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S REPORT SUMMARY: MISSISSIPPI RIVER GULF OUTLET
(MRGO) ECOSYSTEM RESTORATION PLAN

SA1 STUDY INTRODUCTION AND INFORMATION

Approximately 3,000 years ago the Mississippi River followed a different course than it does
today as it drained water from the interior of the continent to the Gulf of Mexico. Geologists call
this ancient river pathway the St. Bernard Delta. While on this course, the river created a vast
complex of coastal wetlands east of New Orleans that remain between the city and the gulf
today. Tidal salt marshes in this one part of Louisiana‘s coast alone surpass the total acreage of
salt marsh found along the entire east coast of the United States.

The area‘s rare and sensitive coastal habitats are home to thousands of resident and migratory
waterfowl, numerous fresh water, estuarine and marine fish species, as well as many reptiles
and mammals. Cypress swamps are generally found close to the river in the fresher portions of
the estuary. Coastal ridges that were formed by the ancient tributaries of the Mississippi River
support oak trees and other woody vegetation offering refuge habitat to the estuary‘s non-
aquatic inhabitants. The outer barrier islands protecting the estuary form a unique wild
landscape along the Louisiana coast. These sand islands harbor submerged seagrasses that
provide food and shelter for fish, marine turtles, and diving birds. In addition, the island beaches
provide important spawning habitat for gulf fishes. President Roosevelt visited Breton Island at
the southern end of the Chandeleur Island chain. Out of concern for nesting shore birds on the
island the President designated it as the Nation‘s second National Wildlife Refuge in 1904.

New Orleans is world renowned for its rich culinary tradition. A large part of this tradition stems
from the bounty that fishermen catch and haul from the area‘s wetlands and waterways. The
marshlands east of the river are recognized by the state’s wildlife and fisheries commission as
the -backbone of the oyster industry.” Blue crabs, both jumbo hard crabs and soft shell crabs,
are a delicacy shipped far and wide to tables in some of the Nation’‘s best restaurants. With the
downturn in oyster and crab harvests in the Chesapeake Bay region, supplies from Louisiana
estuaries have increased in notoriety and economic importance.

Sportsmen from the New Orleans area and beyond depend on area marshes for recreational
pursuits. Charter trips for fishing in the Biloxi Marsh, a large wetland complex located between
Chandeleur Sound and Lake Borgne, are commonplace. Many fly fishermen and other salt
water fishermen travel to this area that has been nicknamed -the land of the giants” because of
the large schools of red drum that populate the wetlands, bayous and bays in the system. From
a waterfowl perspective, the wetlands near New Orleans has been described as a location of
-extreme importance” and -by far the one of the most important areas in southeast Louisiana.”

From a historical perspective, the wetlands east and southeast of New Orleans have played an
important role for our Nation and the world. In 1815 the British army approached the American
forces at New Orleans by marching up the banks of Bayou Bienvenue after disembarking from
their ships in Lake Borgne. Those same soldiers made their retreat along the bayou after the
American victory at the Battle of New Orleans. During a later war, the waterways and wetlands
of the area served as a testing ground for Andrew Higgins‘ beach landing craft. The specialized
shallow draft vessels were designed and manufactured in New Orleans. The boats were key

S-1 June 2012



Mississippi River Gulf Outlet Ecosystem Restoration Plan
Final Feasibility Report Summary

equipment needed to land Allied forces on the beaches of Normandy. General Eisenhower later
credited Mr. Higgins and his boats with helping to win World War 1.

After the war, America's soldiers returned home and the Nation turned its focus to economic
development. The Port of New Orleans, a key maritime center for the country, viewed the
wetlands east of the city and along the Gulf Intracoastal Waterway as prime areas for industrial
and maritime expansion. Plans were devised to expand the port to accommodate more
international trade and better secure naval defense forces. This vision led to the creation of a
Tidewater Development Association that promoted the concept of a seaway canal for ships. The
port commission, the development association and the Louisiana Congressional delegation
worked to have the Corps of Engineers create navigation plans for a new canal linking the port
to the Gulf of Mexico. The purpose of the canal was to eliminate the need for vessels to make
the difficult and dangerous trip from the Gulf of Mexico up and down the Mississippi River to the
riverside wharfs in New Orleans. After ship channel studies were completed, Congress provided
funds in 1956 for the Corps of Engineers to construct the Mississippi River Gulf Outlet.

The Mississippi River Gulf-Outlet (MRGO or -Mister Go”) was a 76-mile manmade navigation
channel built to provide a shortcut from the inner harbor area of the Port of New Orleans to the
Gulf of Mexico. Constructed in 1950s-1960s, the MRGO navigation channel directly removed
wetland habitat and influenced ecosystem changes. The channel allowed the intrusion of
saltwater into the vast wetland complex bordering the City of New Orleans and surrounding
coastal communities east of the Mississippi River. The dredging and filling during the
construction of MRGO destroyed thousands of acres of wetlands, interrupted the local
circulation patterns of natural waterways that transected the channel, and breached an
important hydrologic boundary when the channel was cut through the ridge at Bayou La Loutre.

After the MRGO was completed, significant habitat shifts occurred as the area converted to a
higher salinity system as a result of saltwater intrusion from the gulf into the estuary. Operation
of the MRGO resulted in high rates of shoreline erosion from ship wakes, further destroying
wetlands and threatening the integrity of the Lake Borgne shoreline and adjacent communities,
infrastructure, and cultural resources. Erosion of the MRGO channel banks and the daily influx
of saltwater in the tides facilitated the transition of the estuary toward a more saline system.

Prior to construction of the MRGO, tidal movement into Lake Borgne was dominated by flow
from Mississippi Sound. The tidal flow from Breton Sound was reduced as it moved northwest
across the marshes and wetlands toward Lake Borgne. Following construction of the MRGO the
circulation pattern reversed, with the dominant tidal flow into Lake Borgne coming from the
Breton Sound area via the MRGO. Before channel construction, habitats were aligned along
salinity gradients and reflected a varied landscape and interspersed watercourses.

Public controversy surrounding the channel arose even before its construction and spanned
over five decades before the landfall of Hurricane Katrina in 2005. After the storm, the Corps of
Engineers responded to Congressional direction and developed a channel closure plan. In
2009, the ship channel was closed with a large rock structure at the site of a prominent coastal
ridge (Bayou La Loutre) that had been severed during channel construction. As a result of the
closure, ship traffic no longer transits the channel and environmental conditions are improving
with salinity falling throughout the estuary. Although positive, these environmental benefits will
not replace the habitats lost in the area.
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In the Water Resources Development Act (WRDA) 2007, Congress requested an ecosystem
restoration plan for the areas affected by the MRGO channel and a plan to restore natural
features that reduce storm surge damages. This report tells how the United States Army Corps
of Engineers (USACE), along with an interagency team and local stakeholders, developed a
plan to restore one of the most unique and productive ecosystems in the world.

S.2 STUDY AND PROJECT AUTHORITY
The study is authorized by WRDA of 2007 Section 7013 to develop a plan that would:

¢ physically modify the MRGO and restore the areas affected by the navigation channel,

o restore natural features of the ecosystem that will reduce or prevent damage from storm
surge;

e prevent the intrusion of saltwater into the waterway;

¢ integrate the recommendations of the Louisiana Coastal Area Report and the Louisiana
Coastal Protection and Restoration Technical Report; and

e consider the use of native vegetation and diversions of fresh water to restore the Lake
Borgne ecosystem.

The plan is conditionally authorized for construction, pending the determination by the Assistant
Secretary of the Army (Civil Works) (ASA(CW)) that the project is cost-effective, environmentally
acceptable, and technically feasible. This conditional authorization also assumes that a viable
sponsor(s) will be identified as required by Section 221 of Public Law 91-611, Flood Control Act
of 1970, as amended and by Section 103 of the WRDA 1986, as amended.

Additionally, the MRGO Ecosystem study initiated study of the Violet, Louisiana Freshwater
Diversion project, as authorized by Section 3083 of WRDA 2007, for the design and
implementation of a freshwater diversion at or near Violet, Louisiana for purposes of reducing
salinity in the western Mississippi Sound, enhancing oyster production, and promoting the
sustainability of coastal wetlands. The report recommends that the feasibility-level study
regarding the Violet, Louisiana Freshwater Diversion be continued under the authority of
Section 3083 of WRDA 2007, together with those elements of the MRGO Ecosystem
Restoration project for which success requires the implementation of the Violet, Louisiana
Freshwater Diversion Canal.

S.3 STUDY AND PROJECT AUTHORITY
MRGO ECOSYSTEM RESTORATION PLAN: VIEWS OF THE STATE OF LOUISIANA:

The study is 100% Federally funded. After extensive discussions with the State of Louisiana, a
non-Federal sponsor has not been identified for implementation of the MRGO Ecosystem
Restoration Plan authorized by Section 7013 of WRDA 2007.

The State of Louisiana has been involved in the development of the MRGO ecosystem
restoration plan. The plan has been formulated to be consistent with Louisiana's
Comprehensive Master Plan for a Sustainable Coast (Master Plan). For example, the 2007
State Master Plan specifically recommended restoration of wetlands and swamps in the Central
Wetlands and Golden Triangle areas, which is included in the FIP. The Master Plan was
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developed with intensive public input and was unanimously adopted by the Louisiana
Legislature.

In a letter dated August 12, 2010, the State of Louisiana expressed -its continuing support of the
Mississippi River Gulf Outlet Ecosystem Restoration Project” and declared -full support for the
Mississippi River Gulf Outlet Ecosystem Restoration Program" (See Figure 4-2). However, this
letter also expresses the State of Louisiana's view that the Mississippi River-Gulf Outlet
Ecosystem Restoration Project should be undertaken at full Federal expense and that the state
should have no financial obligations with respect to the Mississippi River Gulf Outlet Ecosystem
Restoration Project.

Implementation of the ecosystem restoration plan would require identification of a non-Federal
sponsor and execution of a binding cost sharing agreement. As of the date of this report,
USACE has not received a letter of intent from the State of Louisiana to serve as the non-
Federal sponsor to cost share in implementation of the ecosystem restoration plan. The USACE
will continue to coordinate with the State of Louisiana in the development and implementation of
the restoration plan.

VIOLET, LOUISIANA FRESHWATER DIVERSION PROJECT, VIEWS OF THE STATE OF
LOUISIANA AND THE STATE OF MISSISSIPPI

Section 3083 of WRDA 2007, citing the Corps of Engineers feasibility study entitled -Mississippi and
Louisiana Estuarine Areas: Freshwater Diversion to Lake Pontchartrain Basin and Mississippi
Sound” dated 1984, authorizes the Corps of Engineers to design and implement a project for the
diversion of freshwater at or near Violet, Louisiana for the purposes of reducing salinity in the western
Mississippi Sound, enhancing oyster production and promoting the sustainability of coastal wetlands.
Section 3083 identifies the State of Louisiana and the State of Mississippi as non-Federal sponsors
for the non-Federal 25% share of the design and implementation of the Violet, Louisiana Freshwater
Diversion project.

The State of Mississippi, along with the State of Louisiana, has been actively involved in the
development of the Violet, Louisiana Freshwater Diversion project. The final recommendations for
the plan addressed in this report include a recommendation for additional analysis, design and
implementation of the Violet Freshwater Diversion as authorized by WRDA 2007 Section 3083.. In a
letter dated September 20, 2010 the Mississippi Department of Marine Resources (MDMR) declared
its full support for the Violet, Louisiana Freshwater Diversion project (See Figure 4-3) and its
understanding of its non-Federal cost sharing obligation. The State of Mississippi‘s letter also states
its desire that the USACE, to the fullest extent possible, seek full Federal funding for the project. .
USACE has not received a letter of intent from the State of Louisiana regarding the Violet project;
however, since this report recommends further study and analysis, such a letter of intent is not
required at this time..

Before the Violet, Louisiana Freshwater Diversion project can be implemented, the USACE wiill
require a letter of intent to serve as the non-Federal sponsor and a self-certification of the non-
Federal sponsor's financial capability from both the State of Mississippi and the State of
Louisiana, including a clear statement of each State’s willingness and ability to provide its
required cost share and other items of local cooperation for the project, as described in this
report. Prior to the commencement of construction by USACE, Federal law requires that both
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States execute a binding written agreement wherein they agree to provide all of the non-Federal
obligations for the construction, operation, maintenance, repair, rehabilitation and replacement
of the Violet, Louisiana Freshwater Diversion project. USACE will continue to coordinate with
the State of Mississippi and the State of Louisiana in the development and implementation of
the Violet, Louisiana Freshwater Diversion project.

S.4 STUDY PURPOSE AND SCOPE

The MRGO was authorized as a 36-foot-deep, 500-foot-bottom-width waterway (38 feet deep,
600 feet wide at the Gulf of Mexico entrance) extending from the Inner Harbor Navigation Canal
(IHNC) to the 38-foot depth contour in the Gulf of Mexico. Construction of the channel began in
1958 and the channel was completed in 1968.

In August 2005, Hurricane Katrina caused shoaling in the MRGO channel limiting its depth to 22
feet, and thus restricted deep-draft vessel access. Rather than continue funding operation and
maintenance of the channel, in June 2006, the Congress requested a plan for deauthorization of
the MRGO (see Public Law 109-234).

The USACE submitted an interim report in December 2006 highlighting a plan to close the
MRGO from the Gulf Intracoastal Waterway (GIWW) to the Gulf of Mexico. In January 2008, the
Chief of Engineers signed a report recommending deauthorization of the channel, construction
of a closure structure across the channel at Bayou La Loutre, and development of a
supplemental report to provide an ecosystem restoration plan for the areas affected by the
MRGO. On June 5, 2008, the Assistant Secretary of the Army (Civil Works) (ASA(CW))
forwarded the Final MRGO Deep-Draft De-authorization Report to Congress, officially
deauthorizing the MRGO federal navigation project from the GIWW to the Gulf of Mexico.

The MRGO Deep Draft De-authorization Report recommendations resulted in the construction
of a rock closure structure across the MRGO near the Bayou La Loutre ridge in St. Bernard
Parish, Louisiana, which was completed on July 9, 2009.

The Mississippi River Gulf Outlet (MRGO) Ecosystem Restoration Plan Feasibility Study is
being developed as a supplement to the June 2008 MRGO Deep-Draft De-Authorization Report
and is intended to fully meet the requirements of the Water Resources Development Act
(WRDA) of 2007 Section 7013. This feasibility study will result in a Report of the Chief of
Engineers describing the federally identified plan for MRGO Ecosystem Restoration and
recommending construction of features for early implementation contingent upon the
identification of a non-Federal sponsor. The Plan will address systematic ecosystem restoration
and protection of the Lake Borgne ecosystem and areas affected by the MRGO navigation
channel, and will include considerations of measures to reduce or prevent damage from storm
surge. The study integrates the findings of ongoing comprehensive restoration planning efforts
in the study area, including the Louisiana Coastal Protection and Restoration (LACPR) Final
Technical Report, the Louisiana Coastal Area (LCA) Program, and Louisiana‘s Comprehensive
Master Plan for a Sustainable Coast.

The cumulative effects of human and natural activities in the Louisiana coastal area have
severely degraded the deltaic processes and shifted the coastal area to a net land loss
condition. Many studies have been conducted to identify the major contributing factors (e.g.,

S-5 June 2012



Mississippi River Gulf Outlet Ecosystem Restoration Plan
Final Feasibility Report Summary

Boesch et al. 1994; Turner 1997; Penland et al. 2000), and many studies agree that land loss
and the degradation of the coastal ecosystem are the result of both natural and human induced
factors, producing conditions where wetland vegetation can no longer survive and land is lost.
Establishing the relative contribution of natural and human-induced factors is difficult. In many
cases, the changes in hydrologic and ecologic processes manifest gradually over decades and
in large areas, while other effects occur over single days and impact relatively localized areas.

The study purpose is to develop alternative plans to restore natural features and processes in
the Lake Borgne ecosystem and areas affected by the former navigation channel. Construction
recommendations will be developed to restore historic habitat types and natural ecological
processes in concert with other large-scale comprehensive ecosystem restoration plans.

S.4.1 Project Location / Congressional District

The study area (Figure S-1) includes portions of the Mississippi River Deltaic Plain in coastal
southeast Louisiana and parts of coastal southwest Mississippi. It encompasses approximately
3.84 million acres (6,023 square miles) of land and open water.

The study area is located in Louisiana Congressional Districts 1, 2, and 3; and Mississippi
Congressional District 4.

S.4.2 Prior Studies, Reports and Existing Water Projects

Information related to the study area has been accumulated over more than five decades. This
study builds upon existing studies, reports and plans. For example, study area problems and
opportunities have been documented in numerous prior studies. Where conditions have
changed or new information has become available, additional analyses have been performed to
develop an ecosystem restoration plan based on sound science and engineering.

S4.3 Federal Interest

For ecosystem restoration projects, alternatives are evaluated using contributions to National
Ecosystem Restoration (NER). The basis of this contribution is cost effectiveness and
incremental cost analyses of the possible restoration alternatives and significance of ecosystem
outputs (benefits) that accrue in the planning area and the nation.

By law and current and past Administration policy, ecosystem restoration, navigation and flood
damage reduction are the primary missions of the Corps of Engineers. The need to reduce the
loss of Louisiana coastal wetlands has been recognized by the current and past Administrations
and Congress. The Coastal Wetlands Planning, Protection and Restoration Act program
(CWPPRA or Breaux Act”) provides targeted funds through 2019 to be used for planning and
implementing projects that create, protect, restore and enhance wetlands in coastal Louisiana.
The Coastal Impact Assistance Program (CIAP) was authorized by Section 384 of the Energy
Policy Act of 2005, to assist coastal producing states and their political subdivisions in mitigating
the impacts from Outer Continental Shelf (OCS) oil and gas production. Louisiana is one of the
six coastal states selected to receive funds under this appropriation to implement this program.
On November 8, 2007, Congress passed the Water Resources Development Act of 2007,
authorizing the MRGO Ecosystem Restoration Plan.
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In October 2009, President Obama formed the Louisiana-Mississippi Gulf Coast Ecosystem
Restoration Working Group, co-led by the White House Council on Environmental Quality (CEQ) and
the Office of Management and Budget (OMB) and comprising senior-level officials from the National
Oceanic and Atmospheric Administration (NOAA), the U.S. Environmental Protection Agency (EPA),
and the Departments of the Army (USACE), Homeland Security, the Interior, and Transportation. The
Working Group has developed a Roadmap for Restoring Ecosystem Resiliency and Sustainability in
the Louisiana and Mississippi Coast. One of the findings of this roadmap is that bold and decisive
action is needed now to curtail the rate of wetland loss and barrier island erosion in the area and to
restore some of these lost features and ecosystem services.”

