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1.0 INTRODUCTION

This document outlines the feasibility level monitoring and adaptive management plan for the
Louisiana Coastal Area (LCA) Medium Diversion at White Ditch project. The LCA Adaptive
Management Framework Team developed this monitoring and adaptive management plan with
assistance from the Project Delivery Team (PDT). This plan identifies and describes the
monitoring and adaptive management activities proposed for the Medium Diversion at White
Ditch Project and estimates their cost and duration. This plan will be further developed in the
preconstruction, engineering, and design (PED) phase as specific design details are made
available.

1.1 Authorization for Adaptive Management in the LCA Program

The LCA Ecosystem Restoration Study Chief’s Report (2005) states (for the 15 near-term
features aimed at addressing the critical restoration needs)

*“ ...the feasibility level of detail decision documents will identify specific sites, scales,
and adaptive management measures, and will optimize features and outputs necessary to
achieve the restoration objectives...to ensure that LCA ecosystem restoration objectives
are realized, monitoring and adaptive management must be a critical element of LCA
projects.”

Section 7003(a) of Water Resources Development Act of 2007 (WRDA 2007) stipulates:

“The Secretary may carry out a program for ecosystem restoration, Louisiana Coastal
Area, Louisiana, substantially in accordance with the report of the Chief of Engineers,
dated January 31, 2005.”

Additionally, Section 2039 of WRDA 2007 directs the Secretary of the Army to ensure that,
when conducting a feasibility study for a project (or component of a project) for ecosystem
restoration, the recommended project includes a plan for monitoring the success of the ecosystem
restoration. The implementation guidance for Section 2039, in the form of a CECW-PB Memo
dated 31 August 2009, also requires that an adaptive management plan be developed for all
ecosystem restoration projects.

At the programmatic level, knowledge gained from monitoring one project can be applied to
other projects. Opportunities for this type of adaptive management are common within the LCA,
Ecosystem Restoration Study (USACE 2004), which also builds upon lessons learned in other
related efforts such as the Coastal Wetlands Planning, Protection and Restoration Act
(CWPPRA). Oversight by the LCA Science and Technology (S&T) Program and the LCA
Adaptive Management Planning Team provides the basic structure to ensure that knowledge
gained is effectively shared across programs and projects.

1.2 Procedure for Drafting Adaptive Management Plans for LCA Projects

The U.S. Army Corps of Engineers, Mississippi Valley Division, New Orleans District (USACE
MVN), Louisiana Office of Coastal Protection and Restoration (OCPR), and the LCA S&T
Office collaborated to establish a general framework for adaptive management to be applied to
all LCA projects. The framework for adaptive management is consistent with the previously
mentioned implementation guidance, as well as with the guidance provided by the U.S. Fish and
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Wildlife Service (USFWS) and the National Oceanic and Atmospheric Administration's
(NOAA) "Auvailability of a Final Addendum to the Handbook for Habitat Conservation Planning
and Incidental Take Permitting Process” in Federal Register vol. 65, No. 106 35242. The LCA
adaptive management framework includes both a set-up phase (Figure 1) and an implementation
phase (Figure 2).

AM Set-up Phase

Assessment

Performance
Measures

&
Targets

AM Implementation Phase [Eompiotrsuccesa ]

Figure 2. Implementation Phase of the LCA Adaptive Management Framework.
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1.3 LCA Communication Structure for Implementation of Adaptive Management

To execute an adaptive management strategy for the LCA Ecosystem Restoration Study, a
communication structure has been identified (Figure 3). The structure establishes clear lines of
communication between LCA Program Management, an Adaptive Management Planning Team,
the S&T Program, PDTs and stakeholders. Successful implementation will require the right
resources being coupled at the right time to support the framework components.

Program
Management

Adaptive
Management
Team

v
v

; Science
Project S
Stakeholders | ¢=——=| Delivery < >
Technology
Teams
Program

Figure 3. LCA Communication Structure for Implementation of Adaptive Management.

As part of the LCA Program communication structure for implementation of adaptive
management (Figure 3), an LCA Adaptive Management Planning Team will be established. This
team will be led jointly by a Senior Planner from the USACE and a counterpart from the OCPR.
Other team members include USACE and State support staff and representatives from USFWS,
NOAA, Natural Resources Conservation Service (NRCS), and Louisiana Department of Wildlife
and Fisheries (LDWF). These members will be selected on the basis of their knowledge of
ecosystem restoration, coastal Louisiana ecosystems and adaptive management. Other resources
and expertise will be brought in as needed. This team will be responsible for recommending
project and program adaptive management actions to the LCA Management Team.

The LCA Science and Technology (S&T) Program was established by the USACE and the State
of Louisiana (the non-Federal sponsor) to effectively address coastal ecosystem restoration needs
and to provide a strategy, organizational structure, and process to facilitate integration of science
and technology into the adaptive management process. Under the Adaptive Management
Framework, there are five primary elements in the LCA S&T Program, and each element differs
in emphasis and requirements. These elements include: (1) science information needs, (2) data
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acquisition and monitoring, (3) modeling, (4) research, and (5) data management and reporting
(assessment).

Under the LCA S&T Program, an Assessment Team will be established. This team will be led by
the S&T Director and a representative of the U.S. Geological Survey (USGS) who will also
serve as direct liaisons between the S&T Assessment Team and the LCA Adaptive Management
Planning Team. Other members will be identified from Federal and State agencies.
Responsibilities of this team include analysis and reporting of data to the LCA Adaptive
Management Planning Team and the LCA Program Management Team.

2.0 PROJECT ADAPTIVE MANAGEMENT PLANNING

Specific LCA PDTs assisted the LCA Adaptive Management Framework Team in developing
the monitoring and adaptive management plan for each specific project. The members of the
Adaptive Management Framework Team for this project were Tomma Barnes, USACE-MVN;
Steve Bartell, E2 Consulting Engineers; Laura Brandt, USFWS; Craig Fischenich,
USACE/Engineer Research and Development Center; Barbara Kleiss, USACE Mississippi
Valley Division; Carol Parsons Richards, OCPR; Greg Steyer, USGS National Wetlands
Research Center; and John Troutman, OCPR.

The resulting adaptive management plan for the Medium Diversion at White Ditch project
describes and justifies whether adaptive management is needed in relation to the tentatively
selected plan (TSP) identified in the Feasibility Study. The plan also identifies how adaptive
management would be conducted for the project and who would be responsible for this project-
specific adaptive management program. The developed plan outlines how the results of the
project-specific monitoring program would be used to adaptively manage the project, including
specification of conditions that will define project success.

The Adaptive Management Plan for this project reflects a level of detail consistent with the
project Feasibility Study. The primary intent was to develop monitoring and adaptive
management actions appropriate for the project’s restoration goals and objectives. The specified
management actions permit estimation of the adaptive management program costs and duration
for the project.

The following adaptive management plan section (1) identifies the restoration goals and
objectives identified for the Medium Diversion at White Ditch project, (2) outlines management
actions that can be undertaken to achieve the project goals and objectives, (3) presents a
conceptual ecological model that relates management actions to desired project outcomes, and
(4) lists sources of uncertainty that would recommend the use of adaptive management for this
project. Subsequent sections describe monitoring, assessment, decision-making, and data
management in support of adaptive management.

The level of detail in this plan is based on currently available data and information developed
during plan formulation as part of the feasibility study. Uncertainties remain concerning the
exact project features, monitoring elements, and adaptive management opportunities.
Components of the monitoring and adaptive management plan, including costs, were similarly
estimated using currently available information. Uncertainties will be addressed in the
preconstruction, engineering, and design (PED) phase, and a detailed monitoring and adaptive
management plan, including a detailed cost breakdown, will be drafted as a component of the
design document.
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2.1 Project Goals and Objectives

During initial stages of project development, the project delivery team, with stakeholder input,
developed restoration goals and objectives to be achieved by the Medium Diversion at White
Ditch project. These goal and objectives were subsequently refined through interactions with the
LCA Adaptive Management Framework Team. The overarching goal of this project is to restore
and maintain ecological integrity, including habitats, communities, and populations of native
species, and the processes that sustain them, by reversing the trend of degradation and
deterioration in the area between the Mississippi River and the River aux Chenes ridges. The
intent is to contribute towards achieving and sustaining a larger coastal ecosystem that can
support and protect the environment, economy, and culture of southern Louisiana and thus
contribute to the economy and well-being of the Nation. The specific restoration objectives of
the Medium Diversion at White Ditch project are to:

e Maintain the current area of marsh habitat, of all types (41,206 acres), which
provide life-requisite habitat conditions for native coastal marsh fish and wildlife.

e Restore adequate freshwater and nutrient inputs into the project area such that
sustainable areas of fresh, intermediate, brackish, and saline marsh are present and
existing areas of marsh acres are maintained.

e Restore sediment inputs into the into the project area equivalent to an average of
approximately 1,328,580 cubic yards of sediment per year.

2.2 Management and Restoration Actions

The PDT performed a thorough plan formulation process to identify potential management
measures and restoration actions that address the project objectives. Many alternatives were
considered, evaluated, and screened in producing a final array of alternatives. The PDT
subsequently identified a tentatively selected plan (TSP).

