in the region.

Practicality. Common techniques and established scientific protocols exist
for monitoring contaminant concentrations in sediment and fish tissue, water
quality, and health biomarkers such as endocrine disruption. The regulations for
Natural Resource Damage Assessment Regulations (Department of Interior 43
CFR Part 11, as amended by 61 CFR 20559) provide a phased assessment
process to determine if, to what degree, and through what mechanism injuries to
natural resources have occurred. This or a similar process could be used to screen
and prioritize locations and site-specific actions to manage contaminated sedi-
ments in the Mississippi River system.

Measures. (1) Reduction or elimination of selected contaminant levels in
indicator fish species tissues; (2) Reduction or elimination of anomalies in
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indicator fish species health metrics (e.g., intersex sturgeon in the Middle
Mississippi River).

BIOGEOCHEMISTRY: Fine Sediment Entering the System

Endpoint Definition. Reductions in fine sediment loading to the UMR —
IWW from current levels.

Policy and Management Relevance. Fine sediments that are easily resus-
pended by wave and boat action result in highly turbid water that reduces the
occurrence and extent of desirable aquatic plants; produces unstable sediments of
low value for invertebrates; and adds inorganic material to the water, interfering
with filter feeding organisms like mussels and mayflies. Clear waters, submerged
aquatic plants, and benthic productivity supporting fish and waterfowl rank high
in sentiments recorded in stakeholder workshops reported in DeHaan et al.
(2003). Minimizing the prevalence of fine sediment in the system would con-
tribute to these aims.

Technical Merit. Fine silts and clay are easily transported downstream
through tributary streams to the mainstem Illinois and Mississippi Rivers, where
they settle in slow-flowing backwaters and secondary channels. In many loca-
tions these fine sediments are readily resuspended in windswept backwaters and
impoundments or where boat activity disturbs the sediment. If current sediment
delivery rates are maintained, sediment resuspension rates will remain high.
Suspended sediment input to the river system can be accurately measured with
available data on larger tributaries. While the precise upland sources and
mainstem disturbance and transport dynamics of fine sediment are complex, the
fate and impacts of fine sediment suspension and deposition are understood.

Practicality. Standard methods for measuring suspended sediment in water
are available, and indirect measures (Secchis disk readings, turbidity meters) can
be used once relations with fine sediment concentrations are established. Rele-
vant time series data are available from the LTRMP and likely in the STORET
and WATSTORE databases. Methods for reducing sediment yield from agricul-
tural and urban lands are well-known, and estimated benefits in sediment yield
per unit land are available. However, fine sediment input to the UMR — IWW is
diffuse, so promoting low inputs will be difficult.

Measures. (1) Estimated annual loading from tributary discharge and water
sample data; (2) Measurements from sediment traps in standardized locations;
(3) Wind fetch and duration models; (4) Sediment resuspention models;

(5) Substrate typing.

GEOMORPHOLOGY: Topographic Connections
Endpoint Definition. Optimize topographic connections between back-

waters, floodplain, and the main channel, consistent with natural processes and
variability.
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Policy and Management Relevance. This statement reflects stakeholders’
opinions that aquatic connections and aquatic habitat conditions just after pool
closure were desirable in the context of the currently degraded managed system.
Floodplain isolation is an increasingly prominent problem in a southern direction
from Rock Island, Illinois. The endpoint would contribute to desired hydrologic,
physical habitat, and biogeochemical aspects of backwaters, floodplain, and other
off-channel water bodies.

Technical Merit. This endpoint addresses specific aspects of topographic
variability that would conduct surface water between parts of the UMR — IWW
ecosystem. Topographic connections are channel-like features characterized by
width, depth, orientation, elevation, and adjacency to desired habitats. The spatial
characteristics of the channels determine which areas are connected to the main
channel at which discharges. Topographic connections include features that
connect backwaters to the main channel, and the floodplain to the main channel.
Such connections are necessary to maintain fluxes of water, sediment, energy,
and biota among parts of the river-corridor ecosystem.

Practicality. The endpoint is practical to the extent that it is deemed afford-
able by stakeholders and society to restore. The endpoint is not physically
sustainable without engineering intervention to dredge and maintain the topo-
graphic connecting features. The engineering techniques for dredging and exca-
vating connections are well-known; increased topographic connections may be
achieved using the same engineering techniques employed to increase topo-
graphic variability. System-wide topographic data collection has long been
desired, but it has been impractical using traditional methods. More practical
remote sensing tools have been tested, but their current cost at the scale of the
entire UMR — IWW is prohibitive.