The Administration has repeatedly demonstrated a commitment to coastal restoration in
Louisiana. President Barack Obama made the following statement during his 2009 visit to the
Gulf Coast:

“‘We've already seen 220 miles worth of levees and flood walls repaired, and we are
working to strengthen the wetlands and barrier islands that are the first line of defense for
the Gulf Coast. This isn't just critical to this region’s physical protection, it's critical to our
environment, it's critical to our economy.” - President Barack Obama, October 15, 2009

During this visit, the Council on Environmental Quality visited the Bienvenue Triangle in the
Central Wetlands. Restoration of this area is a key component of the study.

The nation derives significant benefits from the coastal Louisiana ecosystem: protection for the
production and transport infrastructure for about 30 percent of the nation‘s oil and gas supply;
the Nation‘s second largest commercial fishery; and navigation and port facilities which together
support America‘s number one port complex by tonnage.

S-7 June 2012



Mississippi River Gulf Outlet Ecosystem Restoration Plan
Final Feasibility Report Summary

Figure S-1 Study Area
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The plan would restore rare and unique habitat, including coastal ridge, cypress swamp, and
fresh marsh. These habitat types are institutionally and technically significant due to relative
scarcity and importance. The study area includes environmental resources that are protected by
the Endangered Species Act of 1973; Fish and Wildlife Conservation Act of 1980; Fish and
Wildlife Coordination Act of 1958, as amended; Migratory Bird Conservation Act; Migratory Bird
Treaty Act; and Executive Order 13186 Migratory Bird Habitat Protection.

The USFWS, in a letter dated October 31, 2008, formally requested that significant fish and
wildlife resources be fully considered and addressed in this study, including: seabirds,
shorebirds, wading birds, migratory and resident waterfowl, and estuarine-dependant fishes and
shellfishes.

Coastal Louisiana‘s wetlands support neotropical and other migratory avian species such as
rails, gallinules, shorebirds, wading birds, and numerous songbirds, as well as many different
furbearers, rabbits, deer, and alligators. Louisiana coastal wetlands provide neotropical
migratory birds essential stopover habitat on their annual migration route. The coastal wetlands
in the study area provide important and essential fish and wildlife habitats, used for shelter,
nesting, feeding, roosting, cover, nursery, and other life requirements.

Emergent wetlands and shallow open water areas in the study area provide important habitat
and Essential Fish Habitat (EFH). By letter dated October 27, 2008, the National Marine
Fisheries Service (NMFS) indicated water bodies and wetlands in the study area provide
nursery and foraging habitats supportive of a variety of economically important marine fishery
species. Some of these species also serve as prey for other fish species managed under the
Magnuson-Stevens Act by the Gulf of Mexico Fishery Management Council and highly
migratory species managed by NMFS.

Wetlands of national interest that would benefit from the implementation of the FIP include those
found in the Bayou Sauvage National Wildlife Refuge and the Pearl River and Biloxi Wildlife
Management Areas.

S.44 Key Planning Assumptions

In formulating and evaluating alternatives, certain assumptions or simplifications were required.
Table S-1 provides a brief summary of the major assumptions and the scientific basis or
rationale behind each assumption.
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Table S-1. Key Assumptions

Assumption

Rationale for the Assumption

Study Area

The MsCIP (Mississippi Coastal Improvements
Program) and other planning efforts led by the
USACE Mobile District will address vegetated
habitat ecosystem restoration needs in the
portions of the study area located in Mississippi.
Except for diversions of freshwater, the MRGO
ecosystem restoration study will not formulate
measures for the purpose of ecosystem
restoration in Mississippi.

The MsCIP Comprehensive Plan addressed
ecosystem restoration needs in the Bay St. Louis
and western Mississippi Sound areas, such as
barrier island and submerged aquatic vegetation
restoration. To avoid redundancy and ensure
consistency with that plan, the MRGO ecosystem
restoration plan will not re-evaluate those
authorized measures.

Plan Objectives

It is not a study objective or restoration target to
restore the study area to a pre-MRGO
hydrologic condition.

This condition cannot be achieved within the study
constraints due to authorized navigation and risk
reduction protection projects and other landscape
changes.

The primary purpose of the plan is ecosystem
restoration. Hurricane and storm damage risk
reduction through the protection and restoration
of natural features contributes to the need for
the plan and is an authorized goal of the study.
The reduction of damages will not be monetarily
quantified. This portion of the study authority will
be achieved through the restoration of habitat in
areas identified as critical landscape features for
storm surge reduction in scientific literature.

The WRDA implementation guidance dated 28
April 2009 says, —Rernative plans shall be
formulated for the purpose of ecosystem
restoration inclusive of the requirements set forth in
Section 7013 of WRDA 2007.” Ecosystem
restoration studies do not require the quantification
of economic benefits. Benefits of coastal landscape
features with respect to hurricane and storm
damage risk reduction are difficult to empirically
quantify due to the complex interaction of dynamic
variables.

Future Without Project Conditions

Restoration of the Lake Maurepas swamps is
assumed to be part of the future without project
conditions.

Swamp restoration in these areas is addressed
through several authorized LCA and CWPPRA
diversion projects.

Period of Analysis

For comparison of alternatives, the total period
of analysis is from 2011 to 2065.

The period of analysis includes implementation
plus 50 years. The implementation phase is 2012
to 2015 (begins with the first PED year; concludes
with first construction completion year). The 50-
year period begins with the first year of operation
(first year when benefits would be realized) and is
2015 to 2065. Consideration beyond the period of
analysis is given to environmental factors.
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Table S-1. Key Assumptions

Assumption Rationale for the Assumption

Relationship to Violet, Louisiana Freshwater Diversion Authority
Section 3083 of WRDA 2007 authorizes the This study has identified that a freshwater diversion

. : . ; ; at or near Violet may be a key driver in the
gg:'rg\r}igg I&ﬂ;ﬂigta\}\l/ﬁ?cﬁfisaI‘cj)lc\:/aetresclio\?vi’?r:irc:r sustainability of the restoration of areas affected by
' ’ . the MRGO and the Lake Borgne ecosystem.
the MRGO Ecosystem Restoration Plan study Feasibility level i tiaati f th oct
area. A freshwater diversion project at or near easiblity Ievel INvestgations ot the project
the Violet Canal will be analvzed as a authorized in WRDA 2007 Section 3083, will be
component of the MRGO Er,yos stem included in this study, consistent with the
Rest%ration Plan y Implementation Guidance for Section 7013 WRDA
] 2007 dated 28 April 2009.

Minimum Restoration Target

The minimum restoration targets were These targets were set to produce a plan that
developed to include direct and indirect habitat meets the requirements of the study authority and
impacts of the former navigation channel by USACE requirements for completeness,

habitat type. Impacts include construction, effectiveness, efficiency, and acceptability.

operation, and maintenance of the MRGO
through 2008.

Measures
Maintenance will be performed on all plan Periodic maintenance actions will be developed to
features. sustain benefits over the period of analysis.

Marsh restoration areas will include vegetative Marsh nourishment is performed using a thin layer
plantings but marsh nourishment areas will not. | of sediment slurry over existing marsh so it is
assumed that the existing marsh vegetation will
survive.

S.5 STUDY OBJECTIVES
S.5.1 Problems and Opportunities

Study area problems and opportunities have been documented in numerous prior studies.
Systemic problems were identified for the entire study area. The study area was divided into
subunits, and each subunit was examined to determine specific problems and opportunities for
these smaller areas. The overarching environmental problem in the study area is a lack of
sustainability of the coastal ecosystem, primarily due to coastal land loss. Natural processes
and human actions, such as the construction and operation of the MRGO, contributed to
degradation in the Lake Borgne ecosystem, and threaten the long-term viability of the study
area.

Table S-2 identifies study area problems and ecosystem restoration opportunities to address
each problem (see also Figure S-3).
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Table S-2. System-Wide Study Area Problems and Opportunities

Problems

Opportunities

Decreased Freshwater,
Sediment, and Nutrient
Inputs

Modification of Natural
Hydrology

Saltwater Intrusion
Wetland Loss

Ridge Habitat Degradation
and Destruction

Bank/Shoreline Erosion
Habitat Changes and Loss

Invasive Species
Herbivory

Retreating and Eroding
Barrier Islands

Human Development
Susceptible to Storm Surge

Increase sediment, freshwater, and nutrient inputs Increase organic
deposition.

Restore altered tidal circulation patterns and improve water quality.

Prevent saltwater intrusion.
Create wetlands, nourish, and prevent the continued loss of wetlands.
Restore ridge habitat.

Prevent bank and shoreline erosion.

Restore habitat types such as swamps, ridges, submerged aquatic
vegetation, oyster reefs, and barrier islands.

Eliminate or reduce invasive species.
Prevent herbivory.
Restore barrier islands.

Reduce or prevent storm surge damage through restoration of natural
ecosystem features.

S.5.2

Planning Objectives

Planning objectives were developed to address systemic ecosystem problems and the
Congressional mandate of the study authority. Construction and maintenance of the MRGO
caused wetland loss and environmental damage in the study area. The study objectives were

developed to address the habitat impacts of the former navigation channel to restore study area
biodiversity and ecosystem function. The storm surge risk reduction component of the study
authority was addressed by including restoration of critical landscape features in the objectives.
While storm models show benefits from additional marsh, island, and landbridge habitat in some
areas, the effects of allowing existing features to degrade in these areas are even more
pronounced (USACE 2009).

The objectives for the MRGO Ecosystem Restoration Plan follow:

1. Restore historic salinity conditions in the study area to re-establish and maintain historic habitat
types; optimize ecosystem services; and decrease stress to vegetation as measured by the
monthly salinity targets in the Biloxi Marsh (as identified by Chatry et al. 1983) each month of the
year, for at least four years out of every ten year period (see Figure S-2).

2. Restore native habitat acreages impacted by the MRGO and their ecosystem functions.

a. Increase the year round spatial coverage of cypress swamp habitat in the Central Wetlands
by at least 9,500 acres by 2065.

b. Increase the year round spatial coverage of fresh/intermediate marsh in the Central
Wetlands, Golden Triangle, MRGO, and South Lake Borgne by at least 6,800 acres by 2065.
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3.

c. Increase the year round spatial coverage of brackish marsh in Bayou Terre aux Boeufs, the
Biloxi Marsh, and the East Orleans Landbridge by approximately 18,100 acres by 2065.

d. Increase the year round spatial coverage of vegetated wetlands in areas adjacent to the
channel lost to increased tides and salinity by at least 3,900 acres by 2065.

e. Increase the year round spatial coverage of ridge habitat along Bayou La Loutre by 2065.
Increase the year round spatial coverage of critical landscape features that provide hurricane and
storm damage risk reduction in the study area (i.e. areas located in the Biloxi Marshes, the East
Orleans Landbridge, and forested habitats).

Increase awareness and understanding of the significance of resources in the study area through
increased recreational and educational opportunities.

Figure S-2 Chatry Line
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Figure S-3. System-Wide Problems and Potential Management Measures
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S$.5.3 Planning Constraints

Planning constraints are restrictions that limit the extent of the planning process. For this study,
the planning constraints are:

¢ Avoid or minimize negative impacts to threatened and endangered species to the
extent practicable.

¢ Avoid or minimize impacts to critical habitat to the extent practicable.

¢ Do not diminish the level of protection provided by authorized flood risk reduction
projects and hurricane storm damage risk reduction projects.

e Avoid actions that negatively affect the ability of authorized navigation projects to
continue to fulfill their purpose to the extent practicable.

¢ Minimize impacts to commercial fisheries (such as oysters).

¢ Avoid or minimize contributions to low dissolved oxygen concentrations or conditions
that could result in detrimental algal blooms.

S.6 PLAN FORMULATION RATIONALE

Alternative plans are formulated across a range of potential scales to demonstrate the relative
effectiveness of various approaches at varying scales. Alternatives are formulated recognizing
study area problems and opportunities, as well as study goals, objectives and constraints with
consideration of the four Principles and Guidelines (P&G) criteria: completeness, effectiveness,
efficiency, and acceptability.

S.7 MANAGEMENT MEASURES AND ALTERNATIVE PLANS

A management measure is a feature (a structural element that requires construction or
assembly on-site) or an activity (a nonstructural action) that can be combined with other
management measures to form alternative plans. Management measures were developed to
address study area problems and to capitalize upon study area opportunities. Management
measures were derived from a variety of sources including prior studies, the National
Environmental Policy Act (NEPA) public scoping process, and the multidisciplinary, interagency
Project Delivery Team (PDT). Approximately 300 initial structural management measures
considered can be grouped into the following categories (non-structural measures, such as
invasive species control, were integrated into structural measures and were not considered
independently):

e Freshwater diversions

¢ Hydrologic restoration (e.g. plugs, fill, weirs, sills, gaps)

e Marsh creation, marsh nourishment, and swamp creation or restoration
e Shore protection

¢ Ridge restoration

o Restoration/creation of forested habitat

o Vegetative Planting
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o Barrier island restoration
¢ Submerged aquatic vegetation (SAV) restoration

e Opyster reef restoration
S.8 MINIMUM PLANNING INCREMENT

Several measures were considered necessary components of a plan that addressed the study
authority, considered the significance of ecosystem outputs, and met the goals and objectives
for the study. A minimum planning increment was included in the plan formulation process to
produce alternatives that would address the study authority and consider significance of
outputs, completeness, effectiveness, and acceptability, prior to the evaluation of efficiency
through cost-effectiveness/incremental cost (CE/ICA) analysis.

S.8.1 Cypress and Coastal Ridge Habitat

In an abstract evaluation, cypress and coastal ridge restoration measures are not as cost-
effective as other types of measures. These restoration measures require more sediment and
more time to achieve benefits than marsh restoration, and therefore have much higher costs
compared to benefits. Restoration of cypress and ridge habitat was considered necessary to
fulfill the requirements of the study authority to +estore the areas affected by the navigation
channel,” as documented in Habitat Impacts of the Construction of the MRGO and Louisiana
Coastal Area Ecosystem Restoration Study (USACE 1999, 2004).

o The former navigation channel was cut through the Central Wetlands and the Bayou La
Loutre ridge, directly impacting these areas.

¢ The Central Wetlands is the only area in the immediate vicinity of the MRGO that could
support cypress swamp, a scarce habitat rich in biodiversity. Other locations are outside
of the project area (Caernarvon) or far removed from the channel (LaBranche and
Maurepas).

e The only remaining natural ridge in the immediate vicinity of the MRGO is the Bayou La
Loutre ridge. This habitat is technically significant because of its scarcity, biodiversity,
and function as a limiting habitat on which species of concern depend (Conner and Day
1988, Twedt and Portwood 1997, Barrow et al. 2000, USGS 2006, Barrow et al. 2006).

o Cypress swamp habitat is increasingly scarce and provides unique habitat and
ecological functions, contributing to the technical significance of these resources
(Lowery 1974, Conner and Toliver 1990, Messina and Conner 1998, Martin et al. 2002).

e The restoration of cypress swamp in the Central Wetlands is widely supported by the
adjacent communities, NGOs, state and local government, and resource agencies,
demonstrating its public significance (University of Wisconsin-Madison 2008 and 2009,
SLFPA-E 2009, Day et al. 2006).

e The ecosystem services provided by these habitat types (e.g. avian and mammalian
habitat) cannot be provided by other habitat types in the study area (Messina and
Conner 1998, Barrow et al. 2000, USGS 2006, Barrow et al. 2006).
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The restoration of these habitats was integral to the development of a complete, effective,
efficient, and acceptable plan. By definition, the most effective and efficient plan would fully
achieve the target objective. Therefore, IWR-PLAN formulation was developed to produce plans
that include features to achieve these objectives. As the ridge habitat does not have a specified
acreage amount, two scales of ridge restoration were developed, and the smaller feature
closest to the channel was selected for inclusion in the minimum planning increment.

S.8.2 Recommendations for MRGO Channel

Similarly, the inclusion of some features in the MRGO is required to address the LCA Near-

Term Project described in Section 7006 (c)(1)(A) of WRDA 2007 and the portion of the 7013
authority requiring -a& plan to physically modify the Mississippi River-Gulf Outlet”, despite the
relative cost-effectiveness of these features.

Bank reclamation and stabilization along the MRGO is important to prevent the further
confluence of the MRGO and Lake Borgne and to maintain the MRGO/Lake Borgne
Landbridge. A plan that did not include features in the MRGO would likely be unacceptable to
the public and did not appear to meet the Congressional intent of the study. Stabilization of the
MRGO banks would preserve estuarine wetlands and important structural features of the lake
and marsh landscape. The MRGO features would prevent future land loss and restore degraded
wetlands; stabilize and restore the endangered, critical Lake Borgne rim geomorphic structure;
and protect vital socioeconomic resources, such as communities located adjacent to the MRGO.

Bank stabilization in the MRGO was identified as a critical near-term need in the LCA report.
The implementation guidance for the MRGO Ecosystem Restoration Plan states that the
Section 7006 project -shall be held in abeyance until the tentatively selected plan for ecosystem
restoration, authorized by Section 7013 of WRDA 2007, is identified.” The implementation
guidance also states that the feasibility report and EIS for Section 7013 of WRDA 2007 will
include recommendations regarding the Section 7006 project.