The TSP is Alternative 4, which is also the National Ecosystem Restoration (NER) plan. This
alternative is located at Phoenix, Louisiana and includes ten 15-foot x 15-foot box culverts
capable of diverting up to 35,000 cfs. Additionally, 31 acres of ridge and terrace creation, 385
acres of marsh creation utilizing dredged material from an adjacent 223 acres of canal being
reconfigured to convey freshwater, nutrient and sediments. The NER Plan has a primary
operating regime of a maximum 35,000 cfs pulse during March and April with a maximum 1,000
cfs maintenance flow throughout the remainder of the 12-month cycle (May-February). Optional
operating regimes include a maximum 35,000 cfs pulse from March through May with a
maximum 1,000 cfs maintenance flow throughout the remainder of the 12-month cycle (June-
February) and a maximum 35,000 cfs pulse in March with a maximum 1,000 cfs maintenance
flow throughout the remainder of the 12-month cycle (April-February).

2.3 Conceptual Ecological Model for Monitoring and Adaptive Management

As part of the planning process, members of the Medium Diversion at White Ditch project PDT
developed a conceptual ecological model to represent current understanding of ecosystem
structure and function in the project area, identify performance measures, and help select
parameters for monitoring (Annex 1). The model illustrates the effects of important natural and
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anthropogenic activities that result in different ecological stressors on the system. The effects of
concern can be measured for selected performance measures defined as specific physical,
chemical, and biological attributes of the system.

2.4 Sources of Uncertainty

Adaptive management provides a coherent process for making decisions in the face of
uncertainty. Scientific uncertainties and technological challenges are inherent with any large-
scale ecosystem restoration project. Below is a list of uncertainties associated with restoration of
the coastal wetland systems included in the Medium Diversion at White Ditch project.

e Ability of hydrologic model to predict project impacts/benefits

e Ability of Wetland Value Assessment (WVA) model to predict project impacts/benefits
e Ability of Modified Boustany model to predict project impacts/benefits

e Unknown sediment quantities in river

e Response of ecosystem to pulsed and/or sustained freshwater, sediment, and nutrient
inputs

e Correct engineering and design to address project objectives
e Correct operational regime to achieve project objectives

Potential climate change issues, such as sea level rise, in addition to regional subsidence rates are
significant scientific uncertainties for all LCA projects. These issues were incorporated in the
plan formulation process and will be monitored by gathering data on water levels, salinities, and
land elevation. These data will inform adaptive management actions, but future climate change
projections remain highly uncertain at this time.

3.0 RATIONALE FOR ADAPTIVE MANAGEMENT

The primary incentive for implementing an adaptive management program is to increase the
likelihood of achieving desired project outcomes given the identified uncertainties. All projects
face uncertainties with the principal sources of uncertainty including (1) incomplete description
and understanding of relevant ecosystem structure and function, (2) imprecise relationships
between project management actions and corresponding outcomes, (3) engineering challenges in
implementing project alternatives, and (4) ambiguous management and decision-making
processes.

Given these uncertainties, adaptive management provides an organized, coherent, and
documented process that suggests management actions in relation to measured project
performance compared to desired project outcomes. In the case of the Medium Diversion at
White Ditch, the adaptive management program will use the results of continued project
monitoring to manage the diversion in order to achieve the previously stated project goals and
objectives. Adaptive management establishes the critical feedback of information from project
monitoring to inform project management and promote learning through reduced uncertainty.

Several questions were considered to determine whether adaptive management should be applied
to the Medium Diversion at White Ditch project:
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1) Are the ecosystems to be restored sufficiently understood in terms of hydrology and
ecology, and can project outcomes be accurately predicted given recognized natural and
anthropogenic stressors?

2) Can the most effective project design and operation to achieve project goals and
objectives readily identified?

3) Are the measures of this restoration project performance well understood and agreed
upon by all parties?

4) Can project management actions be adjusted in relation to monitoring results?

A *‘NO’ answer to questions 1-3 and a “YES” answer to question 4 qualifies the project as a
candidate that could benefit from adaptive management. The Framework Team and the PDT
decided that the project meets these qualifications, and, therefore, is a candidate for adaptive
management.

For this project, there are a number of uncertainties associated with ecosystem function and how
the ecosystem components of interest will respond to the restoration project. In addition, there
are associated uncertainties about the best design and operation for the project. Using an adaptive
management approach during project planning provided a mechanism for building flexibility into
project design and for providing new knowledge to better define anticipated ecological
responses. This also enabled better selection of appropriate design and operating scenarios to
meet the project objectives. Additionally, an adaptive management approach will help define
project success and identify outcomes that should realistically be expected for the project.

3.1 Adaptive Management Program for the Medium Diversion at White Ditch
Project

An Adaptive Management Program for the Medium Diversion at White Ditch project is needed
to ensure proper implementation of adaptive management. The Program will also facilitate
coordination of projects within the LCA Program and coordination among PDTs, the LCA S&T,
and LCA Program Management. The LCA Adaptive Management Planning Team will lead all
LCA project and program adaptive management recommendations and actions. This team is
responsible for ensuring that monitoring data and assessments are properly used in the adaptive
management decision-making process. If this team determines that adaptive management actions
are needed, the team will coordinate a path forward with project planners and project managers.
Other PDT members may be solicited as needed; for instance, if the adaptive management
measure is operational, operations and hydraulics representatives might be asked to participate.

The LCA Adaptive Management Planning Team is also responsible for project documentation,
reporting, and external communication. Table 2 lists the cost estimates for these adaptive
management activities.

4.0 MONITORING

Independent of adaptive management, an effective monitoring program will be required to
determine whether the project outcomes are consistent with original project goals and objectives.
The power of a monitoring program developed to support adaptive management lies in the
establishment of feedback between continued project monitoring and corresponding project
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management. A carefully designed monitoring program is central component of the project
adaptive management program.

4.1 Rationale for Monitoring

Monitoring must be closely integrated with all other LCA adaptive management components
because it is the key to the evaluation and learning components of adaptive management. Project
and system level objectives must be identified to determine appropriate indicators to monitor. In
order to be effective, monitoring designs must be able to distinguish between ecosystem
responses that result from project implementation (i.e., management actions) and natural
ecosystem variability. In coastal Louisiana, there are many existing restoration and protection
projects already constructed, and many more are being planned under different authorizations
and programs. In combination, these projects will ultimately influence much of coastal
Louisiana. Monitoring must therefore be conducted across a range of carefully selected scales to
assess short-term project performance and to characterize longer-term, system-wide trends and
conditions.

Achieving monitoring objectives will require monitoring that focuses on different spatial and
temporal scales. Spatially, a project might achieve local objectives, but have little or no
measurable effect at larger scales. Temporally, monitoring designs need to consider the amount
of time it could take for slowly changing ecological variables to respond to management actions.
Additionally, monitoring should be designed to measure the persistence of near-term effects.
Larger-scale effects will generally take longer to develop and longer to detect than more
localized effects.

Monitoring for large scale effects can be more difficult than for local effects because the
ecological linkages become more complicated as factors outside project boundaries influence
processes and biota that affect desired project outcomes. The benefits of improved habitat in one
location may be counteracted by degradation at another location, thus showing no overall benefit
at large scales. In addition, monitoring at large scales can involve changes in underlying
conditions over time or space and be very labor intensive. When possible, specific monitoring
and large scale information needs should be interrelated. In some cases, large scale monitoring
may be just an extension of local monitoring in space and time, but it may also involve designs
and procedures that are separate from site specific monitoring and extend beyond the purview of
the project teams.

When possible, specific monitoring and large scale information needs should be integrated with
existing monitoring efforts that are underway in coastal Louisiana. For example, the CWPPRA
program has been monitoring restoration and protection projects in coastal Louisiana since 1990
(Steyer and Stewart 1992, Steyer et al. 1995). The monitoring program incorporates a system-
level wetland assessment component called the Coast-wide Reference Monitoring System
(CRMS-Wetlands, Steyer et al. 2003). CRMS-Wetlands provides system-wide performance
measures that are evaluated to help determine the cumulative effects of restoration and protection
projects in coastal Louisiana. LCA monitoring plans will incorporate existing monitoring
networks to the extent practicable and participate in the implementation of CRMS-Wetlands.
Such participation can maintain the data consistencies necessary to conduct project and
programmatic adaptive management.
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4.2. Monitoring Plan for the Medium Diversion at White Ditch Project

According to the CECW-PB Memo dated 31 August 2009, “Monitoring includes the systemic
collection and analysis of data that provides information useful for assessing project
performance, determining whether ecological success has been achieved, or whether adaptive
management may be needed to attain project benefits.” The following discussion outlines key
components of a monitoring plan that will support the project Adaptive Management Program.

The plan identifies performance measures along with desired outcomes (i.e., targets) in relation
to specific project goals and objectives. A performance measure includes specific feature(s) to be
monitored to determine project performance. In addition, if applicable, a risk endpoint was
identified. Risk endpoints measure undesirable outcomes of a management or restoration action.
A monitoring design was established to determine whether the desired outcome or risk endpoint
IS met.

Upon completion of the Medium Diversion at White Ditch project, monitoring for ecological
success and adaptive management will be initiated and will continue until ecological success is
achieved, as defined by the project-specific objectives. This monitoring plan includes the
minimum monitoring actions to evaluate success and to determine adaptive management needs.
Although the law allows for a 10-year cost-shared monitoring plan, ten years of monitoring may
not be required. Once ecological success has been achieved, which may occur in less than ten
years post-construction, no further monitoring will be performed. If success cannot be
determined within that 10-year period of monitoring, any additional monitoring will be a non-
Federal responsibility. This plan estimated monitoring costs for a period of ten years because that
is the maximum allowed federal contribution to monitoring. As soon as ecological success is
achieved, monitoring will cease.