Measures. Progress on the endpoint requires measurement of the
topographic/bathymetric change in project areas as channels are excavated
combined with understanding of the magnitude and frequency of discharge that
will be conducted by the channels. Evaluation will require monitored cross
sections and/or continuous high-resolution bathymetric and topographic mapping
related to water-surface elevations, and compared to similar early post-closure
datasets (if they exist).

GEOMORPHOLOGY: Topographic Variability

Endpoint Definition. Increased topographic variability within the channel
and floodplain, consistent with natural processes and variability including
islands, backwaters, and floodplain ridge and swale topography.

Policy and Management Relevance. This endpoint reflects the strong belief
by stakeholders that the ridge/swale topography that existed shortly after the
closing of the navigation pools produced a highly desirable suite of physical
habitats, including a large number of islands and backwaters. Loss of topographic
variability since pool closure has been the inevitable result of pooling of the
system and disturbance of the sediment budget; hence, this endpoint cannot be
considered physically sustainable without human intervention. Sustainability can
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only be accomplished through investment in active engineering to redistribute
sediment from low points to high points and to harden the topography to prevent
continued deterioration and redistribution.

Technical Merit. The availability of physical aquatic habitat is controlled by
hydrologic factors and topographic factors. The two combine to form the
hydroscape, the temporal and spatial distribution of depth, velocity, and sub-
strate. Topographic variability, including sub-aerial and sub-aqueous parts of the
landscape, is a fundamental measure of the geomorphic and habitat potential of a
landscape.

Practicality. The endpoint is practical to the extent that it is deemed afford-
able by stakeholders and society. The engineering techniques for dredging and
island construction exist and are well-documented; some topographic variability
may also be achieved by water-level management techniques to consolidate loose
sediment in backwaters. Floodplain habitat treatments can be coordinated with
channel maintenance activities.

Measures. The endpoint can be measured by comparing planform maps of
the managed ecosystem with post-closure maps to evaluate island and backwater
spatial characteristics. Evaluation of topographic variability in the vertical dimen-
sion will require monitored cross sections, continuous high-resolution bathy-
metric mapping, and/or continuous high-resolution flood-plain elevation data that
can be compared to similar early post-closure datasets (if they exist). Variability
can be assessed through a large number of spatial metrics.

GEOMORPHOLOGY: Rates of Bank Erosion

Endpoint Definition. Bank erosion processes that are permitted to form
important micro-habitats and topographic diversity in locations where bank
erosion does not threaten infrastructure or critical habitats.

Policy and Management Relevance. This endpoint addresses the concern
that bank erosion leads to loss of terrestrial habitat, threatens land and infra-
structure, and contributes to loss of topographic variability (i.e., island erosion).
The endpoint recognizes that bank erosion is a natural process of rivers, and
contributes to topographic variability and rejuvenation of aquatic and terrestrial
habitats. On a highly managed river, however, bank erosion can be accelerated
by riparian land use, navigation, recreational boating, and wind-driven waves,
thereby threatening infrastructure and engineered habitats. The rate of bank
erosion and allowable locations therefore need to be controlled to maximize
contribution to ecological processes and minimize economic loss. The endpoint
is highly related to policy requirements to minimize loss of private land and risk
to infrastructure. The endpoint also addresses sustainability of engineered
habitats like artificial islands.

Technical Merit. Bank erosion risks to infrastructure are evident. Ecological
benefits of bank erosion accrue where bank erosion is balanced by deposition of
new terrestrial or aquatic habitat. These sites provide for frequent hydrologic
connection to vegetated areas and new sites for primary succession. Erosional
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sites provide steep, concave-up and overhanging banks, and deliver large woody
debris to the channel. The engineering challenge is to accommodate this low
level of dynamic instability within a system managed overall for stability.

Practicality. Techniques to stabilize banks using hard-rock structures are
well-established; techniques to control a slow rate of bank erosion are less well-
established but worth exploring. Approaches to identifying optimal sites for
stabilization and bank erosion are available.

Measures. (1) Surveyed or photogrammetric maps and topographic cross
sections to measure plan form erosion rates; (2) Bathymetric/topographic maps to
document and evaluate topographic variability resulting from dynamic bank
erosion.