Although the MRGO features were determined to be less cost-effective than other restoration
features considered, it was determined that the most cost-effective MRGO features should be
included in the recommendations for this study. The inclusion of the most cost effective MRGO
features in the recommendations for the study serves to -integrate the recommendations of the
report with the program authorized under section 7003” as noted in the study authority.

S.8.3 Violet, Louisiana Freshwater Diversion

Alternatives that did not include a freshwater diversion were considered in the initial
development of alternatives. These alternatives were ultimately eliminated from further study as
inconsistent with the study goals and objectives.

Restoration of historic salinity is technically significant because the man-made separation of the
Mississippi River from the wetlands has decreased biodiversity and increased the scarcity of
native marsh habitats. These effects were exacerbated by the construction of the MRGO and
the resultant saltwater intrusion (USACE 1999). A freshwater diversion would restore this
connection and increase marsh productivity and vertical accretion (DeLaune et al. 2003).
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A freshwater diversion could fully restore historic salinity conditions and increase freshwater and
nutrients to nourish existing and restored wetlands in the study area. WRDA 2007 Section 3083
authorizes the achievement of the benefits described in Mississippi and Louisiana Estuarine
Areas Freshwater Diversion to Lake Pontchartrain and Mississippi Sound Feasibility Study (also
known as the Bonnet Carré study) through the design and implementation of a freshwater
diversion at or near Violet, LA. However, additional study is needed to improve decisions about
where, when, and how to divert Mississippi River flows in a systems context. The ongoing
Mississippi River Hydrodynamic and Delta Management Study will evaluate ecosystem
restoration alternatives in concert with dynamic flood risk management and navigation;
multipurpose management scenarios of the river; and dynamic conditions in a comprehensive
systems context. The information gained from this study will improve decision-making for the
Violet, Louisiana Freshwater Diversion. Therefore, the final recommendations for the MRGO
Ecosystem Restoration Plan include additional analysis of the Violet, Louisiana Freshwater
Diversion under the WRDA 2007 Section 3083 authority.

S.9 FINAL ARRAY OF ALTERNATIVES

The Corps’ Institute for Water Resources (IWR) has developed procedures and software to
assist in conducting CE/ICA analysis. IWR-PLAN Decision Support Software was used to assist
in performing CE/ICA. IWR-PLAN software generated 6,721 plan combinations. Including the
No Action plan (Plan A), there were 285 cost-effective plans and 19 -Best Buy” plans ranging in
costs up to $6.5 Billion (October 2009 Price Levels). The most efficient plans are called Best
Buys. They provide the greatest increase in output at the lowest average cost. Best Buys have
the lowest incremental costs per unit of output. A summary of the costs and benefits associated
with the plans generated in IWR-PLAN is provided in Table 2-10 of this Feasibility Report.

Three Best Buy plans generated using IWR-PLAN software, along with the No Action plan, were
selected for the final array. Best Buy plans #2, #7, and #10 (Plans B, C, and D, respectively)
were chosen based on cost effective increments, contribution to addressing the study authority,
and achieving planning objectives. These plans represent a wide range of costs and outputs.

Plan B includes 10,287 acres of brackish marsh restoration and nourishment on the East
Orleans Landbridge and the Bayou Terre aux Boeufs area. 9,343 acres of intermediate marsh in
South Lake Borgne and along the MRGO would be restored as part of Plan B. Cypress swamp
restoration and nourishment in the Central Wetlands (10,318 acres) are included in Plan B.
Coastal ridge habitat restoration along Bayou La Loutre is also a component of Plan B (54
acres). Along the MRGO, Plan B includes approximately 32.5 miles of bank protection and 548
acres of marsh restoration. Plan B does not include any shoreline protection features along
Lakes Borgne or Pontchartrain, oyster reef restoration, or restoration features in the Biloxi
Marsh. Further analysis of the Violet, Louisiana Freshwater Diversion under WRDA 2007
Section 3083 is also included in Plan B.

Plan C includes all of the measures in Plan B and adds 22,224 acres of brackish marsh
restoration and nourishment on the East Orleans Landbridge, Bayou Terre aux Boeufs,
Hopedale and the Biloxi Marsh. Plan C also includes the restoration and nourishment of 3,281
acres of imperiled fresh marsh in the Central Wetlands and 280 acres of intermediate marsh at
the confluence of the MRGO and GIWW. Restoration of globally scare oyster reef habitat is
proposed for 5.8 miles of the Biloxi Marsh shoreline between Point Eloi and the mouth of Bayou
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La Loutre as part of Plan C. Approximately 41 miles of shoreline protection features included in
Plan C fill in the gaps between existing and planned projects, creating a complete plan for the
protection of the East Orleans Landbridge and the Lake Borgne shoreline.

Plan D incorporates all of the measures in Plan C and adds 12.8 miles of shoreline protection in
the Biloxi Marsh and an SAV restoration measure in Lake Pontchartrain.

Plan B was chosen for further consideration because it was the least costly Best Buy Plan. Plan
B does not achieve all of the goals and objectives of the study, but includes some restoration
measures for all of the targeted habitat types. Plan B would restore or protect 9,518 acres of
fresh and intermediate marsh, 10,253 acres of brackish marsh, and 10,431 acres of cypress
swamp. Plan B does not meet the target acre objectives for brackish marsh. Additionally, 10,456
acres of brackish marsh would be converted to another habitat type that would not be restored
elsewhere in the study area. Therefore, it did not meet the objective to add to the total amount
of each habitat type in the study area. Plan B has no features in the Biloxi Marsh and only
includes two features on the East Orleans Landbridge: therefore, Plan B does not fully address
the objective to restore and protect critical landscape features for storm surge reduction.

Plan C is the first Best Buy Plan that meets all of the objectives, including reasonably
maximizing restoration and protection of the Biloxi Marsh and East Orleans Landbridge. Plan C
was selected for further evaluation in the final array of alternatives because it appeared to be a
complete plan for the Lake Borgne ecosystem and the areas affected by the MRGO.

Plan D includes additional restoration measures in the Biloxi Marsh and East Orleans
Landbridge. Because of these additions, Plan D improves upon Plan C by further protecting
these critical landscape features, and better meets the storm surge objective. Plan D was
included for further evaluation because it was the first Best Buy after Plan C to include more
measures to protect both of these features. Table S-3 provides a summary of each plan.

Table S-3. Final Array of Alternatives

Estimated Measure Plan
Plan Construction Cost' AAHUs? AAHUs® Acres Restored*
A $0 0 0 0°
B $1.7 B ($67 M annual) 6,008 13,608 30,250
C $2.9 B ($124 M annual) 10,324 17,575 58,861
D $3.1 B ($130 M annual) 10,399 17,116 59,823

Notes: 1. Based on preliminary costs in October 2009 Price Levels. Does not include real estate, OMRR&R, or adaptive
management costs.

2. The AAHUSs presented in this column are the total AAHUs of all measures in the plan added together and does not
consider interactions between restoration features, except for areas influenced by the freshwater diversion. The influence of
the authorized Violet, Louisiana Freshwater Diversion was considered in the calculation of all benefits in this table.

3. The AAHUSs in this column are for the entire plan, and does consider synergies.

4. The acres in this column are the total acres restored, nourished, and protected by the plan.

5. The table shows only the costs and benefits associated with this plan. Therefore, all values are zero for the no-action plan.
6. This number is reflective of the initial WVAs that were performed for the project in the plan formulation phase. WVAs were
revised for the FIP based on a revised WVA methodology. In this final plan analysis, the Violet, Louisiana Freshwater
Diversion was assumed operational in 2027. The total AAHUs for Plan C considering synergies is now 37,980 because the
revised methodology considers the value of existing habitat, significantly increasing total benefits.

The historic rate of sea level rise was selected for primary display of ecological benefits in this table because this rate is
supported by data.
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S.10 COMPARISON OF ALTERNATIVES

Alternative plans were compared against each other, with emphasis on the outputs and effects
(beneficial and adverse) with respect to study goals and objectives and NER benefits and costs.
Table S-4 provides a summary of how each alternative plan meets the study objectives.

Plans A and B were not selected because they do not fully achieve all of the study objectives
and would not comply with the Congressional mandate in WRDA 2007, Section 7013. Plan C is
the FIP because it was determined to be the lowest cost plan that fully achieves all of the
planning objectives and provides a complete plan to restore the Lake Borgne ecosystem. Key
features and processes would be restored by Plan C. Plan C provides significantly greater
benefits at a relatively small increase in average costs, and therefore better meets the
effectiveness criteria than Plan B. Plan D would provide more benefits to the ecosystem than
Plan C; however, in this evaluation, the additional benefits do not justify the increased cost. Plan
D is a cost effective means of achieving the objectives of the study, but due to increased
incremental costs compared to Plan C, it is not the most efficient plan.

Table S-4. Comparison of the Alternative Plans and Plan Objectives

Objective Plan A Plan B Plan C Plan D
1. Salinity Target No Yes Yes Yes
2. Cypress No Yes Yes Yes
(Minimum 9,500 acres)
3. Fresh/Intermediate No Yes Yes Yes
(Minimum 6,800 acres)
4. Brackish No No Yes Yes
(Minimum 18,100 acres)
5. Various Marsh types lost from
increased tides and salinity(Minimum No No Yes Yes
3,900 acres)
7. Ridge Habitat No Yes Yes Yes
8. Landscape Features for No Yes Yes Yes
Surge Reduction # 5,100 acres 20,234 acres 21,165 acres

& Landscape features for surge reduction include acres restored, nourished or protected on the East
Orleans Landbridge and the Biloxi Marsh.

Risks and Uncertainty

There are significant risks and uncertainties associated with all of the plans. The greatest risks
to restoration are damage from tropical storms, increased sea level rise, and climate change. A
single storm event could destroy restored wetlands, significantly reducing or eliminating
benefits. Increased sea level rise would convert emergent wetlands to shallow open water, and
shallow open water to deeper water habitat. This conversion would reduce the effectiveness of
restoration plans. Extreme changes in climate could result in conditions that cannot support the
types of habitat restored, reducing the effectiveness of the restoration plan.

Large uncertainties affect future conditions in the study area, including: climate change; sea
level rise rates; subsidence rates; timing of tropical storm events; changes in frequency and
intensity of tropical storm events; and/or changes in drought conditions. All of these factors
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could contribute to accelerated degradation in the study area, changing forecast conditions and
diminishing the effectiveness of restoration plans.

Some features of the plan are more susceptible to these risks and uncertainties. Management
measures were assessed for each of the following four sustainability factors:

1. Elevation — Features at higher elevations are more sustainable under relative sea level
rise, e.g. ridges, than features at marsh elevation.

2. Freshwater influence — Features that are influenced by rivers or river diversions have a
sustainable source of freshwater and sediment to nourish them and aid in accretion.

3. Wave energy — Features that are protected from wave energy (e.g. interior marsh) are
more sustainable than features subjected to high wave energy.

4. Natural features — Features that are natural, living features of the ecosystem such as
marsh are more sustainable than hard structures such as rock that subside more quickly
and cannot sustain themselves and therefore require more O&M.

The most sustainable features are the freshwater diversion, cypress swamp restoration, and
ridge habitat restoration. Shoreline protection features are less sustainable than other features,
but are considered critical to address systemic erosion. These features protect the marsh from
wave energy, and increase the sustainability of the marsh by allowing natural vegetative
shoreline stabilization to occur.

The timing and availability of financial resources is a major uncertainty that must be considered.
If the plan is not implemented in the near future, the problems in the study area will continue to
degrade conditions. The impact of the uncertainties associated with the future condition of the
study area could increase restoration costs, decrease restoration benefits, or both. These
uncertainties are increased because a non-Federal sponsor has not been identified.

The FIP has a phased implementation schedule to reduce risk. With phased implementation,
costs are expended periodically, rather than all at once, which reduces risk to the monetary
investment. Phased implementation also provides the opportunity to adjust project design and
construction from lessons learned from projects built in the earlier phases.

The selection of the FIP represents a tradeoff of environmental benefits and monetary costs.
Plan B is the least costly alternative in the final array. However, Plan B only partially addresses
the study objectives. Additional restoration features requiring additional costs are needed to
meet the study objectives. Plan D is a more effective plan than Plan C, because it better
addresses study area problems and opportunities. However, the additional benefits provided by
Plan D do not justify the additional cost.

The adaptive management plan for the FIP addresses the potential impacts of increased sea
level rise rates. The implementation plan provides opportunities for adaptive management
through phased construction.

The long-term impacts of the Deepwater Horizon oil spill on coastal Louisiana are uncertain at
this time. This spill has impacted USACE water resources projects and studies in the Louisiana
coastal area. Potential impacts to this study include factors such as changes to existing or
baseline conditions, as well as changes to Future Without Project (FWOP) and Future With
Project (FWP) conditions. The USACE will continue to monitor and closely coordinate with other
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Federal and state resource agencies and local sponsors in determining how to best address
potential problems associated with the oil spill that may adversely impact projects and studies.
This may include revisions to proposed actions as well as supplemental environmental analysis
and documentation for specific projects and studies.

S.11 SYSTEMS /| WATERSHED CONTEXT

The overarching principle adopted for this study (based on the LACPR technical report) is that
sustaining the integrity of the estuarine environments in coastal Louisiana, including various
landscape features that make up those environments, is critical to the ecological health, social
and economic welfare of the region.

System-wide problems and opportunities were used to identify and define more geographically
specific problems and opportunities throughout the study area. The alternative plans were
formulated to address systemic problems in the ecosystem, as well as specific problems in each
subunit. The FIP includes multiple types of management measures to address factors
contributing to ecosystem degradation. Public and agency coordination undertaken for the study
has assisted in the development of a system based plan that complements other private, local
state and federal restoration activities in the study area.

The systems-based planning approach for the study supports the strategic approach described
in the Louisiana-Mississippi Gulf Coast Ecosystem Restoration Working Group Roadmap for
Restoring Ecosystem Resiliency and Sustainability. Specifically, the planning process
recognizes the following key points of the strategic approach:

o Enhancing essential coastal processes and the ecological services they provide.
e Incorporating a multiple lines of defense strategy.
o Safeguarding the region's rich cultural history and economic resources.

e Addressing the potential impacts of accelerated sea level rise and subsidence as a
strategy to protect communities, infrastructure, and to restore ecosystems and the
services they provide.

Representatives of Federal and State agencies were members of the Project Delivery Team
(PDT). Agencies are also involved through the NEPA process, with some agencies serving as
official cooperating agencies and others with official coordination and consultation roles.

Cooperating Agencies (as defined under 40 CFR 1501.6) include: U.S. Department of the
Interior — U.S. Fish and Wildlife Service (USFWS); U.S. Department of Commerce — National
Oceanic and Atmospheric Administration — National Marine Fisheries Service (NMFS); U.S.
Department of Agriculture — Natural Resources Conservation Service (NRCS); U.S.
Environmental Protection Agency (EPA) and the Bureau of Ocean Energy Management,
Regulation and Enforcement (BOE), formerly Minerals Management Service (MMS). Other
participating agencies include the Louisiana Department of Environmental Quality (LDEQ),
Louisiana Department of Wildlife and Fisheries (LDWF), the Louisiana Department of Natural
Resources (LDNR), and the Mississippi Department of Marine Resources (MDMR).
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Figure S-4. Systems Context
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S.12 FEDERALLY IDENTIFIED PLAN

Plan C was chosen as the FIP because it is the lowest cost alternative that meets all of the
study objectives and provides a complete plan to restore the Lake Borgne ecosystem. The
National Ecosystem Restoration account is best achieved by Plan C, because it meets all of the
study objectives, reasonably maximizes benefits for the associated costs, includes key
restoration features to restore and sustain the form and function of the Lake Borgne ecosystem,
and fully addresses the Congressional mandate of WRDA 2007 Section 7013.

Plan C is a complete plan for the Lake Borgne ecosystem because it protects and restores the
portions of the Lake Borgne ecosystem that are not addressed by existing and authorized
restoration projects. Existing and authorized shoreline protection projects along the shores of
Lake Borgne do not comprehensively address erosion in the lake. Plan C would provide
protection in the areas in between existing and authorized projects to stabilize the entire shore
of Lake Borgne. Marsh restoration features included in Plan C would work synergistically with
existing and authorized projects to restore the structure of the Lake Borgne ecosystem.

The restoration of historic salinity conditions is a key system driver. The Violet, Louisiana
Freshwater Diversion, as authorized for design and implementation in WRDA 2007 Section
3083, would fully restore salinity conditions, mimic natural processes, and enhance the
sustainability of the system through the input of freshwater, nutrients and sediment. Full
restoration of historic habitat types in the area is dependent upon salinity conditions. Plan C
addresses salinity impacts of the MRGO by recommending further analysis of the Violet,
Louisiana Freshwater Diversion under WRDA 2007 Section 3083.

Plan C is illustrated in Figures S-5 and S-6.

Approximately 11,222 acres of the restoration and protection features would be located in the
East Orleans Landbridge/Pearl River area and approximately 9,012 acres of restoration would
be located in the Biloxi Marsh, which have been determined to be critical landscape features
with respect to storm surge. Additionally, the cypress swamp and ridge restoration features
would include forested habitats, having some storm surge damage risk reduction benefits.

The plan would restore technically significant habitat, such as 3,281 acres of imperiled fresh
marsh in the Central Wetlands, 10,318 acres of ecologically important cypress forest, and 54
acres of rare coastal ridge habitat. The plan would restore and nourish 12,797 acres of brackish
marsh in the Hopedale and Bayou Terre aux Boeufs area south of the channel. In the Golden
Triangle area, 4,317 acres of intermediate marsh would be restored on the Lake Borgne side of
the IHNC Surge Barrier and 280 acres of significant urban marsh would be restored on the
GIWW/MRGO side of the barrier.

Implementation

Following the identification of the FIP, a construction sequence was developed. Assumptions
factoring into construction sequence include production rates for building rock projects, dredge
equipment availability, land loss rates, alternating dredging cycles in the lobes of Lake Borgne.
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The timing and availability of financial resources for implementation is a major uncertainty that
must be considered given current Federal budgetary constraints. If the plan is not implemented
in the near future, conditions will continue to degrade. The impact of the uncertainties
associated with the future condition of the study area could increase restoration costs, decrease
restoration benefits, or both. The uncertainties associated with implementation are increased
because a non-Federal sponsor has not been identified.