The following discussion outlines key components of a monitoring plan that will support the
LCA Medium Diversion at White Ditch project Adaptive Management Program. The plan
identifies performance measures along with desired outcomes and monitoring designs in relation
to specific project goals and objectives. Additional monitoring is identified as supporting
information needs that will help further understand and corroborate project effects.

Objective 1: Maintain the current area of marsh habitat, of all types, that provide life-requisite
habitat conditions for native coastal marsh fish and wildlife.

Performance Measure 1: Habitat and land:water classification

Desired Outcome: Reduce the rate of land loss (10-year post-construction trend) compared to
the pre-project condition (1985-2012), excluding tropical storm events.

Desired Outcome: Maintain and/or increase acreage of marsh habitats from pre-construction
estimates (41,206 acres).

Monitoring Design: Habitats will be classified using Landsat Thematic Mapper (TM) scenes
collected in 3 pre- and 10 post-project years and Digital Orthophoto Quadrangles (DOQQs) for 1
pre- and 2 post-project years, as well as any available field data in the study area to assess
land:water trends and habitat distribution.

Objective 2: Restore adequate freshwater and nutrient inputs into the project area such that
sustainable areas of fresh, intermediate, brackish, and saline marsh are present and existing areas
of marsh acres are maintained.

Final Integrated 1-9 September 2010
Feasibility Study / SEIS



Appendix I: Monitoring and
Adaptive Management Plan Volume VI — Medium Diversion at White Ditch

Performance Measure 2a: Plant diversity and cover
Desired Outcome: Enhance floristic quality of marsh vegetation communities.

Monitoring Design: Permanent vegetation monitoring stations will be established for assessing
project area vegetation communities. These stations will be sampled annually beginning in PED
for two years, during three years of construction, and ten years post construction.

Supporting Information Need: Salinity and hydroperiod (the period of time during which the
wetland is covered by water, also known as frequency and duration of inundation) will be
assessed by establishing 9 hydrologic monitoring sites in project and reference areas.

Risk Endpoint: Nutrification

Desired Outcome: Excessive nutrient introductions do not contribute to reduced biomass of
belowground plant material when compared to pre-construction estimates.

Monitoring Design: Belowground biomass will be sampled quarterly at the 9 vegetation sites.
These stations will be sampled for 3 years prior to project completion to assess pre-project
conditions and sampled for 10 years post-construction. Nutrients (total nitrogen [TN], ammonia,
nitrate+nitrite, total phosphorous [TP]), metals, atrazine, and dissolved oxygen will be measured
every two months in the immediate project outfall channel and at the 9 hydrologic monitoring
sites for 3 years prior to project completion to assess pre-project conditions and sampled for 10
years post-construction.

Desired Outcome: Mississippi River water introductions do not contribute to expansion of
floating aquatic vegetation (water hyacinth) in project area when compared to pre-construction
estimates along with not increasing the occurrences of water use impairments in the receiving
waters.

Monitoring Design: The distribution of water hyacinth throughout the project area will be
tracked by visual assessment of water hyacinth cover from overflights during summer.

Objective 3: Restore sediment inputs into the into the project area equivalent to an average of
approximately 1,328,580 cubic yards of sediment per year.

Performance Measure 3a: Annual sediment discharge

Desired Outcome: Deliver 1.328M yard® (equivalent to 1.422M tons) of sediment through the
White Ditch diversion each year.

Monitoring Design: Hourly turbidity recorders will be deployed in the outfall channel and at 9
hydrologic monitoring sites and correlated to total suspended solids (TSS) to investigate this
measure. The sites will be measured for 3 years prior to project completion to assess pre-project
conditions and sampled for 10 years post-construction.

Performance Measure 3b: Accretion and elevation

Desired Outcome: Maintain marsh elevation within tidal frame (relative sea level rise = 0 cm
1

yr).

Monitoring Design: Surface elevation tables (SET)/feldspar stations will be sampled at 9

hydrologic monitoring sites for assessing project area accretion and marsh elevation changes for

3 years prior to project completion to assess pre-project conditions and sampled for 10 years
post-construction.
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4.2.1 Monitoring Procedures

The following monitoring procedures will provide the information necessary to evaluate the
previously identified project objectives for the Medium Diversion at White Ditch project:

Land:Water and Habitat Classification: Land/water and habitat summaries will be performed
on classified Landsat TM scenes for 1985, 1987, 1990, 1998, 1999, 2001, 2002, 2004, 2005,
2006, 2008, 2009, 2010, 2011, and 2012 in the project area. Linear regression will be used to
calculate land change trends based on those years, excluding anomalous data. Post-project trends
calculated from Landsat TM scenes classified annually will be compared to the pre-project
trends to determine whether conversion of land to open water is being reduced in the project
area. DOQQs of the project area will need to be flown and habitat analyses completed to capture
land cover for one pre-construction and two post-construction years.

Hydrology: Hourly turbidity, salinity, dissolved oxygen and water-level water monitoring will
be initiated 3 years prior to anticipated project construction completion and conducted for 10
years post-construction at six locations within the project area and three reference locations with
multi-parameter water quality sondes. Sondes will be surveyed to a vertical datum (NAVD 88),
and marsh elevations in the immediate vicinity of each sonde will also be surveyed. Sondes will
be serviced approximately 9 times per year. Hydroperiod metrics (depth, duration, and frequency
of flooding) will be obtained from marsh elevations and recorded water levels. TSS will be
predicted from turbidity measurements as described below.

Sediment Input and Distribution: Sediments introduced into the project area via riverine input
are expected to contribute to soil building and thus a net elevation increase or stabilization.

Water discharge through the diversion structure will be monitored hourly with an acoustic
Doppler current meter (ADCM). Hourly turbidity measurements will be measured with a logging
optical backscatter nephlometric turbidity sensor, which will be field serviced and calibrated
each month. During each field servicing event, a depth-integrated water sample will be taken
from the outfall channel, and the sample will be analyzed for total suspended solids (TSS) by
filtering 100-250 mL of each sample through pre-rinsed, pre-ashed, pre-weighed 47mm GF/F
microfiber filters. Filters will be dried for 24 hours at 105° C, then combusted for 1 hour and
550° C and weighed. Thus, the inorganic fraction of TSS will be used as the metric for
suspended solids in diverted river water. Linear regression will be used to estimate the
relationship between turbidity and TSS, and hourly turbidity data will then be used to obtain
hourly TSS values. Instantaneous sediment flux through the diversion structure fluxeq will be
calculated as

fluXseq = Quiv X tSS

where gqy and tss are the volume discharge and suspended sediment concentrations in the outfall
channel, respectively. Total sediment delivery Q over the time interval 0 — T will be determined
as

;
Q= | flux,,dt

where t is time.

Distribution of diverted sediments through the project area will be assessed by collection of
hourly turbidity time series at each hydrologic monitoring site (above) by affixing an optical
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backscatter nephlometric turbidity sensor to each water quality sonde. Water samples will be
collected during monthly servicing of the sensors, and these samples will be analyzed for TSS
and used to calibrate the turbidity sensors to TSS.

Water Quality: Measuring and monitoring various water quality parameters, including salinity,
nutrients, turbidity, metals, atrazine, and total suspended solids (TSS) will dictate whether inputs
from the Mississippi River are impacting water quality in the project area. Nutrients (TN,
ammonia, nitrate+nitrite, TP) will be measured every two months in the immediate project
outfall channel and at 9 hydrologic monitoring sites. Water samples will be collected in 500 mL
acid-washed polyethylene bottles, stored on ice and taken to laboratory for processing. Within 24
hrs, 60 mL from each water sample will be filtered through pre-rinsed 25 mm 0.45 um Millipore
filters. Samples and filters will be frozen until analyzed within one month of collection. Nitrate
and nitrite will be determined separately using automated cadmium reduction method,
ammonium by automated phenate method and phosphate by automated ascorbic acid reduction
method (Standard Methods 1992). Metals will be analyzed using the EPA SW-846 7000 series
for analysis of metals is water. Atrazine will be analyzed using the EPA 600 series for the
analysis of Atrazine in water.

Sediment Accretion and Elevation: Sediment accretion and elevation will be assessed at the
nine hydrologic monitoring sites (above) semi-annually, beginning 3 years prior to anticipated
project construction completion. Sediment elevation within the project area will be measured
over time by using the rod-surface elevation table (RSET) technique which is described in Folse
et al. (2008) and references therein. The RSET allows for precise, repeated measurements of the
soil elevation. Marker horizons consisting of feldspar clay will be used to determine vertical
accretion/loss within the project area (Folse et al. 2008).

Vegetation: Vegetation sampling will occur annually at the nine hydrologic monitoring sites
(above), beginning in PED for two years, during three years of construction, and ten years post
construction. Sampling will occur annually between August and October at each site, and will
consist of sampling ten replicate 2 m x 2 m stations located along a transect within a 200 m x 200
m square. Vegetation stations will be located randomly on a 282.8-m transect that cuts
diagonally through the square from one corner to the opposite corner. Each 2 m x 2 m vegetation
station shall be spaced a minimum of 3 m apart giving a possible 94 establishment points along
the diagonal transect.

Species composition and percent cover for each station will be determined using visual estimates
of cover following the Braun-Blanquet cover scale (Mueller-Dombois and Ellenburg 1974). The
2 m x 2 m quadrat will be carefully placed on the vegetation and all vegetation within the
quadrat, whether rooted within the station or hanging over the station, will be included in the
sample. Species composition and percent cover data will be used to generate a Floristic Quality
Index (FQI) score (Cretini et al. 2010) which will be tracked over time. Species composition data
will be used to determine in situ marsh habitat classification, which will be used to ground-truth
classifications from Land:Water and Habitat Classification above.