HYDROLOGY & HYDRAULICS: Water Levels Below Dams

Endpoint Definition. Achieve more gradual fluctuations in water levels
immediately downstream of dams caused by changes in discharge rates, gate
designs, and hydropower peaking operation.

Policy and Management Relevance. Rapid fluctuations in water levels and
current velocity downstream of dams often occur much faster than natural river
flow changes. Rapid river flow changes impact shallow-water aquatic life, wet-
land and marginal plant communities, and human river uses along shorelines and
in boats.

Technical Merit. Rapid water level changes in rivers downstream of dams
have a significant biotic impact associated with quickly changing habitat condi-
tions. Organisms can be trapped by fast dewatering, displaced by abrupt
increases in velocities, and exposed by predation by quickly deepening water
depths. Impacts caused by rapid flow fluctuations are commonly associated with
hydroelectric dams but all variable release dams can cause rapid fluctuations in
tailwaters.

Practicality. Rapid water level changes are often mitigated by changing gate
settings gradually (ramping) and coordinating river-wide release rates to avoid
the need for fast dam release changes. Dam facilities may need to be modified
and automated for greater control of water release rates. Dam releases are
routinely monitored by facility operators and commonly reflected in downstream
river gauges.

Measures. (1) Moving variance of 15-min stage measurements at select
dams; (2) Variance in river gauge measurements in downstream reaches.

HYDROLOGY & HYDRAULICS: Water Levels During Growing Season

Endpoint Definition. Provide low-water periods during the growing season
to restore aquatic vegetation.
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Policy and Management Relevance. This objective has been pursued in all
UMR Corps of Engineers Districts in response to the following goals supported
by UMR-IWW stakeholders: (1)maintain viable populations of native species in
situ; and (2) represent all native ecosystem types across their natural range of
variation. Although the Corps manages water levels primarily to benefit
commercial navigation, the Fish and Wildlife Coordination Act (F&WCA)
requires them to operate the pools as though navigation occurred year-round
above Rock Island. This is colloquially referred to as the “Anti-drawdown law,”
and has been applied throughout the Rock Island and St. Paul Districts. It was
added as an amendment to the F&WCA to protect denning furbearers and
overwintering fish. At the recent request of partner agencies, the Corps has
adopted experimental drawdowns within authorized pool operating bands and
slightly below those bands following NEPA compliance and agency approval to
enhance germination of emergent aquatic plants.

Technical Merit. Recreation or simulation of growing season stage-
discharge relationships conducive to sediment exposure, oxidation, compaction,
and moist soil plant germination results in increased resistance of those sedi-
ments to resuspension following inundation, thereby increasing water clarity and
light penetration beneficial to aquatic plants, both submersed and emergent.
Aquatic vegetation abundance and diversity are critical to the system’s value to
fish and migratory birds.

Practicality. Water level management is a common practice on reservoir
systems and wetland management units to alter and control species composition
of plant, invertebrate, and vertebrate communities beneficial to desirable wetland
assemblages. It has been successfully practiced at several spatial scales on the
UMR — IWW. 1t is also relatively easy to monitor using field and remote sensing
techniques.

Measures. (1) Areal distribution of aquatic plants; (2) Species composition
in plant beds.

HYDROLOGY & HYDRAULICS: Pool Stage During Winter

Endpoint Definition. For each pool, winter water surface elevation that is
relatively high but practical to maintain should be identified as a target stage to
improve fish habitat.

Policy and Management Relevance. Agency resource managers classified
deep backwaters used by fish for overwintering as the most threatened type of
habitat in the UMR — IWW in the workshop series reported by Theiling et al.
(2000). Quality fish overwintering habitats are quiet waters that are deep enough
to maintain adequate oxygen levels under prolonged ice cover. The accessibility
of these habitats to fish in winter can be limited by ice cover in shallow channel
and connecting waters. Raising winter stage will deepen both backwaters and
channels, and it will also increase the volume of off-channel habitats for fish
overwintering.
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Technical Merit. Winter ice cover often restricts fish and water movements
between the river channel, side channels, and floodplain water bodies because ice
can reach 1 m in thickness. Thick ice cover also limits oxygen input to the water,
and when snow-covered, there is little or no oxygen production by photosynthe-
sis by plants and algae. With prolonged ice and snow cover, organic material
decomposition can reduce dissolved oxygen levels to near zero causing direct
fish mortality (known as winterkill; Theiling et al. (2000)). Maintaining water
movement through side channels and connecting waters minimizes stressful
water conditions under snow cover, and open water passages allow fish move-
ments (West Consultants, Inc. 2000). Sedimentation has reduced water depths in
off-channel habitats in many reaches of the UMRS, especially the southern
portion of the Mississippi River and the Illinois River. High pool stage will
mitigate the loss of floodplain water depths and help maintain connections.