Funding assumptions, as detailed in the Engineering Appendix, were required for planning
purposes and to develop costs and benefits for the plan. Construction sequencing assumed
optimal funding appropriations and an aggressive schedule to complete implementation as soon
as realistically possible. Given the considerable need for the plan, Federal interest, significance
of resources, and the conditional authorization for implementation, an aggressive
implementation sequence was considered appropriate. However, current budgetary conditions
and the lack of a non-Federal sponsor make it very likely that reality will differ from these
optimal assumptions. Risk and uncertainties related to implementation have been assessed in
the Cost Risk Analysis, as detailed in the Engineering Appendix. However, due to uncertainties
associated with the timing and availability of funding for the plan, only features that are
sustainable without the implementation of any other feature are recommended for construction
at this time.

Tiered Implementation Sequence

Recommendations are divided into tiers by the level of uncertainty regarding conditions for ecological
success and long-term sustainability including the need for additional study.

o Tier 1 includes features that have been developed to a feasibility level of detail and are
not dependent on a freshwater diversion. Tier 1 features are recommended for
construction through the WRDA 2007 Section 7013 authority upon the identification of a
non-Federal sponsor.

e Tier 2 includes features with feasibility level detail that are dependent upon salinity
conditions but may be sustainable without the implementation of a freshwater diversion.
If future conditions and further analysis indicate that favorable conditions for ecological
success and long term sustainability exist (as defined in the adaptive management
plan’), then these projects may be constructed. Tier 2 features would be constructed
through the WRDA 2007 Section 7013 authority upon the identification of a non-Federal
sponsor.

e Tier 3A includes further study of the Violet, Louisiana Freshwater Diversion under the
WRDA 2007 Section 3083 authority. The non-Federal cost-share responsibilities for the
Violet, Louisiana Freshwater Diversion would be consistent with the 75 percent/25
percent Federal/non-Federal cost share identified in Section 3083 of WRDA 2007,
together with such other items of cost-share responsibilities as may be identified in the
Feasibility Report for the project, as approved by the decision of the Chief of Engineers.
Presently, as identified in the 1984 Chief's Report for Mississippi and Louisiana
Estuarine Areas Freshwater Diversion to Lake Pontchartrain and Mississippi Sound
Feasibility Study, the 25 percent non-Federal share of the cost of the design and
implementation of the Violet, Louisiana Freshwater Diversion project is allocated 80
percent to the State of Louisiana and 20 percent to the State of Mississippi. It is not
anticipated that this allocation will change as a result of completing the feasibility study

! Average annual salinity: fresh marsh: <1.1 parts per thousand (ppt); intermediate marsh: <4.1 ppt; brackish marsh: <8.3 ppt, and swamp <4.0.
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for the project; however, if it does, the change in allocation will be addressed in the
study, as approved by the decision of the Chief of Engineers.

o Tier 3B includes any features that are dependent on freshwater diversion, and features
in Tier 2 that future conditions and further analyses indicate are not sustainable.
Subsequent to the completion of Tier 3A, Tier 3B features would be constructed through
the WRDA 2007 Section 7013 authority upon the identification of a non-Federal sponsor.

S.13 EXPECTED PROJECT PERFORMANCE

The implementation of the plan would improve the health of marsh vegetation through structural
restoration projects. Healthier vegetation is more resilient and would improve air, water, and soil
quality. The implementation of Plan C would produce a healthier, more sustainable Lake Borgne
ecosystem and address the impacts of the MRGO.

S.13.1 Project Costs

The Engineering Appendix provides the detailed preliminary design costs for all measures and the
summary cost estimates for the final array of alternatives considered in detail - Alternatives B, C, and D.
These cost analyses are deemed adequate for making a federal interest determination. Further, these
estimates allow for the use of the CE/ICA optimization comparison and selection of a federally identified
plan in accordance with Corps Ecosystem Restoration policy. The Mii cost estimate and narrative
summary is provided in the Engineering Appendix. This appendix also provides the scheduled
construction costs for the FIP.

Based on October 2011 Price Levels, the Project First Cost of the FIP is estimated at $2.9
billion. The Project First Cost of Tiers 1 and 2 is estimated at $1.3 billion and $325 million,
respectively. The Project First Cost of the Monitoring and Adaptive Management Plan (MAMP)
is $190 million, including costs for potential adaptive management actions. The Project First
Cost of the MAMP for Tiers 1 and 2 are $104 million and $46 million, respectively. The
operation, maintenance, repair, replacement, and rehabilitation (OMRR&R) costs for the FIP is
$427 million. The OMRR&R costs for plan features in Tiers 1 and 2 are estimated at $210 and
$18 million, respectively.

Table S-5. Project First Costs (October 2011 Price Levels)
Ecosystem Restoration | Recreation Features Total

Project First Costs ($FY 2011) | $2,879,704,000 $4,443,000 $2,884,147,000
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Figure S-5. Alternative C, Federally Identified Plan

S-27 June 2012



Mississippi River Gulf Outlet Ecosystem Restoration Plan
Final Feasibility Report Summary

Figure S-6. Alternative C, Federally Identified Plan — Perspective View
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1 INTRODUCTION AND BACKGROUND

1.1 STUDY PURPOSE AND SCOPE

The Mississippi River Gulf Outlet (MRGO) Ecosystem Restoration Plan Feasibility Study is a
supplement to the June 2008 MRGO Deep-Draft De-Authorization Report. It is intended to fully
meet the requirements of the Water Resources Development Act (WRDA) of 2007 Section 7013
(Public Law [PL] 110-114). This feasibility study will result in a Report of the Chief of Engineers
containing a recommended MRGO Ecosystem Restoration Plan. The plan has been
conditionally authorized for construction by WRDA 2007 Section 7013. The Plan will address
systematic ecosystem restoration and protection of the Lake Borgne ecosystem and areas
affected by the MRGO navigation channel, and will include considerations of measures to
reduce or prevent damage from storm surge. The study will integrate the findings of ongoing
comprehensive restoration planning efforts for the study area, including the Louisiana Coastal
Protection and Restoration (LACPR) Final Technical Report, the Louisiana Coastal Area (LCA)
Program, and Louisiana‘s 2007 Comprehensive Master Plan for a Sustainable Coast.

The study purpose is to develop alternative plans to restore natural features and processes in
the Lake Borgne ecosystem and areas affected by the former navigation channel. Construction
recommendations will be developed in concert with large-scale comprehensive ecosystem
restoration plans for the region. As noted in the Louisiana-Mississippi Gulf Coast Ecosystem
Restoration Working Group Roadmap for Restoring Ecosystem Resiliency and Sustainability,
the MRGO Ecosystem Restoration Plan will not necessarily provide comprehensive ecosystem
restoration for the entire study area.

If the Assistant Secretary of the Army, Civil Works (ASA [CW]) determines that the
recommendations of the MRGO Ecosystem Restoration Plan are cost-effective, environmentally
acceptable, and technically feasible, no further Congressional authorization is needed.
However, the execution of the implementation phase is subject to additional funding
appropriations. Cost sharing is consistent with section 103(c) of WRDA 1986 (33 U.S.C.
2213(c)).

1.2 STUDY AND PROJECT AUTHORITY

In 2006, after Hurricane Katrina, Congress provided $75,000,000 for operation and
maintenance of the MRGO channel (as authorized at that time) in the Department of Defense
Emergency Supplemental Appropriations to Address Hurricanes in the Gulf of Mexico and
Pandemic Influenza Act, 2006 (PL 109-148).

In 2006, the Congress directed the Secretary of the Army, acting through the Chief of
Engineers, to develop a plan for deauthorization of deep-draft navigation on the MRGO in the
Emergency Supplemental Appropriations Act for Defense, the Global War on Terror, and
Hurricane Recovery, 2006 (PL 109-234). PL 109-234 also modified PL 109-148, to clarify that
the $75,000,000 provided in PL 109-148 was to be used for -the repair, construction or provision
of measures or structures necessary to protect, restore or increase wetlands, to prevent
saltwater intrusion or storm surge.”
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The requirements for the deauthorization plan in PL 109-234 were addressed in the MRGO
Deep-Draft De-Authorization Study that was submitted to the Congress on June 5, 2008, by
providing a comprehensive plan, at full Federal expense, to deauthorize deep draft navigation
on the MRGO from the Gulf of Mexico to the Gulf Intracoastal Waterway (GIWW). At the time
that report was undergoing State and Agency review, WRDA 2007 became law, expanding the
scope of the MRGO Deep Draft De-authorization Study to include ecosystem restoration. The
MRGO Deep Draft De-authorization Study preliminarily addresses the requirements of WRDA
2007; however, in order to continue processing the MRGO Deep Draft De-authorization Study,
U.S. Army Corps of Engineers (USACE) leadership decided to develop a supplemental report to
completely address the requirements of WRDA 2007.

WRDA 2007 Section 7013, the authority for this study, is provided below:

SEC. 7013. MISSISSIPPI RIVER-GULF OUTLET.
(a) DEAUTHORIZATION.-
(3) CLOSURE AND RESTORATION PLAN.-

(A) IN GENERAL.-Not later than 180 days after the date of enactment of this Act,
the Secretary shall submit to the Committee on Environment and Public Works of
the Senate and the Committee on Transportation and Infrastructure of the House
of Representatives a final report on the deauthorization of the Mississippi River-
Gulf outlet, as described under the heading "INVESTIGATIONS" under chapter 3
of title 1l of the Emergency Supplemental Appropriations Act for Defense, the
Global War on Terror, and Hurricane Recovery, 2006 (120 Stat. 453).

(B) INCLUSIONS.-At a minimum, the report under subparagraph (A) shall
include-

(i) a plan to physically modify the Mississippi River-Gulf Outlet and restore the
areas affected by the navigation channel;

(i) a plan to restore natural features of the ecosystem that will reduce or prevent
damage from storm surge;

(i) a plan to prevent the intrusion of saltwater into the waterway;

(iv) efforts to integrate the recommendations of the report with the program
authorized under section 7003 and the analysis and design authorized by title | of
the Energy and Water Development Appropriations Act, 2006 (119 Stat. 2247);
and

(v) consideration of-
(1) use of native vegetation; and
(1) diversions of fresh water to restore the Lake Borgne ecosystem.

(4) CONSTRUCTION.-The Secretary shall carry out a plan to close the
Mississippi River-Gulf Outlet and restore and protect the ecosystem substantially
in accordance with the plan required under paragraph (3), if the Secretary
determines that the project is cost-effective, environmentally acceptable, and
technically feasible.
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Section 7003 of WRDA 2007, which is referenced in Section 7013(a)(3)(B)(iv) above, refers to
the LCA Program. Title | of the Energy and Water Development Appropriations Act, 2006 (119
Stat. 2247) refers to the LACPR Final Technical Report. Both are described in Section 1.5. The
MRGO LCA Near-Term Project described in WRDA 2007 Section 7006 (c)(1)(A) is also
addressed in this study.

WRDA 2007 Section 7012 (b) states that the activities described in Section 7013 will be carried
out consistent with the cost-share requirements in PL 109-234. Therefore, the MRGO
Ecosystem Restoration Plan Feasibility Study is being conducted at full federal expense. A
portion of the $75 million appropriated in PL 109-148 is being used to fund the study.

The study is 100% Federally funded. After extensive discussions with the State of Louisiana, a
non-Federal sponsor has not been identified for implementation of the MRGO Ecosystem
Restoration Plan authorized by Section 7013 of WRDA 2007.

In accordance with Section 221 of Public Law 91-611, Flood Control Act of 1970, as amended
(42 U.S.C. 1962d-5), and Section 103 of the WRDA 1986, as (33 USC 2213(c)), implementation
of the MRGO Ecosystem Restoration Plan (Tiers 1, 2 and 3B) requires a non-Federal sponsor
responsible for providing 35 percent of the costs assigned to ecosystem restoration; providing
the lands, easements, rights-of-way, and dredged or excavated material disposal areas required
for the plan, and performing all necessary relocations (LERRDs); and paying 100 percent of the
costs of operation, maintenance, repair, rehabilitation, and replacement (OMRR&R).
Implementation of recreation features requires a 50 percent non-Federal cost share. The value
of LERRDs provided by the non-Federal sponsor would be credited toward the non-Federal
share of the costs of implementing elements of the plan.

The State of Louisiana disagrees with USACE over the cost-share requirements for
implementation of the MRGO Ecosystem Restoration features of the plan (Tiers 1, 2 and 3B)
and has expressed its unwillingness to participate in plan implementation unless it is undertaken
at full (100%) federal cost. The USACE will continue to coordinate with the State of Louisiana to
finalize the ecosystem restoration plan and to identify a non-Federal sponsor to cost share in
implementation of the plan.

The State of Mississippi, along with the State of Louisiana, has been actively involved in the
development of the Violet, Louisiana Freshwater Diversion project preliminarily addressed in
this report (Tier 3A). The non-Federal cost-share responsibilities for the Violet, Louisiana
Freshwater Diversion would be consistent with the 75 percent/25 percent Federal/non-Federal
cost share identified in Section 3083 of WRDA 2007, together with such other items of cost-
share responsibilities as may be identified in the Feasibility Report for the project, as approved
by the decision of the Chief of Engineers. Presently, as identified in the 1984 Chief‘s Report for
Mississippi and Louisiana Estuarine Areas Freshwater Diversion to Lake Pontchartrain and
Mississippi Sound Feasibility Study, the 25 percent non-Federal share of the cost of the design
and implementation of the Violet, Louisiana Freshwater Diversion project is allocated 80 percent
to the State of Louisiana and 20 percent to the State of Mississippi. It is not anticipated that this
allocation will change as a result of completing the feasibility study for the project; however, if it
does, the change in allocation will be addressed in the study, as approved by the decision of the
Chief of Engineers.
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In a letter dated September 20, 2010 the Mississippi Department of Marine Resources (MDMR)
declared its full support for the Violet, Louisiana Freshwater Diversion project and its
understanding of its non-Federal cost sharing obligation. The State of Mississippi‘s letter also
states its desire that the USACE, to the fullest extent possible, seek full Federal funding for the
project. A letter of intent has not been received from the State of Louisiana regarding the Violet,
Louisiana Freshwater Diversion project (Tier 3A); however, since this report recommends
further study of that project under the authority of Section 3083 of WRDA 2007, such a letter of
intent will not be required until such time as that study nears completion and decision by the
Chief of Engineers.

1.3 STUDY AREA

The study area (Figure 1-1) includes portions of the Mississippi River Deltaic Plain in coastal
southeast Louisiana and parts of coastal southwest Mississippi. It encompasses approximately
3.86 million acres (6,023 square miles) of land and open water.

In Mississippi, the study area includes the Western Mississippi Sound, its bordering wetlands,
and Cat Island. The Lake Borgne ecosystem and areas that may have been affected by the
construction, operation, and maintenance of the MRGO navigation channel are included in the
study area. The MRGO channel may have affected salinity as far northwest as Lake Maurepas.
To the east, the MRGO channel was dredged through open water between Breton and Grand
Gossier Islands (segments of the lower Chandeleur Island chain). The MRGO channel affected
portions of the Lake Borgne ecosystem to the north and potentially altered hydrology to the west
as far as the Bayou Terre aux Boeufs ridge.

Louisiana parishes in the study area include Ascension, Jefferson, Livingston, Orleans,
Plaguemines, St. Bernard, St. Charles, St. James, St. John the Baptist, St. Tammany and
Tangipahoa. Mississippi counties in the study area include Hancock and Harrison.

Lake Borgne is hydrologically linked to Lake Pontchartrain through tidal passes at The Rigolets,
Chef Menteur Pass, and the Inner Harbor Navigation Canal (IHNC). The Lake Borgne
ecosystem is influenced by the Pearl River to the north and is hydrologically connected to areas
located as far south as Bayou Terre aux Boeufs.
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Figure 1-1. Study Area

1-5 June 2012



Mississippi River Gulf Outlet Ecosystem Restoration Plan
Final Feasibility Report 1: Introduction and Background

1.4 MRGO NAVIGATION CHANNEL

1.4.1 Authorization, Deauthorization, and Channel Closure

Congress authorized the MRGO in 1956 as a Federal navigation channel to provide a short
route between the Port of New Orleans and the Gulf of Mexico. The MRGO was authorized as a
36-foot-deep, 500-foot-bottom-width waterway (38 feet deep, 600 feet wide at the Gulf of
Mexico entrance) extending from the IHNC to the 38-foot depth contour in the Gulf of Mexico.
Channel construction began in 1958 and the channel was completed in 1968.

In August 2005, Hurricane Katrina shoaled the MRGO channel limiting its depth to 22 feet and
restricting deep-draft vessel access. Rather than continue funding operation and maintenance,
in June 2006, Congress requested a plan to deauthorize of the MRGO (see PL 109-234).

The USACE submitted an interim report in December 2006 highlighting a plan to close the
MRGO from the GIWW to the Gulf of Mexico. In January 2008, the Chief of Engineers signed a
report recommending deauthorization of the channel, construction of a closure structure across
the channel at Bayou La Loutre, and development of a supplemental report to provide an
ecosystem restoration plan for the areas affected by the MRGO. On June 5, 2008, the
ASA(CW) forwarded the Final MRGO Deep-Draft De-authorization Report to Congress,
deauthorizing the MRGO federal navigation project from the GIWW to the Gulf of Mexico.
Construction of a rock closure structure across the MRGO near the Bayou La Loutre ridge in St.
Bernard Parish, Louisiana, was completed on July 9, 2009.

Figure 1-2. Completed MRGO Rock Closure Structure
1.5 MRGO ENVIRONMENTAL IMPACTS

The cumulative effects of human and natural activities in the coastal area have severely
degraded the Mississippi River's deltaic processes and shifted the Louisiana coastal area to a
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net land loss condition. Many studies have been conducted to identify the major contributing
factors (e.g., Boesch et al. 1994; Turner 1997; Penland et al. 2000), and many studies agree
that land loss and the degradation of the coastal ecosystem are the result of both natural and
human induced factors, producing conditions where wetland vegetation can no longer survive
and wetlands are lost. Establishing the relative contribution of natural and human-induced
factors is difficult. In many cases, the changes in hydrologic and ecologic processes manifest
gradually over decades and in large areas, while other effects occur over single days and
impact relatively localized areas.