Belowground biomass will be sampled quarterly at the nine hydrologic monitoring sites via 10-
cm diameter cores taken from each of three plots after the aboveground production has been
removed. The cores will be taken to a maximum depth of 50 cm, or the entire mat thickness.
Cores will be divided into 8 cm sections, and washed in a 0.5 mm sieve to remove soil particles.
Live roots and rhizomes will be separated from the remaining matrix of dead roots and other
organic material and dried at 65° C to a constant weight, and weighed.
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4.2.2 Use of Monitoring Results and Analysis

Project monitoring is the responsibility of the OCPR and the USACE. However, because of the
need to integrate monitoring for programmatic adaptive management, extensive agency
coordination is required. A monitoring workgroup, led by the LCA S&T Program and the USGS,
will be responsible for ensuring that project-specific monitoring plans are technically competent
and appropriately integrated within a system-wide assessment and monitoring plan (SWAMP).

The results of the monitoring program will be communicated to an Assessment Team that will
use the information to assess system responses to management, evaluate overall project
performance, and construct project report cards. Recommended modifications (i.e., adaptation)
of the Medium Diversion at White Ditch project will be provided as appropriate.

5.0 DATABASE MANAGEMENT

Database management is an important component of the monitoring plan and the overall
adaptive management program. Data collected as part of the monitoring and adaptive
management plans for the LCA projects will be archived as prescribed in the “LCA Data
Management Strategic Plan” developed for the LCA S&T Office, and further developed by the
LCA S&T Data Management Working Group.

Data standards, quality assurance and quality control procedures and metadata standards will be
prescribed by the LCA S&T Data Management Working Group. Data collected for LCA with
similar data types and collection frequencies as those data collected under the CRMS program
will be managed by the Louisiana Strategic Online Natural Resources Information System
(SONRIS). Pre-existing standard operating procedures built for SONRIS cover issues such as
data upload process and format, quality assurance/quality control, and public data release.
Storage of all other LCA collected data (spatial or non-spatial) will be handled by the LCA
project-specific data libraries on LCA.GOV.

Where applicable, Open Geospatial Consortium standards will be used to facilitate data sharing
among interested parties. Data analysis and reporting responsibilities will be shared between
project assessment and adaptive management efforts in order to provide Medium Diversion at
White Ditch project reports for the LCA Program Management Team.

5.1 Description and Location

The data management plan should identify the computing hardware and any specialized or
custom software used in data management for an adaptive management program. Opportunities
exist to develop either a centralized or distributed data management system. The data managers
with input from the Adaptive Management Planning Team should determine which approach
best suits the needs of the overall adaptive management program.

Individuals with responsibility for data management activities (data managers) in support of an
adaptive management program should be identified. The data managers should collaborate with
the Adaptive Management Planning Team in developing a data management plan to support the
adaptive management program. The data management plan should be incorporated into the
overall program adaptive management plan — either in the main body of the adaptive
management plan or as an appendix.
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5.2 Data Storage and Retrieval

Data standards, quality assurance and quality control procedures and metadata standards will be
prescribed by the Data Management Working Group, and will be complementary with the
CRMS-Wetlands program and SONRIS database. Data will be served using a map services tool,
similar to that currently employed by the CRMS-Wetlands project.

5.3 Analysis, Summarizing, and Reporting

Data analysis and reporting responsibilities will be shared between project and programmatic
adaptive management efforts in order to provide reports for the Medium Diversion at White
Ditch project Assessment Team, project managers, and decision-makers.

6.0 ASSESSMENT

The assessment phase of the framework describes the process by which the results of the
monitoring efforts will be compared to the desired project performance measures and/or
acceptable risk endpoints (i.e., decision criteria) that reflect the goals and objectives of the
management or restoration action. The assessment process addresses the frequency and timing
for comparison of monitoring results to the selected measures and endpoints. The nature and
format (e.g., qualitative, quantitative) of these comparisons are defined as part of this phase. The
resulting methods for assessment should be documented as part of the overall adaptive
management plan.

The results of the Medium Diversion at White Ditch project monitoring program will be
regularly assessed in relation to the desired project outcomes as described by the previously
specified project performance measures. This assessment process regularly measures the
progress of the project in relation to the stated project goals and objectives, and is critical to the
project adaptive management program. The assessments will continue through the life of the
project or until it is decided that the project has successfully achieved its goals and objectives.

6.1 Assessment Process

The Assessment Team assigned to the Medium Diversion at White Ditch project will identify a
combination of qualitative (i.e., professional judgment) and quantitative methods for comparing
the values of the performance measures produced by monitoring with the selected values of these
measures that define criteria for evaluating project effectiveness.

Appropriate statistical comparisons (e.g., hypothesis testing, ANOVA, multivariate methods,
etc.) will be used to summarize monitoring data as they are obtained and compare these data
summaries with the project decision criteria. These continued assessments will be documented as
part of the project reporting and data management system.

6.2 Variances and Success

The project Assessment Team will collaborate with project managers and decision-makers to
define magnitudes of difference (e.g., statistical differences, significance levels) between the
values of monitored performance measures and the desired values (i.e., decision criteria) that will
constitute variances. Meaningful comparisons between monitoring results and desired
performance will require characterization of historical and current spatial-temporal variability
that define baseline conditions. Variances (or their absence) will be used to recommend adaptive
management actions, including (1) continuation of the project without modification, (2)
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modification of the project within original design specifications, (3) development of new
alternatives, or (4) termination of operation of the White Ditch diversion structure.

Conceptual models have been developed for each project describing the linkages between
stressors and performance measures. The assessments will help determine whether the observed
responses are linked to the project. Each project has been formulated to address as many system
stressors as feasible. If the stressors targeted by the project have changed and the performance
measure has not, the linkages in the conceptual model should be examined to determine what
other factors may be influencing the performance measure response.

The assessments will also determine whether the responses are undesirable (e.g., are moving
away from restoration goals) and if the responses have met the success criteria for the project. If
performance measures are not responding as desired because the stressor has not changed
enough in the desired direction, then recommendations should be made concerning modifications
to the project. If the stressor has changed as expected/desired and the performance measure has
not, additional research may be necessary to understand why.

From a system-wide perspective, scientific and technical information would be generated from
the implementation of a system—wide monitoring effort. Information generated from this effort
should be linked to evaluation LCA performance and system response. From a project-level
perspective, monitoring plans should be designed to inform adaptive management decision
making by providing monitoring data that are relevant to addressing uncertainty.

Similarly, for multiple performance measures and corresponding monitoring results, the
Assessment Team will determine the number and magnitude of variances within a single
assessment that will be required to recommend modifications to the project.

6.3 Frequency of Assessments

Ideally, the frequency of assessments for the Medium Diversion at White Ditch project would be
determined by the relevant ecological scales of each performance measure. The project’s
technical support staff will identify for each performance measure the appropriate timescale for
assessment. The project should have a combination of short-, medium-, and long-term
performance measures. Assessments should be performed at a five year interval at a minimum;
however, depending on the timescale of expected responses of the specific measure and
frequency of data collection, it may be determined during PED that more frequent reporting may
be necessary.

6.4 Documentation and Reporting

The Assessment Team will document each of the performed assessments and communicate the
results of its deliberations to the managers and decision-makers designated for the Medium
Diversion at White Ditch project. The Assessment Team will work with the project monitoring
team and monitoring workgroup to produce periodic reports that will measure progress towards
project goals and objectives as characterized by the selected performance measures. The results
of the assessments will be communicated regularly to the project managers and decision-makers.

7.0 DECISION MAKING

Adaptive management is distinguished from more traditional monitoring in part through
implementation of an organized, coherent, and documented decision process. For the Medium
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Diversion at White Ditch project Adaptive Management Program, the decision process includes
(1) anticipation of the kinds of management decisions that are possible within the original project
design, (2) specification of values of performance measures that will be used as decision criteria,
(3) establishment of a consensus approach to decision making, and (4) a mechanism to
document, report, and archive decisions made during the timeframe of the Adaptive Management
Program.

7.1 Decision Criteria

Decision criteria, also referred to as adaptive management triggers, are used to determine
whether and when adaptive management opportunities should be implemented. These criteria are
usually ranges of expected and/or desirable outcomes. They can be qualitative or quantitative
based on the nature of the performance measure and the level of information necessary to make a
decision. Desired outcomes can be based on reference sites, predicted values, or comparison to
historic conditions. Several potential decision criteria are identified below, based on the project
objectives and performance measures. More specific decision criteria, possibly based on other
parameters such as land:water relationship, hydrology, water quality, and sediment accretion and
elevation; vegetation dynamics, will be developed during the pre-construction engineering and
design phase of the project.

Sediment loading requirements:

e Desired sediment loading rates (1.422M tons yr™) are not achieved

To meaningfully manage this parameter, operations could be adjusted to increase the amount of
sediment being discharged through the White Ditch structure, either by increasing the amount of
river water discharged, or by timing diversions to better coincide with periods of high sediment
concentrations in the Mississippi River.

Vegetation Community Dynamics

e Maintenance of all marsh habitats is not achieved

Operations may need to be adjusted to decrease the amount of river water discharged, or by
timing diversions to better coincide with winter senescence of emergent vegetation. Additional
modeling or experimental efforts might be required to understand and manage observed
responses of belowground biomass.

To manage these outcomes, hydraulic models may need to be revisited and recalibrated based on
field data and observations prior to change in management of a diversion and/or in diversion
structures. Additional modeling or experimental efforts might be required to understand and
manage observed biotic responses.