Practicality. This endpoint is specifically defined to be practical; that is,
striving for high winter water levels within a range compatible with water
supplies and other river uses. The feasibility of monitoring pool stage is clear
since data of this type are already being collected in a routine manner.

Measures. (1) Percent daily observations meeting a specified high stage
range; (2) Average winter water stage from daily recordings.

HYDROLOGY & HYDRAULICS: Dam Operations

Endpoint Definition. Allow natural resource managers to establish target
water regimes within constraints of the waterway system.

Policy and Management Relevance. Section 665a of the Fish and Wildlife
Coordination Act of 1958 directs the Department of the Army “...to give full
consideration and recognition to the needs of fish and other wildlife resources
and their habitat dependent on such waters,...” and to operate and maintain pool
levels between Rock Island, Illinois and Minneapolis, Minnesota “as though
navigation was carried on throughout the year.” The partner agencies on the
Upper Mississippi have used various coordination forums to engage alternative
water level management scenarios downstream of Rock Island as well, and in
1995 generated a fact sheet in pursuit of a Corps Continuing Authorities project
to relocate the navigation control point from mid-pool to the dam at Lock and
Dam 25. Inasmuch as this was a cost-shared project, the States of Missouri and
Illinois, as non-Federal sponsors clearly demonstrated their support for this
management activity.

Technical Merit. The Corps and its resource management agency partners
seek additional flexibility in dam operations to alter aquatic habitat features and
influence vegetation patterns beneficial to fish and wildlife. Approximately half
of the navigation pools on the UMR — IWW are managed at a “hinge point” as
opposed to a dam point. This mode of dam regulation necessitates untimely
drawdowns during moderate discharges. Objectives to increase flexibility have
been stated and studies have been completed to identify real estate and opera-
tional requirements to change operating modes.
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Practicality. This endpoint is, in essence, a land management and policy
feature, and fully within the scope of existing authorities for both navigation and
resource management. Limits to implementation are real estate issues, seepage
and increased drainage district pumping costs, and availability of cost share
sponsors where necessary, if pursued at full federal funding.

Measures. Performance measurements for this endpoint would be:
(1) Percentage of time each facility was controlled at either hinge or dam point
and the acreage of selected cover types achieved; (2) Percent time that a
particular function such as spawning or brood-rearing was achieved for a target
organism group or community.

HABITAT: Aquatic Vegetation in Shallow Lentic Waters

Endpoint Definition. Shallow and still waters should have aquatic vege-
tation present in easily detectable abundance.

Policy and Management Relevance. Vegetated habitats support key
ecological functions (e.g., primary productivity) and recreational resources,
especially sport fishes and waterfowl populations. Clear waters, submerged
aquatic plants, and benthic productivity supporting fish and waterfowl rank high
in sentiments recorded in stakeholder workshops reported in DeHaan et al.
(2003). Finally, absence of aquatic plants in shallow still waters will usually be
associated with some form of environmental degradation such as high turbidity,
unstable substrate, rapid erosion, and others.

Technical Merit. Prior to development of the navigation system, the area of
vegetated aquatic water was very limited (Green 1960) and mostly restricted to
the margins of backwater lakes and secondary channels. Although vegetated
waters remain a minor component of the total habitat area of the UMR — IWW
(Theiling et al. 2000), almost all shallow still waters should support aquatic
plants. Common impediments to aquatic plant presence and growth are high
turbidity from elevated sediment inputs, fine sediment deposits attributable to
elevated sedimentation, wind and wave erosion caused by open impounded
waters, and local eutrophication from elevated nutrient input.

Practicality. Management practices beneficial to aquatic vegetation growths
are among the most common actions in the UMRS: runoff input reduction, sedi-
ment stabilization, erosion control, turbidity reduction, water level management,
etc. In some locations there are also data and models to estimate the locations
where aquatic plants should be able to grow. Updates of habitat status can be
achieved with regular aerial photography and GIS processing.