Construction and operation of the MRGO contributed to wetland loss and damages to estuarine
habitats in Louisiana from the outer tidal marshes in Breton Sound to the cypress forests and
fresh mashes in the western reaches of the Lake Borgne basin. Loss of marsh and cypress
swamp habitats has resulted in the decline of important ecological habitat as well as natural
surge and wave buffers. Indirect and cumulative impacts associated with saltwater intrusion
attributable to the MRGO occurred throughout the Lake Pontchartrain Basin. Due to the
hydrologic connectivity of the system, the MRGO contributed to habitat changes and loss from
Lake Maurepas to the north, Bayou Terre aux Bouefs to the west, Mississippi Sound to the east,
and the outer reaches of Breton and Chandeleur Sounds to the south.

The direct and indirect habitat impacts of the construction and operation of the MRGO between
1956 and 1990 were estimated in Habitat Impacts of the Construction of the MRGO (USACE
1999). MRGO channel construction, including the dredging of the canal and placement of
dredged spoil, resulted in the conversion of 19,400 acres of wetlands and 4,750 acres of
shallow open water to deep open water or spoil.

Other contributing factors of land loss, such as subsidence, complicate the calculation of MRGO
indirect impacts. The methodology for estimating indirect impacts utilized habitat data from the
Louisiana Department of Natural Resources (LDNR) for 1956 and 1990 (USACE 1999).
Increased land loss due to the MRGO was estimated by calculating a baseline loss by mapping
unit, which included all land loss factors (such as subsidence and sea level rise) as well as the
MRGO, and then estimating what percentage of the baseline loss was caused by the navigation
channel to develop a -without MRGO?” loss rate. The percentages were developed based on the
condition of the area prior to channel construction, proximity to the direct effects of the channel,
and the significance of saltwater intrusion to each area. This loss rate was applied to the acres
present in 1956; and the resulting 1990 acres were compared to calculate the possible
increased loss. Additional losses due to erosion along the MRGO between 1990 and 2008 were
calculated by U.S. Geological Survey team members. The methodology used in the 1999 report
was re-assessed and validated. The -without MRGO” loss rates are estimates based on a
professional assessment of various contributing factors.

There are no new tools available to provide a more accurate picture of what the landscape
would look like if the channel had never been built. These estimates, and the methodology used
to develop them, were verified as the best available quantification of MRGO impacts. Table 1-1
summarizes the direct and indirect impacts by habitat type.
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Table 1-1. Direct and Indirect Habitat Impacts of the MRGO Navigation Channel

Impacts from 1956 to 1990 as Documented
in Habitat Impacts of the Construction of the MRGO*

Direct Impacts Indirect Impacts
Habitat Type (acres lost) (acres lost or converted)

Cypress swamp 1,510 8,000
Fresh/intermediate marsh 3,370 3,350

Brackish marsh 10,310 19,170

Saline marsh 4,210 N/A

Shallow open water converted to deep water or 4,750 N/A

disposal

Additional marsh lost adjacent to the channel** 460 3,400

Total Impacts 24,610 Acres Lost 33,920 Acres Lost

or Converted

*Direct impacts are due to construction and erosion. Indirect impacts are due to salinity or hydrological changes
from the MRGO. Habitat shifts were estimated using 1956-1990 habitat composition data from LDNR.

**Direct impacts due to additional erosion between 1990 and 2008. Indirect impacts due to increased tides and
salinity.

Does not include deeper water aquatic habitat effects due to salinity increases or Lake Maurepas area to be
restored by LCA projects.

Other studies have attributed additional impacts to the MRGO. The Mister Go Must Go report
estimates the total impact of the MRGO is 618,000 acres (Day et al. 2006). This estimate
includes 488,400 acres of Lakes Pontchartrain and Borgne affected by salinity shifts. This also
includes 64,000 acres of Lake Pontchartrain that exhibited seasonal hypoxic/anoxic conditions
due to its hydrologic connection with the MRGO channel. The report cites Habitat Impacts of the
Construction of the MRGO as the source for other impact figures (Day et al. 2006).

Initial monitoring data indicate that the channel closure at Bayou La Loutre has significantly
decreased salinity upstream of the closure (USGS 2009). Results of sampling conducted near
the mouth of the IHNC in Lake Pontchartrain prior to and after closure in summer 2009 indicate
a substantial reduction in differences between surface and bottom salinity and dissolved oxygen
levels (personal communication, Dr. Michael A. Poirrier, UNO). Low dissolved oxygen (DO)
levels (<4.0 milligrams per liter [mg/L]) have not been observed in Lake Pontchartrain since the
construction of the closure. Water quality monitoring has been conducted in and around the
channel following the construction of the closure, and areas of low DO have been occasionally
observed in the MRGO southeast of the closure. Based on preliminary data, these occurrences
appear to be seasonal and temporary. Because there is limited water quality data from the
MRGO prior to the construction of the closure, it is unclear what, if any, impacts to DO in the
channel are related to the closure. The closure at Bayou La Loutre and other authorized
projects are anticipated to continue to address the impacts of the former navigation channel in
Lakes Pontchartrain and Borgne with respect to hypoxia and salinity changes. Therefore, these
acreages are not included in impact quantifications used to formulate restoration plans.

Prior to construction of the MRGO, typical tidal flow within the Breton Sound area was reduced
as it moved across the marsh inward toward Lake Borgne (USACE 2004). The MRGO was
dredged through the Bayou La Loutre ridge, which provided a basin boundary limiting the flow of
saline water from the Breton Sound area into Lake Borgne (Rounsefell 1964). Habitat changes
in the study area are primarily related to saltwater intrusion, although other factors such as
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logging and the construction of impoundments contributed to these changes. The salinity
changes based on pre- and post-channel water quality monitoring are documented in -Salinity
Changes in Pontchartrain Basin Estuary, Louisiana, Resulting from Mississippi River-Gulf Outlet
Partial Closure with Width Reduction, Final Report” (Tate et al. 2002) (Figure 1-3).

This study is a component of the larger coastal restoration efforts that will be required to ensure
the resilience and sustainability of the coast. This study is specifically focused on restoration of
historic habitat types in the areas affected by the MRGO channel and the Lake Borgne
Ecosystem. Restoration objectives were developed using the quantities in Table 1-1 to achieve
the overarching goals of the study and address the study authority. As discussed in detail in
Section 2, it is not feasible to restore the study area to a historic state. Rather, this study intends
to develop a plan to restore historic habitat types, processes, and conditions to the extent
practicable to address systemic problems in the area.

1.6 PRIOR STUDIES, REPORTS, AND EXISTING WATER PROJECTS

Information related to the MRGO study area has been accumulated over five decades. Planning
for this study builds upon existing studies and plans. For example, study area problems and
opportunities have been documented in numerous prior studies. Where conditions have
changed or new information has become available, additional analyses have been performed to
develop an ecosystem restoration plan based on sound science and engineering. The following
comprehensive planning efforts for the Mississippi and Louisiana coastal areas provided a
foundation for the development of the MRGO Ecosystem Restoration Plan.

Coast 2050 (1998-1999). This conceptual restoration plan for the Louisiana coast incorporated
public and scientific input through the Coastal Wetlands Planning, Protection and Restoration
Act (CWPPRA) and other programs. The plan reflected a growing recognition that a more
comprehensive approach to restoring coastal wetlands was needed. This plan informed the
MRGO Ecosystem Plan Feasibility Study.

Louisiana Coastal Area (LCA) Program (2000—present). The 2004 LCA feasibility study built
on the Coast 2050 strategies, incorporating the best available science and technology, to
develop a plan addressing the most critical coastal ecological needs. WRDA 2007 Section
7006(c) authorized the construction and further study of specific projects in accordance with the
January 2005 LCA Chief‘s Report. This plan proposed to construct rock breakwaters along the
entire north bank of the MRGO and along important segments of the southern shoreline of Lake
Borgne as a critical near-term need. In accordance with the implementation guidance for this
study, the feasibility report and NEPA compliance document developed for the plan for
ecosystem restoration authorized by Section 7013 will include recommendations regarding the
project for MRGO environmental restoration referenced in Section 7006(c)(1)(A) of WRDA
2007. Data from the LCA report was used in the MRGO study, and alternative plans were
evaluated for consistency with the LCA plan.

Louisiana Coastal Protection and Restoration (LACPR) Technical Report (2005—present).
The LACPR report includes a coastwide analysis and design of a multiple lines of defense
approach to -Gategory 5” hurricane damage risk reduction. The report includes structural
measures (e.g. levees), nonstructural measures (e.g. elevating homes) and coastal restoration
measures (e.g. marsh creation). Data and restoration measures from the LACPR report were

1-9 June 2012



Mississippi River Gulf Outlet Ecosystem Restoration Plan
Final Feasibility Report 1: Introduction and Background

incorporated in the MRGO Ecosystem Restoration Plan Feasibility Study. Alternative plans
developed for the MRGO study were evaluated for consistency with LACPR.

Mississippi Coastal Improvements Program (MsCIP) Comprehensive Plan (2005-
present). Concurrent with LACPR, Congress authorized the MsCIP study to address hurricane
and storm damage reduction and coastal restoration in coastal Mississippi. In January 2010, the
Final MsCIP Report was transmitted to Congress. This plan provided data and potential
restoration measures included in the MRGO study. Alternative plans developed for the MRGO
study were evaluated for consistency with MsCIP.

Integrated Ecosystem Restoration and Hurricane Protection: Louisiana’s Comprehensive
Master Plan for a Sustainable Coast (2007 State Master Plan) (2005—present). The
Louisiana Legislature, through Act 8 of the First Extraordinary Session of the 2005 Louisiana
Legislature, established the Coastal Protection and Restoration Authority (CPRA) to develop,
implement, make reports on, and provide oversight for a comprehensive coastal protection
master plan and annual coastal protection plans. The MRGO Ecosystem Restoration Plan
incorporated data and proposed restoration measures from the Master Plan. Consistency with
the 2007 State Master Plan was evaluated as part of the planning process.

In addition to the comprehensive planning efforts described above, Table 1-2 lists other prior
Federal and state efforts and notes how each is relevant to the MRGO study.

Non-governmental organizations have also participated in various coastal restoration projects.
Public and private parties involved in wetlands preservation or restoration activities in coastal
Louisiana include Coastal America, Corporate Wetlands Restoration Partnership, Gulf Coast
Joint Venture, Audubon Society, National Fish and Wildlife Foundation, The Nature
Conservancy, and the National Wildlife Federation. These efforts are primarily preservation
focused and did not appreciably influence plan formulation.

1-10 June 2012



Mississippi River Gulf Outlet Ecosystem Restoration Plan
Final Feasibility Report 1: Introduction and Background

Figure 1-3. Salinity Impacts of the MRGO
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Final Environmental Impact Statement (FEIS) fc_)r the Mississippi River-Gulf Outlet (MRGO), Louisiana, and Lake Borgne — X X X X
- Wetland Creation and Shoreline Protection Project, 2009
§ 2 Integrated Final Report to Congress and Legislative Environmental Impact Statement for the MRGO Deep-Draft De-
T 2 authorization Study, 2008 X | X X
§ E Measures undtlar.ta.ken pursuant to the authorizgtion providgd under thg heading -Operation and Maintenance” in Title |, X X X
LCJ < Chapter 3 of Division B of PL 109-148, as modified by Section 2304 Title I, Chapter 3 of PL 109-234, 2006
-% g Ecological Review, Lake Borgne and MRGO Shoreline Protection, 2005 X X X X
g 5 MRGO Reevaluation Study, 2005 X
g i MRGO North Bank Foreshore Protection Evaluation, 1996 X X X
8 E MRGO St. Bernard Parish, Louisiana, Reconnaissance Report, 1988 X
? % MRGO, Michoud Canal, Louisiana Project, 1968 X X X
% E Mississippi River Outlets, Venice, Louisiana, 1968 X X
L Mississippi River Gulf Outlet, September 1956 X
Bayous La Loutre, St. Malo and Yscloskey, 1945 X X
LACPR Louisiana Coastal Protection and Restoration (LACPR) Final Technical Report, 2009 X X X
LAPI\fI:r?ter Louisiana's Comprehensive Master Plan for a Sustainable Coast, 2007 X X X
Mississippi Coastal Improvements Program (MsCIP) Comprehensive Plan Report, 2009 X X X
MS Portion of MsCIP Interim Report Near-Term Projects, 2006 X X X
the Study Coastal Wetlands Protection Act (Mississippi Code Section 49-27-1, 49-27-71), 2003 X
Area Wetlands Protection Act (Mississippi Code Section 49-27-5), 1992 X
Mississippi Sound and Adjacent Areas: Dredged Material Disposal Study, Feasibility Report, 1984 X
CIAP Coastal Impact Assistance Program (CIAP) X X X
CIAP Projects Authorized for Construction or Under Construction X X X
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LCA Near Term Projects Authorized in WRDA 2007:
o 1. Mississippi River Gulf Outlet (MRGO) environmental restoration features
Louisiana 2. Small diversion at Hope Canal (1,000 — 5,000 cfs)
Coastal Area 3. Small diversion at Convent/Blind River (1,000 — 5,000 cfs) X X X
(LCA) 4. Increase Amite River Diversion Canal influence by gapping banks
5. Medium diversion at White Ditch (5,001 — 15,000 cfs)
6. Modification of Caernarvon diversion
The Coastal Wetlands Planning, Protection and Restoration Act (CWPPRA) Program X X X X
CWPPRA Projects with Approved Grants X X X
CWPPRA Violet Freshwater Distribution (Deauthorized September 11, 2006) X
CWPPRA Bayou Lamoque Diversion X X X
CWPPRA
CWPPRA White Ditch Siphon X
CWPPRA Goose Point/Pointe Platte Marsh Creation X X
CWPPRA Fritchie Marsh Restoration X X
CWPPRA Lake Borgne Shoreline at Shell Beach and Bayou Dupre X X X
Violet .
Diversion Violet, LA, (WRDA 2007) X X | X
Bonnet Bonnet Carré Diversion X X
Carré Bonnet Carré Spillway X X
Gulf Draft Environmental Assessment Maintenance Dredging and Disposal of Dredged Material Mississippi and Louisiana
ul Portions of the Gulf Intracoastal Waterway Federally Authorized Navigation Project Hancock, Harrison and Jackson X X X
Intracoastal | Counties, Mississippi and Coastal Louisiana, 2008
Waterway
Gulf Intracoastal Waterway (GIWW), 1826 and other dates X X
Caernarvon Caernarvon Freshwater Diversion X X X
IHNC Lock Inner Harbor Navigation Canal Lock Replacement Project, 1956 X X X
MR&T Mississippi River and Tributaries (MR&T), 1928 X X
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Greater New Orleans Hurricane and Storm Damage Risk Reduction System (HSDRRS)
Inner Harbor Navigation Canal (IHNC) Surge Barrier X X X
Risk Individual Environmental Report #11, Improved Protection on the Inner Harbor Navigation Canal, Orleans and St. Bernard X X X
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Emergency Supplemental Appropriations Act for Defense, the Global War on Terror, and Hurricane Recovery, 2006 (PL X X X
109-234)
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1.7 ENVIRONMENTAL OPERATING PRINCIPLES

In 2002, the USACE reaffirmed its long-standing commitment to environmental conservation by
formalizing a set of Environmental Operating Principles applicable to decision-making in all
programs. The principles are consistent with NEPA; the Department of the Army‘s
Environmental Strategy with its four pillars of prevention, compliance, restoration, and
conservation; other environmental statutes and WRDA that govern USACE activities. The
Environmental Operating Principles inform the plan formulation process and are integrated into
all proposed program and project management processes.

The Environmental Operating Principles are as follows:

1. Strive to achieve environmental sustainability, and recognize that an environment
maintained in a healthy, diverse, and sustainable condition is necessary to support
life.

2. Recognize the interdependence of life and the physical environment, and proactively

consider environmental consequences of USACE programs and act accordingly in all
appropriate circumstances.

3. Seek balance and synergy among human development activities and natural
systems by designing economic and environmental solutions that support and
reinforce one another.

4. Continue to accept corporate responsibility and accountability under the law for
activities and decisions under our control that impact human health and welfare and
the continued viability of natural systems.

5. Seek ways and means to assess and mitigate cumulative impacts to the environment
and bring systems approaches to the full life cycle of our processes and work.

6. Build and share an integrated scientific, economic, and social knowledge base that
supports a greater understanding of the environment and impacts of our work.

7. Respect the views of individuals and groups interested in USACE activities, listen to
them actively, and learn from their perspective in the search to find innovative win-
win solutions to the nation‘s problems that also protect and enhance the
environment.

Ecosystem sustainability and diversity have been integrated into the goals and objectives for the
study and have guided the plan development, evaluation and selection processes. Target acres
by habitat type, a salinity regime, and restoration of critical landscape features have been used
as metrics for incorporating sustainability and habitat diversity into plan formulation. Sections
2.5 through 2.10 detail the plan formulation, evaluation and selection processes, including
discussions of the significance of a healthy, sustainable, and diverse ecosystem.

Generally, consequences of restoration measures evaluated in this study are beneficial to both
the natural and human environments. For example, improving aquatic habitat can have a
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positive impact to commercial fishing interests. In some instances, beneficial effects in the
natural environment can result in adverse impacts to the human environment, and vice versa. In
cases where an environmental benefit may have adverse effects to another environmental or
human resource, the beneficial and adverse consequences have been carefully considered in
the plan formulation process.

Decisions and recommendations that may result from this study would be compliant with all
applicable laws, regulations and policies. The potential adverse and beneficial impacts of any
proposed actions would be evaluated with particular attention to the continued viability of the
ecosystem and potential impacts to the health, safety and welfare of the public.