7.2 Potential Adaptive Management Measures

The project report card, drafted by the Assessment Team, will be used to evaluate project status
and adaptive management needs. The Assessment Team may submit recommendations for
adaptive management actions to the Adaptive Management Planning Team. The Adaptive
Management Planning Team will investigate and further refine adaptive management
recommendations and present them to the Program Management Team. Some potential adaptive
management actions for this project may include modifying the operation of the existing
diversion structure or modifying operation of existing outfall management features.
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7.3 Project Close-Out

Close-out of the project would occur when it is determined that the project has been successful or
when the maximum 10-year monitoring period has been reached. Success would be considered
to have been achieved when the project objectives have been met, or when it is clear that they
will be met based upon the trends for the site conditions and processes. Project success would be
based on the following:

e Maintaining the pre-construction acreage and diversity of marsh types after 10 years.
e Meeting or exceeding 1,328,580 cubic yards of sediment per year into the project area.

There may be issues related to the sustainability of the project that would require some
monitoring and management beyond achieving these objectives. Due to the variable nature of the
Louisiana coastal zone, the monitoring baseline may change during the period of analysis.
Consequently, it may be appropriate to consider extending project specific monitoring and
adaptive management beyond 10 years.

8.0 COSTS FOR IMPLEMENTATION OF MONITORING AND
ADAPTIVE MANAGEMENT PROGRAMS

The costs associated with implementing these monitoring and adaptive management plans were
estimated based on currently available data and information developed during plan formulation
as part of the feasibility study. Because uncertainties remain as to the exact project features,
monitoring elements, and adaptive management opportunities, the costs estimated in Tables 1, 2,
and 3 (below) will be need to be refined in PED during the development of the detailed
monitoring and adaptive management plans.

8.1 Costs for Implementation of Monitoring Program

Costs to be incurred during the PED and construction phases include drafting of the detailed
monitoring plan, monitoring site establishment and pre-construction and construction data
acquisition to establish baseline conditions. Cost calculations for post-construction monitoring
are displayed as a 10-year (maximum) total. If ecological success is determined earlier (prior to
ten years post-construction), the monitoring program will cease and costs will decrease
accordingly.

It is intended that monitoring conducted under the LCA program will utilize centralized data
management, data analysis, and reporting functions. All data collection activities follow
consistent and standardized processes regardless of the organization responsible for monitoring.
Cost estimates include monitoring equipment, monitoring station establishment, data collection,
quality assurance/quality control, data analysis, assessment, and reporting for the proposed
monitoring elements (Table 1). These estimates account for a 2.6% annual inflation rate, adopted
from the CWPPRA Program. The current total estimate for implementing the monitoring and
assessment program is $9,363,400. Unless otherwise noted, costs will begin at the onset of the
PED phase and will be budgeted as construction costs.
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Table 1. Preliminary Cost Estimates for Implementation of the Monitoring Program for
the LCA Medium Diversion at White Ditch Project.

Feasibility Study / SEIS

2yr PED
Set-up &
Data 3yr 10 yr Post-

Category Activities Acquisition | Construction | Construction Total
Monitoring: | Monitoring $135,900 $53,200 $210,100 $399,200
planning and | workgroup,
management | drafting detailed

monitoring plan,
working with
PDTs on
performance
measures
Monitoring: | Landrights, site $145,400 $145,400
data construction,
collection and surveying
Land:water $13,500 $21,600 $85,300 $120,400
Habitat $60,500 $145,000 $205,500
classification
Hydrology $257,800 $412,400 $1,628,200 | $2,298,400
Sediment input $37,400 $59,900 $236,300 $333,600
& distribution
Water Quality $45,700 $73,200 $288,800 $407,700
Sediment $29,200 $46,700 $184,300 $260,200
accretion and
elevation
Vegetation $145,900 $233,400 $921,600 | $1,300,900
Fisheries $374,200 $598,600 $2,363,200 | $3,336,000
Database Database $62,400 $99,800 $393,900 $556,100
management | development,
management,
and
maintenance,
webpage
development for
communication
of data to
stakeholders
TOTAL $1,247,400 $1,659,300 $6,456,700 | $9,363,400
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8.2 Costs for Implementation of Adaptive Management Program

Costs for the project adaptive management program were based on estimated level of effort. The
current total estimate for implementing the adaptive management program is $1,780,000. Unless
otherwise noted, costs will begin at the onset of the PED phase and will be budgeted as
construction costs.

Table 2. Preliminary Cost Estimates for Set-up of Adaptive Management Program
for the LCA Medium Diversion at White Ditch Project.

Annual
Category Cost 5yr Total

Detailed AM Plan and Program Set-up

(during PED and construction) $100,000 $500,000

TOTAL $100,000 $500,000

Table 3. Preliminary Cost Estimates for Implementation of Adaptive Management
Program for the LCA Medium Diversion at White Ditch Project.

Annual
Category Cost 10 yr Total
Management of AM Program (post- construction) $50,000 $500,000
Assessment $47,000 $470,000
Decision making $31,000 $310,000
TOTAL $128,000 $1,280,000
Final Integrated 1-19 September 2010
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1.0 INTRODUCTION

1.1  Conceptual Ecological Model Definition

Although the term *conceptual ecological model” (CEM) may be applied to numerous
disciplines, CEMs are generally simple, qualitative models, represented by a diagram, that
describe general functional relationships among the essential components of an ecosystem.
CEMs typically document and summarize current understanding of, and assumptions about,
ecosystem function. When applied specifically to ecosystem restoration projects, CEMs also
describe how restoration actions propose to alter ecosystem processes or components to improve
system health (Fischenich 2008). To describe ecosystem function, a CEM usually diagrams
relationships between major anthropogenic and natural stressors, biological indicators, and target
ecosystem conditions.

1.2 Purpose and Functions of Conceptual Ecological Models

CEMs can be particularly helpful with the Louisiana Coastal Area (LCA) Program and its
projects by providing assistance with four important tasks: ecosystem simplification,
communication, plan formulation, and science, monitoring and adaptive management.

1.2.1 Ecosystem Simplification

Because natural systems are inherently complex, resource managers must utilize tools that
simplify ecosystem relationships and functions within the target ecosystem. An understanding of
the target ecosystem is paramount to planning and constructing effective ecosystem restoration
projects. During CEM development, knowns and unknowns about the connections and
causalities in the systems are identified and delineated (Fischenich 2008).

CEMs can promote ecosystem simplification through the following processes:

e Organization of existing scientific information;

e Clear depiction of system components and interactions;

e Promotion of understanding of the ecosystem;

e Diagnosis of underlying ecosystem problems;

e Isolation of cause and effect relationships; and

e Identification of species most likely to demonstrate an ecosystem response.
1.2.2 Communication

CEMs are an effective tool for the communication of complex ecosystem processes to a large
diverse audience (Fischenich 2008). It is vitally important that project teams understand
ecosystem function in order to realistically predict accomplishments to be achieved by
restoration projects. CEMs can facilitate effective communication between project team
members about ecosystem function, processes, and problems, and can assist in reaching
consensus within the project team on project goals and objectives.

Because CEMs summarize relationships among the important attributes of complex ecosystems,
they can serve as the basis for sound scientific debate. Stakeholder groups, agency functions
(e.g., planning and operations), and technical disciplines typically relate to systems resource use
and management independently, but CEMs can be used to link these perspectives.
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The process of model development is at least as valuable as the model itself and affords an
opportunity to draw fresh insight as well as address unique concerns or characteristics for a given
project. Workshops to construct CEMs are brainstorming sessions that explore alternative ways
to compress a complex system into a small set of variables and functions. This interactive
process of system model construction facilitates communication between project team members
and almost always identifies inadequately understood or controversial model components.

CEMs can promote communication by facilitating the following:

e Integrating input from multiple sources and informing groups of the ideas, interactions,
and involvement of other groups (Fischenich 2008);

e Assembling project/study managers with the project team and stakeholders to discuss
ecosystem condition, problems, and potential solutions;

e Synthesizing current understanding of ecosystem function;
e Developing consensus on a working set of hypotheses that explain habitat changes;

e Developing consensus on indicators that can reflect project-specific ecological
conditions; and

e Establishing a shared vocabulary among project participants.
1.2.3 Plan Formulation

Formulating a plan for an effective ecosystem restoration project requires an understanding of
the following elements:

e The underlying cause(s) of habitat degradation;

e The manner in which causal mechanisms influence ecosystem components and dynamics;
and

e The manner in which intervening with a restoration project may reduce the effects of
degradation.

These three elements should form the basis of any CEM applied to project formulation
(Fischenich 2008).

CEMs can provide valuable assistance to the plan formulation process through the following:
e Supporting decision-making by assembling existing applicable science;

e Assisting with formulation of project goals and objectives, indicators, management
strategies, and results;

e Providing a common framework among team members from which to develop
alternatives;

e Supplementing numerical models to assess project benefits and impacts; and

e ldentifying biological attributes or indicators that should be monitored to best interpret
ecosystem conditions, changes, and trends.
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1.2.4 Science, Monitoring, and Adaptive Management

Through the recognition of important physical, chemical, or biological processes in an
ecosystem, CEMs identify aspects of the ecosystem that should be measured. Hypotheses about
uncertain relationships or interactions between components may be tested and the model may be
revised through research and/or an adaptive management process. Indicators for this process may
occur at any level of organization, including the landscape, community, population, or genetic
levels; and may be compositional (i.e., referring to the variety of elements in a system), structural
(i.e., referring to the organization or pattern of the system), or functional (i.e., referring to
ecological processes) in nature.