Measures. (1) Portion of shallow lentic waters with aquatic vegetation;

(2) Ratio of vegetated and unvegetated habitat in representative shallow lentic
water.
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HABITAT: Natural Terrestrial Habitat on Floodplain

Endpoint Definition. Through protection or restoration, provide at least one
significant area of natural terrestrial floodplain habitat on each side of the main
channel in each pool.

Policy and Management Relevance. Terrestrial plant communities are an
important component of a large river floodplain ecosystem. As early as the
1850s, land use on the floodplains resulted in the large-scale conversion of forest,
prairie, and wetland communities into agricultural lands. Prairie grasslands and
hardwood forests (oaks and other mast-producing species) constituted a major
portion of the valley land area along the Mississippi and Illinois Rivers. These
habitat types support a high diversity of bird species, amphibian, and mammal
species (West Consultants, Inc. 2000). Natural floodplain plant communities also
serve as an important source of organic material for the aquatic food web at times
of flood flows. Finally, natural forest and prairie areas have high recreational
value of the UMR — IWW because they support direct uses such as wildlife
viewing, hiking, and hunting.

Technical Merit. Prairie grasslands and forest stands were a major com-
ponent of the pre-settlement floodplain landscape but they are not common
today. Inundation by impoundment, alteration within leveed zones, and conver-
sion to crops have largely eliminated natural dry and upland habitats. GIS analy-
ses of habitat distributions in the river valleys provide good data on current
locations and areas of terrestrial habitats on the floodplain. However, species
compositions within these habitats can be different from natural communities
(Theiling et al. 2000). Plant community types are responsive to local patterns of
soil moisture and flood frequency, and the influence of competing species,
especially invasive exotic plants. Analyses of pre-impoundment land cover
(Theiling et al. 2000) showed a common pattern of dense floodplain forests
bordering river channels and backwaters, and oak savannas and prairies between
aquatic habitats and upland bluffs in much of the river system. Fire was once an
important determinant of plant community composition in the more dry areas of
the system.

Practicality. Restoration and management practices are available to maintain
blocks of natural terrestrial plant communities. The availability of public land for
plant community management and restoration varies greatly by reach and pool.
However, limited blocks of natural plant communities can be developed by
working with local organizations and landowners.

Measures. (1) Number of pools with at least one significant area of natural
terrestrial floodplain habitat on each side of the main channel; (2) Land areas by
pool with natural terrestrial vegetation.

HABITAT: Special Aquatic Sites

Endpoint Definition. Protect and restore special aquatic sites such as mud,
sand, and gravel bars, and pool/riffle complexes.
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Policy and Management Relevance. This objective is supported by regu-
latory requirements of the Clean Water Act, and represents stakeholder recog-
nition of the habitat types necessary to support a variety of organisms and life
stages. It is directly tied to the stakeholder goal to represent all native ecosystem
types across their natural range of variation.

Technical Merit. Mudflats are important foraging areas for shorebirds. Sand
and gravel shallows provide spawning and early life stage fish habitat. Sand or
gravel islands provide critical nesting habitat for species of management concern,
such as the interior least tern. The navigation system was designed to overcome
pool/riffle features as navigation hazards, and they were subsequently reduced in
area and abundance to ensure safe, reliable navigation.

Practicality. There is substantial evidence that these habitats can be created
through common restoration practices. Monitoring changes in the areal extent of
specific habitat types as landcover classes is commonplace, as is measuring
temporal and spatial variability due to discharge stage.

Measures. Areal estimates of the maximum extent of and seasonal avail-
ability of special aquatic habitats.

HABITAT: Islands With Natural Habitats
Endpoint Definition. Protect, restore, or create islands.

Policy and Management Relevance. Island protection and restoration have
been actively pursued through the Environmental Management Program and
through the Corps’ Channel Maintenance Program. A direct effect of construc-
tion and operation of the navigation system, islands were wholly submerged by
impoundment or eroded away by wind and navigation-created wave action. This
objective supports the stakeholder goal to represent all native ecosystem types
across their natural range of variation.

Technical Merit. The prevailing principle behind island creation or restora-
tion has been to place fill on original island alignments. Most often these features
are desired in the lower ends of each pool. Island creation blocks wind and
reduces sediment resuspension, thereby increasing water clarity and light pene-
tration beneficial to aquatic plants, both submersed and emergent.

Practicality. Monitoring changes in the areal extent of specific habitat types
as landcover classes is commonplace. Temporal and spatial variability due to

discharge stage can be measured using hydraulic modeling or remote sensing.

Measures. Areal extent of islands and the landcover on them.
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