This study has undertaken a proactive public involvement campaign, including an interactive
website, technical workshops, regular stakeholder visits, focus group meetings, and targeted
stakeholder forums. Active and responsive public involvement has informed the development of
solutions to the problems this study seeks to address, and has facilitated the sharing and
distribution of data and knowledge. The relationships that the study team has developed with
non-governmental organizations (NGOs), local officials, community and special interest groups,
the academic community and agency partners are intended to facilitate the consensus-building
process. The public coordination for this study is discussed in Section 3.0.

1.8 ENVIRONMENTAL PLANNING GUIDING PRINCIPLES

Several of the guiding principles established in the LACPR Technical Report, Coastal
Restoration Appendix applicable to this study area were adopted. The overarching principle
adopted from the LACPR technical report is that sustaining the integrity of the estuarine
environments in coastal Louisiana, including various landscape features that make up those
environments is critical to the ecological health, social and economic welfare of the region.
Model analysis conducted for the LACPR of storm surge levels and wave magnitudes
demonstrate the value of coastal features to lowering storm risks (USACE 2009). While the
models show benefits from additional marsh, island and landbridge habitat, the effects of
allowing existing features to degrade are even more pronounced.

Guiding principles include:

o Relatively intact estuarine ecosystems are a key attribute in coastal Louisiana, and
alternatives should seek to enhance the resilience and self-sustainability of the
estuarine environments, including protection of existing high-quality estuaries.

¢ Restoration of key processes and dynamics are critical to the long-term health of the
ecosystem.

¢ Riverine diversions must be carefully sited to maximize sediment retention within the
coastal ecosystem and avoid sediment loss to the Gulf because of reduced
Mississippi River sediment loads. Therefore, measures and alternatives must seek to
maximize the combined benefits of diversions that seek to restore natural processes
with mechanical marsh creation measures.

e Additional sources of sediments should be sought where feasible; recognizing that
such measures should not contribute to ecosystem degradation in the source area.
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o Measures should be combined synergistically to maximize possible cumulative
benefits. Thus, the position of features within the landscape has a direct influence on
the potential benefits derived.

o Capacity to assess and quantify benefits and impacts from various measure
combinations may be limited due to the state-of-the-science, uncertainty with future
development, relative sea level rise and other factors. Flexibility is required in project
design and implementation to permit adaptive management as conditions change
and more is learned.

¢ A concerted monitoring and adaptive management program should be a component
of the restoration plan.

1.9 ROADMAP FOR RESTORING ECOSYSTEM RESILIENCY AND
SUSTAINIBILITY

In October 2009, President Obama formed the Louisiana-Mississippi Gulf Coast Ecosystem
Restoration Working Group, co-led by the White House Council on Environmental Quality
(CEQ) and the Office of Management and Budget (OMB) and comprising senior-level officials
from the National Oceanic and Atmospheric Administration (NOAA), the U.S. Environmental
Protection Agency (EPA), and the Departments of the Army (USACE), Homeland Security, the
Interior, and Transportation. The Working Group has developed a Roadmap for Restoring
Ecosystem Resiliency and Sustainability in the Louisiana and Mississippi Coast. One of the
findings of this roadmap is that ‘bold and decisive action is needed now to curtail the rate of
wetland loss and barrier island erosion in the area and to restore some of these lost features
and ecosystem services.”

The systems-based planning approach for this study is in accordance with the strategic
approach described in the Louisiana-Mississippi Gulf Coast Ecosystem Restoration Working
Group Roadmap for Restoring Ecosystem Resiliency and Sustainability. Specifically, the
planning process was cognizant of the following key points of the strategic approach:

o Enhancing essential coastal processes and the ecological services they provide.
o Incorporating a multiple lines of defense strategy.
e Safeguarding the region's rich cultural history and economic resources.

e Addressing the potential impacts of accelerated sea level rise and subsidence as a
strategy to protect communities, infrastructure, and to restore ecosystems and the
services they provide.
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2 PLAN FORMULATION

The guidance for conducting Civil Works planning studies (ER 1105-2-100) requires the
systematic formulation of alternative plans that contribute to the Federal objective. To ensure
that sound decisions are made, the plan formulation process requires a systematic and
repeatable approach. The Economic and Environmental Principles and Guidelines for Water
and Related Land Implementation Studies (Principles and Guidelines) describe the USACE
study process and requirements.

Step 1 - Identify Problems and Opportunities. The first phase of the planning process
defines study area problems and opportunities, as well as study goals, objectives, and
constraints. Because this is an ecosystem restoration study, problems and opportunities are
developed to address the Federal objective of National Ecosystem Restoration (NER). Goals,
objectives, and constraints are developed to help solve the problems and achieve the
opportunities within the confines of legislative authority, policies, and other restrictions.

Step 2 - Inventory and Forecast Conditions. The second planning step consists of
inventorying and forecasting study area resources. This inventory step accounts for the level or
amount of a particular resource that currently exists within the study area, i.e., identification of
existing conditions. This step also involves forecasting to predict what changes will occur to
resources throughout the 50-year period of analysis, assuming no actions are taken to address
the problems in the study area. Comparison of the existing and forecast conditions of the study
area measures the problems resulting from the change in resources over time. Study area
problems are quantified based on this predicted change in resources. This second step also
results in the delineation of opportunities that fully or partially address the study area problems.
An opportunity is a resource, action, or policy that, if acted upon, may alter the conditions
related to an identified problem.

Step 3 — Formulate Alternatives. The third step is to generate alternative solutions. Alternative
plans are formulated across a range of potential scales to demonstrate the relative effectiveness
of various approaches at varying scales. Alternatives are formulated in consideration of study
area problems and opportunities, as well as study goals, objectives and constraints with
consideration of four criteria: completeness, effectiveness, efficiency, and acceptability.

1. Completeness is the extent to which a given alternative plan provides and accounts for
all necessary investments or other actions to ensure the realization of the planned
effects.

2. Effectiveness is the extent to which an alternative plan alleviates the specified problems
and achieves the specified opportunities.

3. Efficiency is the extent to which an alternative plan is the most cost-effective means of
alleviating the specified problems and realizing the specified opportunities, consistent
with protecting the nation’s environment.

4. Acceptability is the workability and viability of the alternative plan with respect to
acceptance by state and local entities and the public and compatibility with existing laws,
regulations, and public policies.
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Step 4 — Evaluate Alternatives. In the fourth step, alternative plans are evaluated for their
potential results to address the specific study problems, needs, and objectives. The measure of
output is expressed by the difference in amount or effect of a resource between the -No-Action
Alternative” conditions and those predicted to occur with each -Action Alternative” in place. This
difference is referred to as the benefits of the action alternative. This evaluation focuses on
ecosystem benefits, which are measured in metrics that reflect the area, productivity, and value
of restored or conserved habitats.

Step 5 — Compare Alternatives. The planning process continues with the fifth step,
comparison of alternative plans to each other utilizing the benefit outputs and costs of the
alternatives. A relationship between costs and varying levels of ecosystem restoration outputs
across a full range of scales is compared.

Step 6 — Select a Plan. The sixth and final step in the process is selection of the plan that best
meets the study objectives and the four criteria in the Principles and Guidelines: completeness,
effectiveness, efficiency, and acceptability. Using the six-step planning process, the
recommended plan is identified.

The USACE Planning Manual (IWR Report 96-R-21) describes planning as a dynamic and
iterative process, in which steps are repeated and may occur out of order. For instance, the
identification of existing and future conditions contributes to the understanding of system-wide
problems and opportunities. During every point in the process, previous steps may be revised
and subsequent steps may be anticipated. This planning approach allows the process to
progress based on the best information available at any given time.

Figure 2-1. Planning Process
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2.1 KEY PLANNING ASSUMPTIONS

In formulating and evaluating alternatives, certain assumptions and/or simplifications were
required. Table 2-1 provides a brief summary of the major assumptions and the scientific basis
or rationale behind each assumption. Additional assumptions specific to plan formulation and
evaluation are described in sections 2.6, 2.7, and 2.8, as well as the Environmental Impact
Statement (EIS) and Engineering Appendix for this study.

Table 2-1. Key Assumptions

Assumption

Rationale for the Assumption

Study Area

The MsCIP effort and other planning efforts
led by the USACE Mobile District will address
vegetated habitat ecosystem restoration
needs in the portions of the study area located
in Mississippi. Except for diversions of
freshwater, the MRGO ecosystem restoration
study will not formulate measures for the
purpose of ecosystem restoration in
Mississippi.

The MsCIP Comprehensive Plan addressed
ecosystem restoration needs in the Bay St. Louis
and western Mississippi Sound areas, such as
barrier island and submerged aquatic vegetation
restoration. To avoid redundancy and ensure
consistency with that plan, the MRGO ecosystem
restoration plan will not re-evaluate those measures.

Plan Objectives

It is not a study objective or restoration target
to restore the study area to a pre-MRGO
hydrologic condition.

This condition cannot be achieved within the study
constraints due to authorized navigation and risk
reduction protection projects and other landscape
changes.

The primary purpose of the plan is ecosystem
restoration. Hurricane and storm damage risk
reduction through the protection and
restoration of natural features contributes to
the need for the plan and is an authorized goal
of the study. The reduction of damages will not
be monetarily quantified. This portion of the
study authority will be achieved through the
restoration of habitat in areas identified as
critical landscape features for storm surge
reduction in scientific literature.

The WRDA implementation guidance dated 28 April
2009 says, -Alternative plans shall be formulated for
the purpose of ecosystem restoration inclusive of
the requirements set forth in Section 7013 of WRDA
2007. Ecosystem restoration studies do not require
the quantification of economic benefits. Benefits of
coastal landscape features with respect to storm
damage risk reduction are difficult to empirically
quantify due to the complex interaction of dynamic
variables.

Future Without Project Conditions

Restoration of the Lake Maurepas swamps is
assumed to be part of the future without
project conditions.

Swamp restoration in these areas is addressed
through several authorized LCA/CWPPRA diversion
projects.

Period of Analysis

For comparison of alternatives, the total period
of analysis is from 2012 to 2065.

The period of analysis includes implementation plus
50 years. The implementation phase is 2012 to
2015 (begins with the first PED year; concludes with
first construction completion year). The 50-year
period begins with the first year of operation (first
year when benefits would be realized) and is 2015
to 2065. Consideration beyond the period of
analysis is given to environmental factors.
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Table 2-1. Key Assumptions

Assumption Rationale for the Assumption

Relationship to Violet, Louisiana Freshwater Diversion Authority
Section 3083 of WRDA 2007 authorizes the This study has identified that a freshwater diversion

. ; ; ; ; at or near Violet may be a key driver in the
design and implementation of a diversion at or A )
. g g o sustainability of the restoration of areas affected by
near Violet, Louisiana, which is located within
the MRGO Ecosystem Restoration Plan study the MRGO and the Lake Borgne ecosystem.
; - ; Feasibility level investigations of the project
area. A freshwater diversion project at or near . . . .

. . authorized in WRDA 2007 Section 3083, will be
the Violet Canal will be analyzed as a included in this stud istent with th
component of the MRGO Ecosystem inciuded in tis study, consistent wi ©
Restoration Plan Implementation Guidance for Section 7013 WRDA
' 2007 dated 28 April 2009.

Minimum Restoration Target

The minimum restoration targets were These targets were set to produce a plan that meets

developed to include direct and indirect habitat | the requirements of the study authority and USACE

impacts of the former navigation channel by requirements for completeness, effectiveness,

habitat type. Impacts include construction, efficiency, and acceptability.

operation, and maintenance of the MRGO

through 2008.

Measures

Maintenance will be performed on all plan Periodic maintenance actions will be developed to

features. sustain benefits over the period of analysis.

Marsh restoration areas will include vegetative | Marsh nourishment is performed using a thin layer

plantings but marsh nourishment areas will of sediment slurry over existing marsh so it is

not. assumed that the existing marsh vegetation will
survive.

2.2 EXISTING CONDITIONS

The long-term impacts of the Deepwater Horizon oil spill on coastal Louisiana are uncertain at
this time. This spill may impact USACE water resources projects and studies within the
Louisiana coastal area. Potential impacts include factors such as changes to existing or
baseline conditions, as well as changes to Future Without Project (FWOP) and Future With
Project (FWP) conditions. The USACE will continue to monitor and closely coordinate with other
Federal and state resource agencies and local sponsors in determining how to best address
potential problems associated with the oil spill that may adversely impact projects and studies.
This may include revisions to proposed actions as well as supplemental environmental analysis
and documentation for specific projects and studies.

2.2.1 Coastal System Processes

An estuary and its immediate catchment form a complex system of ecological, physical,
chemical and social processes, which interact in a highly involved and, at times, dynamic
fashion. The following sections summarize the key processes involved in this ecosystem. These
are discussed in detail in the 2004 LCA report and Section 3.5 of the EIS.
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The Deltaic Processes

The Mississippi River Deltaic Plain and its associated wetlands and barrier shorelines are the
product of the accumulation of sediments deposited by the river and its distributaries during the
past 7,000 years. Regular shifts in the river's course have resulted in four ancestral and two
active delta lobes, which accumulated as overlapping, stacked sequences of unconsolidated
sands and muds. As each delta lobe was abandoned by the river, its main source of sediment,
the deltas experienced erosion and degradation due to compaction of loose sediment, rise in
relative sea level, and storms. Marine coastal processes eroded and reworked the seaward
margins of the deltas forming sandy headlands and barrier beaches. As erosion and
degradation continued, segmented low-relief barrier headlands formed and eventually were
separated from the mainland by shallow bays and lagoons forming barrier islands (USACE
2009).

Marine Processes

Water fluxes in the coastal marshes are driven by the water-level differences across the
estuary. These change over the long term, seasonally, and daily. Long-term rises in sea level
have been documented by many investigators, and recently average about 0.04 to 0.08 inch (1
to 2 millimeters) per year, but are projected to increase due to climate change (Titus and
Richman 2001). These marine processes serve to redistribute sediments and nutrients, as well
as regulate salinity levels and fluxes in the estuaries.

Fluvial Processes

The Mississippi River discharges into the Gulf of Mexico. Most of the Mississippi River waters
are carried westward along the coast, freshening the Gulf waters that move in and out of the
Barataria and Terrebonne estuaries, rather than reaching estuaries in the study area (USACE
2009). Some water is discharged through Baptiste Collette, Cubit's Gap and Pass a Loutre. This
plume can influence the study area especially Breton Sound. The Mississippi River is leveed for
most of its length so sediment no longer reaches many of the Louisiana marshes. The Pearl
River discharges into the Lake Borgne ecosystem via The Rigolets. Other smaller rivers in the
Pontchartrain watershed contribute additional water and sediments from local watersheds.

Chemical Processes

Elements and compounds can enter tidal wetlands by tidal exchange, precipitation, upland
runoff, and groundwater flow. Once in the wetlands, they may be deposited on water bottoms,
adsorbed to particles, or adhered in the tissues of rapidly growing vascular plants.

Biological Processes

Coastal fringe marshes provide habitat for a variety of vertebrate animals including fish, birds,
mammals, and reptiles. Teal (1986) stated that one of the most important functions of salt
marshes is to provide habitat for migrant and resident bird populations. Some wildlife species
inhabiting tidal marshes are important game animals, valuable furbearers, and provide
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recreational opportunities for hunters, birdwatchers, nature enthusiasts, and wildlife
photographers (USACE 2009).

The majority of wildlife species that utilize the wetlands have neither commercial nor
recreational value, but simply are ecologically important members of the ecosystem. For
example, the rice rat and other small mammals play a key role in marsh trophic cycles,
providing food for several species of avian and mammalian predators. Many of the vertebrates
that use the marsh ecosystem are highly mobile and serve as a transfer mechanism for
nutrients and energy to adjacent terrestrial or aquatic ecosystems. Some of the larger
vertebrates, including the muskrat and nutria, consume copious amounts of plants and, at high
densities, may have significant impacts on marsh vegetation structure (USACE 2009).

Tidal marshes provide forage, spawning sites, predation refuge, and nursery habitat for resident
and nonresident fishes and macrocrustaceans. These organisms use tidal marshes or adjacent
subtidal shallows either year round or during a portion of their life history. These organisms are

consumed by nektonic and avian predators and represent an important link in estuarine trophic

dynamics (USACE 2009).

2.2.2 Geomorphic and Physiographic Setting
Louisiana

The study area lies within the Mississippi Delta Region, which is comprised of three geomorphic
regions. Pleistocene Terrace Region is the area north of Lakes Maurepas, Pontchartrain and
Borgne; The Marginal Deltaic Basin is comprised of estuarine marshes and forested wetlands
around Lakes Pontchartrain and Maurepas. Maurepas Swamp includes some of the largest
remaining tracts of forested wetlands in the Lower Mississippi River Valley. The Marginal Deltaic
Basin region lies within the coastal zone of Louisiana, and is influenced by wetland loss,
subsidence, saltwater intrusion and shoreline erosion. The Mississippi River Deltaic Region lies
south and east of Lakes Maurepas and Pontchartrain. The salinity gradient within this region
decreases from east (salt water of the Gulf) to west (fresher waters in the coastal plain) through
the Pontchartrain Basin.

The eastern Louisiana coast consists of a deltaic system with fronting barrier islands built by the
Mississippi River. High, firm land is rare in coastal Louisiana. Elevations of the wetlands are
barely above mean gulf level and at best the soils are soft and poorly consolidated. Within the
Deltaic Plain, finger-like patterns of narrow alluvial ridges, which reach out toward the gulf, are
higher and firmer. These natural levees, formed by overbank processes, occur along active and
abandoned Mississippi River distributaries (Coast 2050). The natural and man-made ridges
form the skeletal framework to which the coastal wetlands are attached. They form hydrologic
basin boundaries, and are more resistant to erosion than the wetlands.