CEMs can be helpful in restoration science, monitoring, and adaptive management through the
following:

e Making qualitative predictions of ecosystem response;

e ldentifying possible system thresholds that can warn when ecological responses may
diverge from the desired effect;

e Outlining further restoration and/or research and development needs;
e ldentifying appropriate monitoring indicators and metrics;

e Providing a basis for implementing adaptive management strategies;
e Interpreting and tracking changes in project targets;

e Summarizing the most important ecosystem descriptors, spatial and temporal scales, and
current and potential threats to the system;

e Facilitating open discussion and debate about the nature of the system and important
management iSsues;

e Determining indicators for monitoring;
e Helping interpret monitoring results and explore alternative courses of management;

e Establishing institutional memory of the ideas that inspired the management and
monitoring plan;

e Forecasting and evaluating effects on system integrity, stress, risks, and other changes;
¢ ldentifying knowledge gaps and the prioritization of research;
e Interpreting and monitoring changes in target indicators; and

e Assisting in qualitative predictions and providing a key foundation for the development
of benefits metrics, monitoring plans, and performance measures.

1.2.5 Limitations of Conceptual Ecological Models

CEMs cannot identify the most significant natural resources within the target ecosystem or
prioritize project objectives. They do not directly contribute to the negotiations and trade-offs
common to ecosystem restoration projects. CEMs are not The truth, but are simplified depictions
of reality. They are not Final, but rather provide a flexible framework that evolves as
understanding of the ecosystem increases. CEMs are not Comprehensive because they focus only
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upon those components of an ecosystem deemed relevant while ignoring other important (but not
immediately germane) elements. CEMs do not, in and of themselves, quantify restoration
outcomes, but identify indicators that can be monitored to determine responses within the target
ecosystem to restoration outputs.

Good conceptual models effectively communicate which aspects of the ecosystem are essential
to the problem, and distinguish those outside the control of the implementing agency. The best
conceptual models focus on key ecosystem attributes, are relevant, reliable, and practical for the
problem considered, and communicate the message to a wide audience.

1.3 Types of Conceptual Ecological Models

CEMs can be classified according to both their composition and their presentation format. They
can take the form of any combination of narratives, tables, matrices of factors, or box-and-arrow
diagrams. The most common types of CEMs are narrative, tabular, matrix, and various forms of
schematic representations. A comprehensive discussion of these types of CEMs is provided in
Fischenich (2008). Despite the variety in types of CEMSs, “no single form will be useful in all
circumstances” (Fischenich 2008). Therefore, it is of vital importance to establish the specific
plan formulation needs to be addressed by the CEM, and develop the CEM accordingly because
“[c]onceptual models . . . are most useful when they are adapted to solve specific problems”
(Fischenich 2008).

1.3.1 Application of Conceptual Ecological Models to LCA Projects

CEMs have been widely used in other regions of North America when planning large-scale
restoration projects (Barnes and Mazzotti 2005). The LCA team has decided to utilize the Ogden
model (Ogden and Davis 1999). The LCA team recognizes that CEM development, like plan
formulation, is likely to be an iterative process, and that CEMs developed for LCA projects
during early plan formulation may be dramatically changed before project construction.

1.3.2 Model Components

The CEM utilized for LCA projects follows the top-down hierarchy of information using the
components established by Ogden and Davis (1999). The schematic organization of the CEM is
depicted in Figure 1 and includes the following components:

e Drivers- This component includes major external driving forces that have large-scale
influences on natural systems. Drivers may be natural (e.g., eustatic sea level rise) or
anthropogenic (e.g., hydrologic alteration) in nature.

e Ecological Stressors- This component includes physical or chemical changes that occur
within natural systems, which are produced or affected by drivers and are directly
responsible for significant changes in biological components, patterns, and relationships
in natural systems.

e Ecological Effects- This component includes biological, physical, or chemical responses
within the natural system that are produced or affected by stressors. CEMs propose
linkages between one or more ecological stressors and ecological effects and attributes to
explain changes that have occurred in ecosystems.

e Attributes- This component (also known as indicators or end points) is a frugal subset of
all potential elements or components of natural systems representative of overall
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ecological conditions. Attributes may include populations, species, communities, or
chemical processes. Performance measures and restoration objectives are established for
each attribute. Post-project status and trends among attributes are measured by a system-
wide monitoring and assessment program as a means of determining success of a
program in reducing or eliminating adverse effects of stressors.

e Performance measures- This component includes specific features of each attribute to be
monitored to determine the degree to which the attribute is responding to projects
designed to correct adverse effects of stressors (i.e., to determine success of the project).

Driver

i

Ecological Stressor

Ecological
Effect

Attribute

+ Performance
Measure

Figure 1. Conceptual Ecological Model Schematic Diagram.

This CEM does not attempt to explain all possible relationships or include all possible factors
influencing the performance measure targets within natural systems in the study area. Rather, the
model attempts to simplify ecosystem function by containing only information deemed most
relevant to ecosystem monitoring goals.

2.0 CONCEPTUAL ECOLOGICAL MODEL DEVELOPMENT
2.1  Methodology

A CEM was developed for the Medium Diversion at White Ditch project by members of the
interagency Project Delivery Team. The creation of this CEM was an interactive and iterative
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process. Prior to model development, the project team reviewed existing information on the
ecosystem within the study area. A small team meeting was then convened to identify and
discuss causal hypotheses that best explain both natural and key anthropogenically driven
alterations in the study area. A list of appropriate stressors and consequent ecological effects in
the study area ecosystem was developed from these discussions. Additionally, a series of
attributes was identified that exhibited characteristics that ideally suited them to serve as key
indicators of project success through the measurement and analysis of performance measures
associated with these attributes. The project team used these hypotheses and lists of components
to develop an initial draft of the model and to prepare a supporting narrative document to explain
the organization of the model and science supporting the hypotheses.

Additional information about the components of this CEM is presented below.
2.2  Project Background

The Medium Diversion at White Ditch project was identified as a near-term critical feature in the
Louisiana Coastal Area (LCA), Louisiana — Ecosystem Restoration Study (2004 LCA Plan
[USACE 2004]). The 2004 LCA Plan was recommended to Congress by a Chief of Engineers
report dated January 31, 2005, which recommended a coordinated, feasible solution to the
identified critical water resource problems and opportunities in coastal Louisiana. This project
was included in that plan along with other near-term critical restoration features throughout
coastal Louisiana. Including this project, 10 additional projects were recommended for further
studies, in anticipation that such features would be subsequently recommended for future
Congressional authorization. The 2004 LCA Plan was developed by the State of Louisiana and
the United States Army Corps of Engineers (USACE) in order to implement some of the
restoration strategies outlined in the 1998 report Coast 2050: Toward a Sustainable Coastal
Louisiana.

The purpose of this study is to investigate the feasibility of restoring and maintaining ecological
integrity, including habitats, communities, and populations of native species, and the processes
that sustain them by reversing the trend of degradation and deterioration to the area between the
Mississippi River and the River aux Chenes ridges. This Feasibility Study was authorized by the
2004 LCA Plan and the 2007 Water Resources Development Act (WRDA 2007), which required
the completion of a Feasibility Study and the incorporation of the study findings into a signed
Chief of Engineers Report, which must be submitted to Congress by the Secretary of the Army
by December 31, 2010.

Pursuant to the completion of this Feasibility Study, a CEM was developed to establish causal
hypotheses that best explain the major alterations in the natural systems within the study area, to
identify attributes of the natural system that are likely to exhibit a response to project features,
and to identify performance measures that can be monitored to determine the degree of project
success with respect to countering or correcting the natural system alterations.

2.2.1 Project Goals and Objectives

In consultation with the non-Federal sponsor and other interested parties, Goals and Objectives
were developed in the first quarter of 2009. They are presented in Table 2.1.
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Table 1: Goals and Objectives

Overarching System Goal Objective
Restore and maintain ecological A. Maintain the current area of marsh habitat, of all
integrity, including habitats, types (41,206 acres) that provide life requisite

communities, and populations of native | habitat conditions for native coastal marsh fish and
species, and the processes that sustain wildlife.

them by reversing the trend of
degradation and deterioration to the area | B. Restore adequate freshwater and nutrient inputs

between the Mississippi River and the into the project area such that sustainable areas of
River aux Chenes ridges, so as to fresh, intermediate, brackish and saline marsh are
contribute towards achieving and present and existing areas of marsh acres are

sustaining a larger coastal ecosystem that| maintained.
can support and protect the environment,
economy, and culture of southern C. Restore sediment inputs into the project area
Louisiana and thus contribute to the equivalent to an average of approximately 1,328,580
economy and well-being of the Nation. | cubic yards of sediment per year.

2.2.2 Project Description

The Medium Diversion at White Ditch project study area is located in LCA Subprovince 1 in the
Breton Sound hydrologic basin in Plaquemines Parish, Louisiana (see figure 1.1). The boundary
of the project encompasses over 98,000 acres of intermediate to brackish intertidal wetland
habitats. The study area boundary follows distinct landscape features beginning in the north with
the confluence of the non-Federal back levee and the Forty-Arpent Canal, extending along the
non-Federal back levee, the Mississippi River levee, the Federal back levee and along the left
descending natural bank of the Mississippi River to the west; past American Bay, California Bay,
and through Breton Sound, near Bay Gardene to the south; into and along River aux Chenes to
the east, and back to the point of beginning. The area has been significantly impacted by recent
tropical storms and hurricanes and is currently isolated from the effects of the Caernarvon
freshwater diversion, located at the northern end of the Breton Sound basin.

The area of interest where a diversion structure could be located occurs on the left descending
bank of the Mississippi River, between White Ditch to the north (River Mile 64.5 above Head of
Passes [AHP]) and the community of Phoenix to the south (River Mile 59.8 AHP). This 4.7-mile
stretch is unique in that there is no hurricane protection levee (back levee) on the marsh side that
protects existing homes and infrastructure from elevated water levels (tidal or storm surge). The
Mississippi River levee is the only flood protection structure that keeps river water from entering
the project study area. This situation minimizes the amount of infrastructure that could be
affected by construction of a diversion structure and allows for a broader array of measures to be
considered in addressing problems in the project area. The diversion influence area is
approximately 98,000 acres encompassing an estuarine marsh system that has been heavily
influenced by both man-made and natural processes. Channel construction, subsidence, erosion,
saltwater intrusion, and storm-related damages have all significantly altered the natural
environment, causing extensive losses of wetland habitats.

The location selected for the Tentatively Selected Plan is just north of Phoenix, LA. There are no
known structures within the footprint of this area. It runs from the junction of the MR&T levee
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and the Federal back levee to a point approximately 9,200 feet north on the MR&T levee. The
White Ditch Value Engineering team identified this area as a good location to intake sediment
because it is on a point bar. Point bars are locations where sediments drop out of the water
column and settle. It is centrally located within the study area and could yield benefits to the
north and south.

Wi

"N Medium Diversion at White Ditch
i W Louisiana Coastal Area (LCA) Program [

Bay,,

: {t.‘;‘

31y Boeufs

Bay Gardene

Project
Boundary

Breton Sound

Figure 2. Medium Diversion at White Ditch Project Study Area.

3.0 CONCEPTUAL ECOLOGICAL MODEL DISCUSSION

The CEM developed for the Medium Diversion at White Ditch project is presented in Figure 3.
Model components are identified and discussed in the following subsections.

3.1 Drivers
3.1.1 Anthropogenic Alterations — Altered Hydrology

The historic hydrology of the project area indicates that the current course of the Mississippi
River has remained the same for the last 700 years and has directly influenced the development
of the entire area. The project area is located on the east side of the Mississippi River and was
formed between two natural levee ridge systems, River aux Chenes on the east and the
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Mississippi River on the west. There are also two unnamed bayou ridges found within the project
area. These ridges formed along the old natural bayous which were distributary channels for the
Mississippi River. These natural bayous once carried sediments and nutrients into the project
area during high river stages when the natural ridges were seasonally overtopped.

In the historical setting, floodwater from the river would recede and sediments and nutrients
would be deposited in the inter-distributary basins located between ridges. During normal or low
river stages the ridges along the distributary channels served like levees and buffered the basin
areas from the daily tidal influence. This buffering effect created a low energy freshwater
environment in the inter-distributary basins, forming deep organic soils. Drainage to the area was
provided by a high water event breaching the River aux Chenes ridge in the southern part of the
project area. This event caused the development of the Bayou Garelle tributary channel.

The present day hydrology of the project area has been altered and no longer functions in a
historically natural pattern. Historically, water moved very slowly through the system.
Freshwater slowly exited the system through meandering pathways in the marsh and saltwater
was slow to intrude. Anthropogenic changes in the marsh allow water to rapidly pass through the
system and saltwater is able to quickly intrude. The hydrologic balance within the marsh has
been disturbed due to the following anthropogenic changes:

e The Mississippi River can no longer overflow its banks into the project area due to the
Mississippi River protection levee. This has eliminated the introduction of freshwater
from the river and disrupted natural sediment deposition patterns.

e Channels have been dredged through natural ridges, which has increased drainage and
tidal exchange and exposed the soil to erosive forces.

3.1.2 Exotic and Invasive Species

Water hyacinth is a common invasive species in the Breton Sound Basin. It has already been
demonstrated that areas supplied with freshwater from the river often becomes choked with
dense floating mats of water hyacinth. Water hyacinth can eliminate the ability to utilize all
propeller driven watercraft and can even restrict the mobility of airboats. During large storm
events these floating mats can be picked up and dumped on native marsh vegetation. The result
is that the native vegetation dies and the area is susceptible to erosive forces. Freshwater
introduction by the Medium Diversion at White Ditch project has the potential to improve
conditions for its growth. Opportunities exist to control this incursion through effective
diversion, flexible management, prescribed burns of marsh grass, and chemical control.

Nutria is a common invasive species throughout the project area. Nutria is an introduced rodent
that has proliferated throughout much of southern Louisiana. They are known to decimate marsh
vegetation. Any marsh created by the project would be susceptible to damage by nutria. It may
be necessary to deploy control measures if nutria become a problem in the project area.
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White Ditch Conceptual Ecological Model
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Figure 3: Conceptual Ecological Model, LCA Medium Diversion at White Ditch Project
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3.1.3 Relative Sea Level Rise

Relative sea level rise consists of eustatic sea level rise combined with subsidence. Eustatic sea
level rise is defined as the global increase in oceanic water levels primarily due to changes in the
volume of major ice caps and glaciers, and expansion or contraction of seawater in response to
temperature changes. Baseline (i.e., recent) eustatic sea level rise in the project area is
approximately 0.75 foot/century. Subsidence is the decrease in land elevations, primarily due to
consolidation of sediments, faulting, groundwater depletion, and possibly oil and gas withdrawal.
Subsidence in the project area is approximately 2.35 feet/century. Relative sea level rise affects
project area marshes by gradually inundating marsh plants. Marsh soil surfaces must vertically
accrete to keep pace with the rate of relative sea level rise or marshes eventually convert to open
water due to the depth of submergence.

3.2  Ecological Stressors
3.2.1 Decreased Freshwater and Sediments

The altered hydrology of the project area results in less freshwater and associated sediment and
nutrients being delivered to marsh vegetation. Lack of freshwater facilitates increased saltwater
intrusion and its associated effects on marsh vegetation. Vertical accumulation of wetland soils is
achieved by accretion of mineral sediment inputs and/or organic accumulation resulting from
above and below-ground plant productivity (DeLaune et al. 1983, DeLaune et al. 1990a). The
survival and productivity of marshes is reliant on these soil-building processes to offset
submergence and sea level rise (DeLaune et al. 1978, DeLaune et al. 1979, DelLaune et al.
1990b). As the natural hydrology of the project area marshes has become short-circuited by
levees and canals, the residence time of the limited freshwater inputs has also decreased. Shorter
residence times result in less settling of suspended sediments and less uptake of nutrients.

3.2.2 Increased Saltwater Intrusion

The altered hydrology of the project area facilitates increased saltwater intrusion and increased
tidal exchange by providing efficient conduits for loss of freshwater and intrusion of saltwater.
Wetland plant species have evolved different levels of tolerance to salinity and respond to
salinity with different mechanisms. Numerous studies have demonstrated that elevated salinity
can negatively affect all wetland species and can contribute to large-scale vegetation dieback
(Chabreck and Linscombe 1982, McKee and Mendelssohn 1989). Storm surge can also be a
mechanism for saltwater intrusion. This form of saltwater intrusion can be particularly
detrimental to areas that have been hydraulically isolated, leading to extended durations of
saltwater inundation.

3.2.3 Increased Tidal Prism

Degrading marsh and anthropogenic influences such as canals have resulted in an increased tidal
prism. Healthy marsh acts like a sponge and slowly releases and absorbs tidal fluctuations.
Impaired marsh cannot effectively slow water tidal movements and therefore there is increased
erosion. Water flows in and out of the marsh at a much faster pace. Significant and immediate
erosion of marsh vegetation and associated soils can occur as a result of tidal fluctuations. Losses
may be more significant in areas that are already under stress from other ecological stressors but
healthy marsh systems can be significantly impacted as well.
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3.2.4 Habitat Conversion

Habitat conversion can be the result of several drivers acting independently or collectively. The
conversion of habitat can make an area more susceptible to storms and erosion as well as altering
the type of fauna expected to occur in the area. Freshwater marsh can be susceptible to saltwater
intrusion. The effects of invasive species can damage or displace native vegetation.

3.3  Ecological Effects
3.3.1 Increased Submergence

Wetland plants employ different physical and/or metabolic mechanisms that enable them to
tolerate and grow in flooded soils. However, in almost all cases plants are dependent on the
maintenance of soil surface elevations to sustain the flooding regime to which they are adapted.
Increases in flooding depth and duration cause stress to plants by altering metabolic function and
negatively impacting productivity, survival, and regeneration. Relative sea level rise in the
project area combined with insufficient accretion results in marsh systems with reduced
productivity, survival, and regeneration due to submergence. Organic matter accumulation is also
reduced, further exacerbating the impacts of submergence.

3.3.2 Decreased Wetland Health

Decreased freshwater, decreased nutrients, decreased residence time, increased saltwater
intrusion, and increased submergence all act to decrease the overall health of the project area
marshes. As marsh plants become stressed by inundation and saltwater intrusion, their
productivity, survival, and regeneration are all negatively impacted. Over time, healthy marshes
gradually decline to more interspersed marshes and eventually convert to open water.

3.3.3 Increased Wetland Loss

Wetland loss in the project area can be the result of gradual decline of marsh vegetation due to
inundation and saltwater intrusion eventually leading to complete loss of marsh vegetation or the
result of storm surge events. As marsh vegetation is lost, underlying soils are more susceptible to
erosion and are typically lost as well, leading to deeper water and precluding marsh regeneration.
Significant accretion of sediments is then required in order for marsh habitat to reestablish.