Separating the wetlands from the open Gulf is the Chandeleur Island chain. The islands occur in
an arc fringing an abandoned delta lobe (Morgan and Larimore 1957; Penland and Boyd 1981).
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Figure 2-2. Sedimentation Process
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Mississippi

The western boundary of the state consists of broad expanses of emergent tidal marsh and
riverine swamps. The mainland of Mississippi is bordered on the south by Mississippi Sound, a
shallow body of water that separates the coast from Cat Island, a barrier island that lies
approximately 6 miles offshore.

The geomorphology of Cat Island is more closely related to the geomorphology of the Louisiana
islands. The geologic evolution of Cat Island was also influenced by the extension of the St.
Bernard subdelta 4,000 to 2,000 years ago (Roberts 1997). Cat Island is the only barrier island
in the Mississippi Barrier Island Chain with a significant fringing coastal marsh habitat.

2.2.3 Hydrology
A detailed discussion of study area hydrology is included in the EIS and Engineering Appendix.
Hydrologic Basins

The study area includes the Pontchartrain Basin and the southernmost portion of the Pearl
River Basin. The Lake Pontchartrain Basin consists of Lake Maurepas, Lake Pontchartrain,
Lake Borgne, the Biloxi Marshes, Chandeleur Sound, and associated marshlands and
waterways. Lakes Maurepas and Pontchartrain are hydrologically connected by Pass Manchac,
separated only by landbridges of cypress swamp and fresh/intermediate marsh. Lake Borgne is
hydrologically connected to Lake Pontchartrain through Chef Menteur Pass and The Rigolets.

The Pontchartrain Basin has several freshwater tributaries. These are the most important factor
affecting salinity in Lake Pontchartrain. The annual freshwater flow into Lake Pontchartrain
averages about 3,800 cubic feet per second (cfs). The Pearl River discharges a mean annual
flow of about 10,000 cfs into The Rigolets, and is the largest recurring natural freshwater
influence in the basin. Lake Borgne is connected to the Mississippi River Gulf Outlet by several
bayous, principally Bayous Bienvenue, Dupre, Yscloskey, and La Loutre. Prior to the
construction of levees, seasonal flooding of the Mississippi River provided freshwater inputs into
the study area estuaries.

The Pearl River Basin covers an area of about 7,800 square miles from the headwaters of the
Pearl River in east-central Mississippi to western Mississippi Sound. From its headwaters, the
Pearl River flows southwesterly, forming the boundary between Louisiana and Mississippi in the
southern part of the basin, and discharging into Lake Borgne near The Rigolets. Near the coast,
the river becomes estuarine, bounded by salt marsh and affected by tidal influence. The Pearl
River is about 490 miles long and divides into the Pearl River and the West Pearl River about 50
miles above the mouth. Significant tributaries include the Yockanookany and Strong Rivers.

Tides

Tides in the study area are diurnal, with mean ranges of 0.3 foot (Lake Maurepas) to 0.5 foot
(Lake Pontchartrain) to 1.4 feet (Chandeleur Sound). Mean water levels are affected by winds,
freshwater runoff, and seasonal trends in the Gulf of Mexico. Sustained winds can raise or lower
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peak astronomical tide levels by several feet for short periods. Currents and circulation are
controlled by tides, winds, freshwater discharges, and gulf currents (Tate, et al. 2002).

Hydrodynamics

There are three Federal navigation channels that modified hydrologic conditions in the study
area: the IHNC, the GIWW, and the MRGO navigation channel. The vast network of canals,
pipelines, and production facilities that service the oil and gas industry have also altered natural
hydrology in the study area. Dredged material spoil banks, which are higher than the natural
marsh surface and the many smaller canals dredged for oil and gas exploration, alter the flow of
water through area wetlands. Hydrodynamic alteration changes important hydrogeomorphic,
biogeochemical, and ecological processes, including chemical transformations, sediment
transport, vegetation health, and organism migration.

A hydrologic study across areas of the MRGO channel was conducted from 1959 — 1961 to
evaluate the major hydrologic parameters, including circulation and salinity, prior to opening the
MRGO to marine traffic in 1963 (Rounsefell 1964). These data indicated that the Bayou La
Loutre ridge provided a basin boundary that limited the flow of saline water from the Breton
Sound area into Lake Borgne and nearby wetlands. An analysis of typical tidal flow across the
region indicates that since construction of the MRGO, circulation patterns have been altered
along its length in areas from Breton Sound north to Lake Pontchartrain. The MRGO acted as a
direct passage for tidal exchange, allowing a more direct flow of higher-density saline water
inland.

Dredging performed for construction of the MRGO channel to an approximate depth of 36 feet
resulted in the generation of an abundance of spoil for placement. The spoil was deposited in a
continuous strip along the channel’s southwestern limits. This deposition interrupted the local
circulation patterns of natural waterways that transected the length of the channel, such as
Bayou Bienvenue, Bayou Dupre, and Bayou La Loutre.

Salinity

The USACE - Engineer Research and Development Center's (ERDC) Coastal and Hydraulics
Laboratory ran a numerical model investigation entitled Salinity Changes in Pontchartrain Basin
Estuary, Louisiana, Resulting from Mississippi River-Gulf Outlet Partial Closure Plans. In the
Historical Salinity section of the report data for five stations throughout the basin were analyzed.
The mean pre- and post-MRGO salinity information is from 1951 to 1963 and 1963 to 1977,
respectively. These data indicate that the salinity increased at all five stations throughout the
year after the MRGO was opened.

A hypoxic/anoxic zone in Lake Pontchartrain was first described by Poirrier (1978). Its existence
was verified by extensive water quality sampling done by DEQ in 1980 and 1982 (Schurtz and
St. Pé 1984). This zone appeared to be caused primarily because the MRGO carries bottom
water in excess of 20 parts per thousand (ppt), which enters the IHNC and then Lake
Pontchartrain during the flood tide cycle (Georgiou and McCorquodale 2002). This saline water
sinks to the bottom where it moves with the bottom lake currents and can cover at least 1/6 of
the lake's bottom (Schurtz and St. Pé 1984). This stratified water inhibits both mixing and
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oxygenation, generally leading to hypoxic (low oxygen) or anoxic (no oxygen) conditions near
the lake bottom. This hypoxic/anoxic zone seems to appear most often in the spring and
summer (Abadie and Poirrier 2001).

Initial monitoring data indicate that the closure at Bayou La Loutre has contributed to decreased
salinity upstream of the closure (USGS 2009). Results of sampling conducted near the mouth of
the IHNC in Lake Pontchartrain prior to and after closure in summer 2009 indicate a substantial
reduction in differences between surface and bottom salinity and dissolved oxygen levels
(personal communication, Dr. Michael A. Poirrier, UNO). Detrimental DO levels (<4.0 mg/L)
have not been observed in Lake Pontchartrain since the construction of closure.

The influx of rivers creates a salinity gradient within Mississippi Sound (Priddy et al. 1955). Both
east-west and north-south gradients occur in the Sound in addition to vertical gradients.
Generally, positive salinity gradients exist from the mainland seaward and vertically, surface to
bottom (GMFMC 1998). Surface salinity is influenced by the discharge of freshwater from large
rivers and is reduced during periods of higher flow in late spring and early summer (Thompson
et al. 1999). Temperature follows expected salinity trends (USACE 2008b).
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Figure 2-3. Average Salinity 1959-1961 (in parts per thousand)
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Figure 2-4. Annual Average Salinity 1990-2008 (in parts per thousand)
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Figure 2-5. Post-MRGO Closure Annual Average Salinity (in parts per thousand)
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2.2.4 Coastal Vegetation Resources

Nearshore marine and estuarine habitats, including wetlands, are the nursery grounds for the
marine food chain in the Gulf of Mexico. As this habitat erodes or changes, it depletes the
species that form the base of the food chain throughout the Gulf of Mexico. Failure to address
the loss of this habitat in the Gulf region threatens the long-term health of the entire ecosystem
and human culture.

Coastal vegetation resources are institutionally significant because of the Coastal Barrier
Resources Act of 1982; Coastal Zone Management Act of 1972; Emergency Wetlands
Resources Act of 1986; Estuary Protection Act of 1968; Fish and Wildlife Conservation Act of
1980; the Fish and Wildlife Coordination Act of 1958, as amended; Migratory Bird Conservation
Act; Migratory Bird Treaty Act; Endangered Species Act of 1973 (ESA); Magnuson Fishery
Conservation and Management Act 1990; National Environmental Policy Act (NEPA) of 1969;
the North American Wetlands Conservation Act; the Water Resources Development Acts of
1976, 1986, 1990, and 1992; Executive Order 13186 Migratory Bird Habitat Protection; and
Executive Order 13547 Stewardship of the Ocean, Our Coasts, and the Great Lakes.

Coastal vegetation resources are technically significant because they are a critical element of
coastal habitats. In addition, coastal vegetation resources serve as the basis of productivity,
contribute to ecosystem diversity, provide various habitat types for fish and wildlife, and are an
indicator of the health of coastal habitats.

Coastal vegetation resources are publicly significant because of the high priority that the public
places on their aesthetic, recreational, and commercial value. Overall, plant communities
provide protection against substrate erosion and contribute food and physical structure for
cover, nesting, and nursery habitat for wildlife and fisheries. Continued degradation and loss of
existing wetland areas, in concert with truncation of replenishing processes, will accelerate
decline in the interdependent processes of plant production and vertical maintenance necessary
for a stable ecosystem.

2.2.4.1 Land Cover

The vegetation classification descriptions within the study area are covered in detail in the EIS
for this study. Acreages of the various vegetation classifications are provided below.

o Wetland Vegetation — 826,668 total acres

— Palustrine Forested Wetland = 354,226 acres
— Palustrine Scrub/shrub Wetland = 39,448 acres
— Estuarine Scrub/Shrub Wetland = 2,050 acres
— Estuarine Emergent Wetland = 430,944 acres
o Mixed Forest — 344 acres

o Deciduous Forest — 416 acres

o Evergreen Forest — 69,254 acres

o Developed, High Intensity — 19,916 acres
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o Developed, Medium Intensity — 32,248 acres
o Developed, Low Intensity — 96,174 acres

o Developed, Open Space — 18,498 acres

e Open Water — 1,969,152 acres

2.2.4.2 Habitat Types

Common and scientific names of plants and animals in the study area mentioned throughout
this report and appendices are also presented as an appendix in the EIS.

Since the source of salinity in coastal Louisiana and Mississippi is the Gulf of Mexico, salinity
levels exist along a gradient, which declines as the saltwater moves inland and mixes with
freshwater sources. A zonation of plant species that differ in salinity tolerance exists along that
gradient.

The basic coastal wetland habitats within the study area are typically described as Swamp
(Forested Wetlands), Fresh, Intermediate, Brackish and Saline Marsh (Day, et al. 1989) (Mitch
and Gosselink 2000). These habitats are strongly influenced by the salinity regime of the
surface water.

Historically, the habitats were maintained by freshwater introduced through the Mississippi River
and other natural water sources. The construction of levees limits the flow of freshwater into the
marsh, and the construction of canals allows additional saltwater into the estuary. These and
other changes have resulted in the shift of higher salinity habitats inland.

Swamp (0-3 ppt salinity)

Forested coastal wetlands in the study area are dominated by bald cypress and water tupelo,
which are the remnants of extensive logging of virgin forest more than 70 years ago. The
Louisiana swamps generally lack a mature canopy as was present in colonial forests and have
lower productivity where isolated from riverine influences (Shaffer et al 2003).

Fresh Marsh (0-3 ppt salinity)

Fresh marsh has the highest plant diversity of all the coastal habitat types including as many as
93 species. Floating aquatic and submerged plants are common and are significant for
waterfowl. Soils may be highly organic and prone to settlement. Many species of duck and
waterfowl use coastal Louisiana and Mississippi as overwintering grounds for foraging of
diverse invertebrates, plant roots, and tubers.

Intermediate Marsh (2-8 ppt salinity)

Intermediate marsh has lower species diversity than fresh marsh, but may have higher
productivity. This habitat provides important nurseries for brown shrimp, white shrimp, blue crab,
and Gulf menhaden or pogy. Soils may be very poor due to very high organic content.
Submerged aquatic vegetation within lakes and bays are vital to secondary productivity.
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Brackish Marsh (4—-18 ppt salinity)

Brackish marsh has the lowest plant diversity, but may be the most productive type of marsh.
The dominant species is marshhay grass. Oysters are exceptionally significant due to filtration,
biomass, reef building, and commercial harvest and other fish found in reef communities.

Salt Marsh and Barrier Islands (8—29 ppt salinity)

Salt Marsh and barrier islands have high overall species diversity due to plants and animals.
Bird rookeries are an important use of these habitat types. Nesting for sea turtles occurs on
some islands. Some islands in the study area also have true seagrasses on their bay side
lagoons and provide habitat for the endangered West Indian manatee during migration.

2.2.4.3 Invasive Species

Invasive plant species often increase and spread rapidly because the new habitat into which
they are introduced is often free of insects and diseases that are natural controls in their native
habitats. In coastal Louisiana, water hyacinth, alligator weed and hydrilla are well-known
invasive plants. More recently, common salvinia, giant salvinia, and variable-leaf milfoil also
have become invasive, displacing native aquatic species and degrading water quality and
habitat quality (USACE 2009).

Invasive species are a major cause of the extinction of native species (second only to habitat
loss). Muskrat, once trapped for their valuable fur throughout coastal Louisiana, have been
crowded out by South American nutria. In summer 2000, masses of Australian spotted jellyfish
along the Louisiana coast threatened to disrupt the gulf shrimp industry.

2.2.4.4 Rare, Unique and Imperiled Vegetative Communities

The following unique communities, nestled within the broader vegetative habitats, are important
in that they contribute to the extensive diversity of the coastal ecosystem, and are essential to
the stability of the bionetwork.

Marine Submergent Vascular Vegetation Communities

Also known as seagrass beds, marine submergent vascular vegetation communities occur in
shallow, relatively clear offshore marine systems with unconsolidated substrate. The primary
community species listed are turtle grass, manatee grass, and shoal grass.

Estuarine Submergent Vascular Vegetation Communities

Composed primarily of water celery, widgeon grass, southern naiad and horned pondweed,
these brackish communities grow in sand/mud bottom substrates in shallow, protected waters
with low turbidity. Activities that cause long-term increases in turbidity in the waters surrounding
the beds are a serious threat to their viability.
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Coastal Mangrove Thicket

Dominated by black mangrove, this estuarine community has several important ecological
functions - the extensive root systems stabilize shorelines and reduce erosion, provide cover
and food, improve surrounding water quality by filtering nutrients and suspended sediments,
and provide nesting areas for colonial water birds.

Coastal Dune Grassland

Also known as maritime grasslands, coastal dune grassland occurs on beach dunes, relatively
elevated backshore areas above intertidal beaches on barrier islands, and mainland shores.
Marshhay cordgrass is usually the dominant species, but saltgrass, seashore paspalum, beach
panicgrass, seacoast bluestem, and broomsedges are common associates.

Live Oak Forest

Live oak forests occur principally in southeastern Louisiana on natural levees, ridges, or
frontlands, and on islands within marshes and swamps in the coastal zone. Live oak dominates
the stand, but water oak, American elm, sugarberry, red maple, and green ash are usually
prominent community members. There are only a small number of populations known to exist
and they are vulnerable to extirpation (local extinction).

Coastal Live Oak-Hackberry Forest (Coastal Ridge)

Also known as chenier maritime forest, this natural community formed on abandoned beach
ridges primarily in southwest Louisiana, although abandoned beach ridges and stream levees in
the southeast are also locally known as cheniers. Live oak and hackberry are the dominant
canopy species, and other common species are red maple, sweet gum, water oak, green ash,
and American elm.

Fresh Marsh

Although the fresh marshes, as previously described, compose a large amount of the entire
coastal marsh acreage, the Louisiana Natural Heritage Program ranks this community as
imperiled because it has undergone the largest reduction in acreage of any of the marsh types
over the past 20 years due to saltwater intrusion.
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Figure 2-6. Habitat Diversity Degradation
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Figure 2-7. Pre-Altered Habitat and Biodiversity
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2.2.5 Wildlife Resources

Section 3.15 of the associated EIS for this study provides a detailed discussion of wildlife
resources in the study area.

The significance of wildlife resources is demonstrated by the multitude of legislative acts that
exist to manage and conserve the resource. Pivotal among these are the National
Environmental Policy Act of 1969; the Coastal Zone Management Act; the Estuary Protection
Act; the Fish and Wildlife Coordination Act of 1958, as amended; the Migratory Bird
Conservation Act of 1929, as amended; the Migratory Bird Treaty Act of 1918; the Endangered
Species Act of 1973 (ESA), as amended; the Fish and Wildlife Conservation Act of 1980; the
North American Wetlands Conservation Act; Executive Order 13186 Migratory Bird Habitat
Protection; and the Marine Mammal Protection Act. Wildlife resources are critical elements of
the coastal barrier ecosystem and important indicators of the health of coastal habitats. Wildlife
resources are also important recreational and commercial resources as well and are regarded
highly by the public for their aesthetic, recreational, and commercial value.

The USFWS, in a letter dated October 31, 2008, formally requested that significant fish and
wildlife resources be fully considered and addressed in this study, including: seabirds,
shorebirds, wading birds, migratory and resident waterfowl, and estuarine-dependant fishes and
shellfishes.

Coastal Louisiana‘s wetlands support neotropical and other migratory avian species such as
rails, gallinules, shorebirds, wading birds, and numerous songbirds, as well as many different
furbearers, rabbits, deer, and alligators. Louisiana coastal wetlands provide neotropical
migratory birds essential stopover habitat on their annual migration route. The coastal wetlands
in the study area provide important and essential fish and wildlife habitats, used for shelter,
nesting, feeding, roosting, cover, nursery, and other life requirements.

2.2.6 Aquatic and Fishery Resources

Section 3.16 of the associated EIS for this study provides a detailed discussion of aquatic and
fisheries resources in the study area.