3.3.4 Loss of Navigation

Navigation can be significantly impaired by the presence of dense mats of water hyacinth. Water
hyacinth can choke canals and open water areas to the point where propeller driven craft are
completely incapable of utilizing once navigable waterways. In some cases the mats can become
so thick that they are even impassable by airboat.

3.4  Attributes and Performance Measures
3.4.1 Elevation and Accretion

Ground surface elevation has been identified as a key indicator of project success with respect to
increasing sediment and nutrient load within the study area. Comparison of pre-project
elevations with post-project elevations would serve to determine whether sediment input and soil
accretion is occurring within the study area in response to project features. A post-project
decrease in the rate of elevation decline would implicitly indicate the introduction of sediment
into the marshes as a result of the project. Two performance measures have been identified for
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this attribute, including surface elevation table measurements and feldspar marker horizon
measurements.

e Surface Elevation Table (SET) measurements provide a constant reference plane in space
from which the distance to the sediment surface can be measured by means of pins
lowered to the sediment surface. Repeated measurements of elevation can be made with
high precision because the orientation of the table in space remains fixed for each
sampling. Elevation change measured by the SET is influenced by both surface and
subsurface processes occurring within the soil profile.

e Feldspar marker horizon measurements involve the placement of a cohesive layer of
feldspar clay on the ground surface. Soil borings are extracted at the marker horizon
location periodically to measure the amount of soil deposition and/or accretion that has
occurred above the horizon since placement. Significant quantities of soil atop marker
horizons are indicative of soil building within the area, which in turn indicates an
increase in relative elevation.

A post-project stabilization of elevation as evidenced by SET measurements or documented soil
accretion atop a marker horizon within the study area would be an indication of significant
project success, while a post-project decrease in the rate of decline in elevation would be an
indication of moderate project success. Conversely, no change in the rate of elevation decline
post-project within the study area would indicate that the project did not succeed in offsetting
subsidence and, by extension, habitat conversion, and future land loss.

3.4.2 Land Cover

Land cover has been identified as a key indicator of project success with respect to preventing,
reducing, or reversing wetland loss in the study area. Comparison of pre-project land cover
characteristics with post-project land cover characteristics would serve to determine whether the
rate of conversion of marsh habitat to open water within the study area declines post-project.

e Spatial analysis has been identified as a performance measure for the determination of
the response of land cover to the proposed project. Spatial analysis may involve
comparative analysis of pre-project and post-project aerial or satellite imagery and may
utilize thematic mapper analysis to determine relative changes in habitat composition
within the study area.

A post-project stabilization in the total area of marsh habitat would be an indication of
significant project success, while a post-project reduction in the rate of marsh loss within the
study area would be an indication of moderate project success. Conversely, no change in the rate
of marsh loss within the study area would indicate that the project did not succeed in preventing
habitat conversion and, by extension, future habitat loss. Concurrently these tools would analyze
navigable waterways in pre- and post -project conditions.

3.4.3 Navigation

Preservation of interior navigation by controlling invasive species would also be a key
consideration. It would be beneficial to detect an increase in invasive species in navigable
waterways.

e Spatial analysis has been identified as a performance measure for the determination of
the increase of invasive species in the internal navigation systems within the proposed
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project. Spatial analysis may involve comparative analysis of pre-project and post-project
aerial or satellite imagery and may utilize thematic mapper analysis to determine relative
changes within the study area.

3.4.4 Plant Diversity and Distribution

Plant diversity and distribution has been identified as a key indicator of project success with
respect to preventing, reducing, or reversing wetland loss in the study area. Comparison of pre-
project vegetation monitoring data with post-project vegetation monitoring data would serve to
determine whether plant communities within the study area change in response to project
features resulting in habitat changes. Relative abundance has been identified as the performance
measure for this attribute.

e Relative abundance is a measure of the abundance or dominance of each species present
in a sample. Relative abundance can be used to document the degree of impact in an area
by measuring both species dominance and evenness. Relative abundance can be used to
assess marsh health by comparing plant density before and after project implementation.
The Braun-Blanguet method (Mueller-Dombois and Ellenberg 1974) as described in
Steyer et al. (1995) will be utilized to measure relative abundance.

A post-project stabilization of relative abundance within the study area would be an indication of
significant project success, while a post-project reduction in the rate of decline of relative
abundance would be an indication of moderate project success. Conversely, no change in the rate
of decline of relative abundance post-project would indicate that the project did not succeed in
increasing vegetation productivity.

3.4.5 Water Quality

Water quality has been identified as a key indicator of project success with respect to reducing
salinity levels and increasing sediment and nutrient loads within the study area. Comparison of
pre-project water quality with post-project water quality would serve to determine whether
freshwater throughput is introducing sediments and nutrients and flushing out saline waters
within the study area in response to project features. Three performance measures have been
identified for this attribute, including total suspended solids, nutrients, and salinity.

e Total suspended solids is a measurement of the total volume of sediment and other solids
suspended in a given volume of water. Project features are designed to increase the
amount of freshwater and consequently suspended sediments delivered to marshes in the
study area.

e Nutrients are chemical compounds or minerals contained in surface waters that are
extracted by organisms for nourishment. Common nutrients in surface waters include
nitrates, phosphates, and ammonia. Project features are designed to increase the amount
of freshwater and consequently nutrients delivered to marshes in the study area.

e Salinity is a measure of the concentration of dissolved salt in a given volume of water.
Surface waters within the study area often exhibit elevated salinity levels with respect to
their historic levels due to the altered hydrology of the area and periodically due to storm
surge. Project features are designed to increase the amount of freshwater in the project
area and consequently reduce salinity levels.
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Post-project improvements in water quality within the study area, as evidenced by analyses of
these measures, would be an indication of significant project success, while a post-project
stabilization or decline in water quality within the study area would indicate that the project did
not succeed in increasing riverine influence on the study area.

3.4.6 Soil Stability

Soil stability is a key indicator of the susceptibility of a marsh to erosive forces. The more stable
a marsh is, the less vulnerable it is to erosion. The type of sediment that comprises a marsh as
well as the vegetation present can influence stability. Shear strength would be used to measure
soil stability throughout the marsh.

e Shear strength has been identified as a performance measure for the determination of the
response of soil stability to the proposed project. Shear strength may involve comparative
analysis of pre-project and post-project conditions along canals or waterbodies to
determine whether the project is having positive effects on soil stability.

Final Integrated A-15 September 2010
Feasibility Study / SEIS



Annex 1 Volume VI — Medium Diversion at White Ditch

4.0 LITERATURE CITED

Barnes, T.K. and F.J. Mazzotti. 2005. Using Conceptual Models to Select Ecological Indicators
for Monitoring. Restoration and Management of Estuarine Ecosystems. In: S.A. Bortone
(ed.) Estuarine Indicators, CRC Press, Boca Raton, FL.

Chabreck, R.H. and G. Linscombe. 1982. Changes in vegetative types in Louisiana coastal
marshes over a 10-year period. Louisiana Academy of Sciences 45:98-102.

DeLaune, R.D., W.H. Patrick, Jr. & R.J. Buresh. 1978. Sedimentation rates determined by 137
Cs dating in a rapidly accreting salt marsh. Nature 275:12. pp. 532-533.

DeLaune, R.D., R.J. Buresh, and W.H. Patrick, Jr. 1979. Relationship of soil properties to
standing crop biomass of Spartina alterniflora in a Louisiana marsh. Estuarine Coastal
Marine Science 8: 477-487.

DelLaune, R.D., C. J. Smith, and W. H. Patrick. 1983. Relationship of marsh elevation, redox
potential, and sulfide to Spartina alterniflora productivity. Soil Sci. Soc. AM. J. 47:930-
935.

DeLaune, R.D., S. R. Pezeshki, J. H. Pardue, J. H. Whitcomb, and W. H. Patrick, Jr. 1990a.
Some influences of sediment addition to a deteriorating salt marsh in the Mississippi River
deltaic plain: A pilot study. Journal of Coastal Research 6:1:181-188.

DeLaune, R.D., W.H. Patrick, and N. Van Breemen. 1990b. Processes governing marsh
formation in a rapidly subsiding coastal environment. Catena 17:277-288. Cremlingen,
Germany.

Fischenich, J.C. 2008. The Application of Conceptual Models to Ecosystem Restoration.
Engineer Research and Development Center Publication TN-EMRRP-EBA-01. U.S. Army
Corps of Engineers, Vicksburg District, Vicksburg, MS.

McKee, K.L. and I.A. Mendelssohn. 1989. Response of a freshwater marsh plant community to
increased salinity and increased water level. Aquatic Botany 34:301-316.

Mueller-Dombois, D. and H. Ellenberg. 1974. Aims and Methods of Vegetation Ecology. New
York: John Wiley and Sons. 547 pp.

Ogden, J.C. and S.M. Davis. 1999. The Use of Conceptual Ecological Landscape Models as Planning
Tools for the South Florida Ecosystem Restoration Programs. South Florida Water
Management District, West Palm Beach, FL.

Steyer, G. D., R. C. Raynie, D. L. Steller, D. Fuller, and E. Swenson. 1995. Quality management
plan for Coastal Wetlands Planning, Protection, and Restoration Act monitoring program.
Open-file Series No. 95-01. Louisiana Department of Natural Resources, Coastal
Restoration Division, Baton Rouge.

U.S. Army Corps of Engineers. 2004. Louisiana Coastal Area (LCA) Ecosystem Restoration
Study. Volume I: Main Report. New Orleans District, New Orleans, LA.

Final Integrated A-16 September 2010
Feasibility Study / SEIS