Fishery resources, including both finfish and shellfish, are institutionally, ecologically, and
publicly important. They are institutionally important because of the Fish and Wildlife
Coordination Act of 1958, as amended; Endangered Species Act of 1973; Magnuson-Stevens
Fishery Conservation and Management Act of 1976, as amended (Magnuson-Stevens Act);
Magnuson-Stevens Act Reauthorization of 2006; Coastal Zone Management Act; and Estuary
Protection Act. They are ecologically important because they occupy various trophic levels in
the aquatic environment. They are publicly important because of the high priority placed on their
aesthetic, recreational, and commercial value.

Emergent wetlands and shallow open water areas in the study area provide important habitat
and Essential Fish Habitat (EFH). The area historically and currently provides valuable habitat
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for recreational and commercial fishing, oyster culture, and nursery areas for a wide variety of
finfish and shellfish (Rounsefell 1964; Penland et al. 2002).

By letter dated October 27, 2008, the National Marine Fisheries Service (NMFS) indicated water
bodies and wetlands in the study area provide nursery and foraging habitats supportive of a
variety of economically important marine fishery species, such as striped mullet, Atlantic
croaker, gulf menhaden, spotted and sand seatrout, southern flounder, black drum, and blue
crab. Some of these species also serve as prey for other fish species managed under the
Magnuson-Stevens Act by the Gulf of Mexico Fishery Management Council (e.g., mackerels,
snappers, and groupers) and highly migratory species managed by NMFS (e.g. billfishes and
sharks).

Mississippi Sound Estuary

The Mississippi Sound estuary provides prime habitat for various lifestages of red snapper,
tuna, redfish, Spanish and king mackerel, grouper, speckled trout, jack crevalle, cobia,
amberjack, marlin, and various species of sharks. Mississippi Sound‘s productivity is ideal for
sport fishermen, commercial fishing, and local recreational use (USACE 2008b).

The total value of commercial fisheries landings in Mississippi amounted to $43.6 million in 2008
(NMFS 2010). The recreational fishing industry, which includes saltwater and freshwater fishing,
is also a significant economic contributor to the state.

Louisiana Estuaries

Louisiana’s coastal estuaries are the most productive in the nation. Louisiana has historically
been an important contributor to the nation‘s domestic fish and shellfish production, and one of
the primary contributors to the nation‘s food supply for protein. Landings in 2008 for commercial
fisheries in coastal Louisiana, estimated at 918 million pounds, were the largest for any state in
the contiguous U.S. and second only to Alaska (NMFS 2009). These landings represent over 11
percent of the total landings in the U.S., with a value of approximately $272.9 million.

Fisheries are discussed in detail in the EIS. Fish were sampled in the MRGO area from 1959 to
1961 (El-Sayed 1961). Estuarine marine species dominated the fish communities with spot,
Atlantic croaker, anchovy, and seatrout ranked among the top ten species in every area
sampled. Nine freshwater species disappeared after the construction of the channel (Fontenot
and Rogillo, 1970). More recent data shows that as the salinity levels increased in the areas
immediately adjacent to the MRGO channel, more marine species began to appear in sampling
trawls (LDWF 2000). Blue crab and brown and white shrimp are harvested in the study area.

Oysters

Adult oysters can tolerate salinity from 0 to 42 ppt, but the optimal salinity range is 5-15 ppt
(EOBRT 2007). Oysters grow faster in areas with fluctuating salinity within their normal ranges,
compared to constant salinity (Pierce and Conover 1954). In Louisiana, a total of 12.8 million
pounds of oyster were harvested in 2008, with a dockside value of $38.8 million (NMFS 2009).
The extent of oyster reefs in Mississippi is estimated at 10,000 to 12,000 acres, of which over
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half is located in the western Mississippi Sound south of Pass Christian. In 2008, 2.8 million
pounds of oyster were harvested in Mississippi, with a value of $6.9 million (NMFS 2009).

2.2.7 Essential Fish Habitat

Section 3.18 of the associated EIS for this study provides a detailed discussion of essential fish
habitat (EFH) in the study area.

Aquatic and tidally influenced wetland habitats within portions of the study area are designated
as EFH for shrimp, red drum, reef fish, and stone crab, as listed in the Fisheries Management
Plan and managed by the Gulf of Mexico Fishery Management Council (GMFMC). The 1996
amendments to the Magnuson-Stevens Fishery Conservation and Management Act of 1996
(MSA) set forth a mandate for the National Marine Fisheries Service (NMFS) of the National
Oceanic and Atmospheric Administration (NOAA), regional Fishery Management Council
(FMC), and other Federal agencies to identify and protect EFH of economically important
marine and estuarine fisheries including critical habitat needed for various life stages. The public
places a high value on seafood and recreational and commercial opportunities provided by
EFH. Specific categories of EFH include all estuarine waters and substrates (mud, sand, shell,
rock, and associated biological communities), subtidal vegetation (sea grasses and algae), and
adjacent intertidal vegetation (marshes and mangroves).

By letter dated October 27, 2008, NMFS identified EFH resources in the study area as including
estuarine emergent wetlands; submerged aquatic vegetation/seagrass beds; mud, sand and
shell substrates; and estuarine and marine water column. Habitats in portions of the study area
are designated as EFH for pink, brown and white shrimp; red drum; Gulf stone crab; lane
snapper; dog snapper; dwarf sand perch; king mackerel; Spanish mackerel; cobia; bonnethead
shark; and Atlantic sharpnose shark.

2.2.8 Threatened and Endangered Species

Section 3.19 of the associated EIS for this study provides a detailed discussion of threatened
and endangered species that occur in the study area.

This resource is institutionally significant because of the Endangered Species Act of 1973, as
amended, and the Marine Mammal Protection Act of 1972. Threatened and endangered species
are technically significant because the status of such species provides an indication of the
overall health of an ecosystem. These species are publicly significant because of the desire of
the public to protect them and their habitats.

Within the State of Louisiana there are thirty animal and three plant species (some with critical
habitats) under the jurisdiction of the USFWS and/or the NMFS, presently classified as
threatened or endangered. The USFWS and the NMFS share jurisdictional responsibility for sea
turtles and the Gulf sturgeon. Of the animals and plants under USFWS and/or NMFS
jurisdiction, nine animal species and no plant species are potentially found within the project
area. Although some of these species may be occasionally found in the project area, those
species that may be potentially impacted by the proposed action are described below.
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o One federally listed endangered avian species, the piping plover, may occur in the
study area. Piping plovers winter on barrier islands along the Gulf coast, including
Louisiana. Portions of the Mississippi Sound shore, the Mississippi River Delta, and
Breton Island and Chandeleur Island chain are critical habitat for piping plovers.

o The West Indian manatee, a federally listed endangered marine mammal, may
occasionally enter Lakes Pontchartrain and Maurepas, and associated coastal
waters and marshes of Louisiana. The West Indian manatee is also found in the
Mississippi Sound and St. Louis Bay.

e The pallid sturgeon is a federally listed endangered nonanadromous fish species
inhabiting the Missouri and Mississippi Rivers from Montana to Louisiana.

o Gulf sturgeon, a federally listed threatened anadromous fish, occur in rivers and
lakes of the Lake Pontchartrain basin. Portions of the Pearl and Bogue Chitto Rivers,
Lake Pontchartrain east of the Causeway Bridge, Little Lake, The Rigolets, Lake St.
Catherine, and Lake Borgne were designated as critical habitat for the Gulf sturgeon
on March 19, 2003 (Federal Register Volume 68, No. 53).

o Five federally listed sea turtle species may occur in the study area: the Kemp's
Ridley sea turtle (endangered), Atlantic green sea turtle (threatened), hawksbill sea
turtle (endangered), loggerhead sea turtle (threatened and under review), and
leatherback sea turtle (endangered).

State Rare, Threatened and Endangered Species

The Louisiana Natural Heritage Program lists thirty-one species as occurring in the study area
not including federally listed species (LNHP 2009). These include: Cooper's Hawk, River Grass,
Big Brown Bat, Southern Umbrella-sedge, Southwest Bedstraw, Bald Eagle, small flower
hemicarpha, Malaclemys terrapin, Diamondback Terrapin, Glossy Ibis, Paddlefish, Clasping-leaf
Pondweed, Ornate Chorus Frog, Sand Rose-gentian, Saw Palmetto, Dune Sandbur, Sand
Dune Spurge, Snowy Plover, Reddish Egret, Creeping Spike-rush, Gull-billed Tern, American
Oystercatcher, Gulf Halophila, Caspian Tern, Brown Pelican, coastal ground cherry, Roseate
Spoonbill, Eared Greenbrier, Turtle-grass, and Sea Oats.

The Mississippi Natural Heritage Program lists five species as occurring in the Mississippi study
area (MNHP 2009). These species include: marsh eryngo, coast sedge, naked-stemmed panic
grass, harper's yellow-eyed grass, and Drummond's yellow-eyed grass.

2.2.9 Recreational Resources

Section 3.23 of the associated EIS for this study provides a detailed discussion of recreational
resources in the study area.

Recreational resources are institutionally significant because of the Federal Water Project
Recreation Act of 1965, as amended, and the Land and Water Conservation Fund Act of 1965,
as amended. Recreational resources are technically significant because of the high economic
value of recreational activities and their contribution to local, state, and national economies.
Recreational resources are publicly significant because of the high value that the public places
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on fishing, hunting, and boating, as measured by the large number of fishing and hunting
licenses sold in Louisiana, and the large per-capita number of recreational boat registrations in
Louisiana.

Louisiana Recreational Resources

State and Federal recreation areas in the Louisiana portion of the study area include: Bayou
Sauvage National Wildlife Reserve, Biloxi Wildlife Management Area, Breton National Wildlife
Reserve, Fort Pike State Historic Site, and the Pearl River Wildlife Management Area. Other
recreational features are provided by parishes and historic communities that attract visitors to a
variety of heritage and cultural festivals, historical sites, parks offering opportunities for active
and passive recreation that include tennis courts, soccer and softball fields, swimming pools,
and golf courses.

Funds from the Land and Water Conservation Fund have supported 164 different recreational
projects in the Louisiana portion of the study area since 1964. Land and Water Conservation
Fund projects in the study area have provided numerous boat ramps and other facilities that
enhance opportunities for recreation (LWCF 2008). Recreation areas in the study area include
15 miles of trails for hiking and biking, 38 boat ramps, four fishing piers, one classroom space,
two visitor centers, and two picnic shelters. These recreation areas provide opportunities for
hunting, hiking, biking, boating, bird watching, fishing and crabbing, crawfishing, shrimping,
education, camping, picnicking, and playing.

Mississippi Recreational Resources

Buccaneer State Park is located in the study area in Hancock County. Due to damage from
Hurricane Katrina, it has been closed since 2005.

The 2 miles of the western tip of Cat Island are within the boundaries of the Gulf Islands
National Seashore under the jurisdiction of the National Park Service. The island is only
accessible by private boat. Recreational opportunities include beaches, hiking, and overnight
camping.

2.210 Historic and Cultural Resources

Section 3.22 of the associated EIS for this study provides a detailed discussion of cultural
resources in the study area.

Historic and cultural resources are institutionally significant because of the National Historic
Preservation Act (NHPA), as amended (16 U.S.C. 470 et seq.), and NEPA. Historic and cultural
resources are technically significant to the fields of anthropology, archeology, architecture, and
other disciplines. Historic and cultural resources are publically significant because of the desire
of the public to protect them for future generations.
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Louisiana

High probability areas for archaeological sites are the ridges adjacent to Bayou La Loutre and
Bayou Terre aux Boeufs. One site situated along Bayou La Loutre is listed on the National
Register of Historic Places (NRHP). Other areas with the possibility of encountering important
cultural resources are the off-shore borrow areas, especially in and around Lake Borgne. The
potential exists for finding boats and ships that took part in the 1814-1815 Battle of New Orleans
in Lake Borgne. Archaeological sites are very common along the shorelines of Lakes Maurepas,
Pontchartrain and Borgne. Archaeological sites are also common along the rivers and bayous
draining into these lakes, especially along the lower reaches of these streams.

Historic plantations are very common along the main channel of the Mississippi River. These
are often represented by the remains of sugar mills and plantation related grave yards.
Important vernacular house types are also situated along the Mississippi River and along the
upper reaches of Mississippi River distributaries.

Mississippi

Site types range from shell middens along streams and on beaches, historic forts and
settlements and shipwrecks. Previous investigations in the area include Lauro 1995, Smith et. al
2007, and U.S. Army Corps of Engineers 1995.

2.2.11 Aesthetics

Section 3.24 of the associated EIS for this study provides a detailed discussion of aesthetic
resources in the study area.

Aesthetic resources are institutionally significant because of the Louisiana Scenic Rivers Act
Acts of 1988 and NEPA. Aesthetic resources are publically significant because of the desire of
the public to protect viewsheds.

The visual complexity surrounding the study area‘’s marshes, bayous, wetlands, ridges and
levees provide a pleasing aesthetic. View points that provide some visual interest are based on
the interplay of lines, forms, colors and textures found in water, vegetation and changes in
elevation from the water's edge to dry land. Public significance is based on expressed public
perceptions and professional analysis of the study area.

Louisiana Scenic Rivers and Streams

The Louisiana Natural and Scenic River System is one of the nation‘s largest, oldest, most
diverse and unique state river protection initiatives (LSU Agricultural Center 2009).

The LDWF administers the Louisiana Natural and Scenic Rivers system established in 1970 for
the purpose of preserving, developing, reclaiming and enhancing the wilderness qualities,
scenic beauties and ecological regime of designated free-flowing water bodies.

There are 21 designated scenic streams or bayous located within the study area (Table 2-2). All
of these streams are used for recreational activities such as boating, fishing, and canoeing.
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Table 2-2. Louisiana Scenic Streams and Rivers in the Study Area

Scenic Stream/River Location

Bayou Dupre The Lake Borgne Canal to Terre Beau Bayou

Lake Borgne Canal The Forty Arpent Canal to Bayou Dupre

Bashman Bayou Origin to Bayou Dupre

Terre Beau Bayou Bayou Dupre to the New Canal

Pirogue Bayou Bayou Dupre to the New Canal

Bayou Bienvenue Bayou Viuere to Lake Borgne

Bayou Chaperon Origin to end

Bayou Cane Fontainbleau State Park to Lake Pontchartrain

Bayou Chinchuba West Causeway approach to Lake Pontchartrain

Bayou Dupre Lake Borgne/Violet Canal to Terre Beau Bayou

Bayou LaBranche Good Hope to Lake Pontchartrain

Bayou Lacombe Talisheek to Lake Pontchartrain

Bayou St. John Origin to Lake Pontchartrain

Bayou Trepagnier Origin to Bayou La Branche

Blind River Origin to Lake Maurepas

Tchefuncte River Origin to Lake Pontchartrain

Pushepatapa Creek East/West Fork to Cross Creek

Tangipahoa River State line to Lake Pontchartrain

Terre Beau Bayou Bayou Dupre to New Canal

Tickfaw River State line to Springville

West Pearl River Wilson/Bradley Slough to East/West mouth
2.2.12 Hazardous, Toxic, and Radioactive Materials

The Phase | Environmental Site Assessment for this study provides detailed information
regarding the presence of hazardous, toxic, and radioactive materials in the study area and is
presented as an appendix in the associated EIS.

During review of historic records the presence of a former World War |l training facility known as
the Shell Beach, Anti-Aircraft Training Center located on the southern shoreline of the eastern
half of Lake Borgne was identified. Based on review of historic documents and information
obtained from personnel interviews, ammunition was shot from both large and small caliber
weapons at targets that were towed above Lake Borgne.

Magnetic surveys of the shoreline protection area between Doulluts Canal and Jahncke’s Ditch
were conducted by USACE Baltimore District, Munitions and Explosives of Concern dredging
experts. These surveys did not identify the presence of Munitions and Explosives of Concern in
the dredged material deposited within an existing shoreline protection project. The Munitions
and Explosives of Concern dredging experts reported a low probability of encountering
Munitions and Explosives of Concern in the study area. The Munitions and Explosives of
Concern dredging experts also recommended that borrow area sediments are monitored during
the project for Munitions and Explosives of Concern.
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Should at anytime during the project Hazardous, Toxic, and Radioactive Waste (HTRW)
concerns arise, the USACE New Orleans District would take immediate actions to investigate
the concerns. Should an HTRW issue be determined and the development of a response action
required, USACE New Orleans District would coordinate with the appropriate Federal and state
authorities to implement an approved response action.

2.2.13 Socioeconomic and Human Resources

Section 3.20 of the associated EIS for this study includes detailed socioeconomic information for
existing and historic conditions in the study area.

Socioeconomic and human resources are institutionally significant because of the National
Environmental Policy Act of 1969; the Estuary Protection Act; the Clean Water Act; the River
and Harbors Acts; the Watershed Protection and Flood Protection Act; and the Water
Resources Development Acts. Of particular relevance is the degree to which the proposed
action affects public health, safety, and economic well-being; and the quality of the human
environment. This resource is technically significant because the social and economic welfare of
the nation may be positively or adversely impacted by the proposed action. This resource is
publicly significant because of the public‘s concern for health, welfare, and economic and social
well-being from water resources projects.

Population

Population in the study area is spread among portions of eleven Louisiana parishes, including
Ascension, Jefferson, Livingston, Orleans, Plaquemines, St. Bernard, St. Charles, St. James,
St. John the Baptist, St. Tammany, and Tangipahoa. The eastern boundary of the study area
includes portions of Hancock and Harrison Counties in Mississippi that do not include any
permanent resident population. The total population of the eleven Louisiana Parishes was
1,382,975 persons in 2007 (City Data 2008). The study area itself, however, is smaller than the
multi-parish area and encompasses only portions of this population. Orleans and St. Bernard
Parishes are wholly included in the study area and had populations of 484,674 and 67,229,
respectively, in 2000. July 2007 estimated post-storm populations were significantly lower.

Business and Industrial Activity

Business and industrial activity for the study area is well-represented by the commercial/
tourism industries of Orleans Parish and the agriculture/fishing industries of the remaining
parishes. The large presence of oil and gas industries in southern Louisiana also impact
business activity in the study area.

Public Facilities and Services

The study area contains the normal array of public facilities and services normally associated
with a major metropolitan area. These include but are not limited to hospitals, medical facilities,
schools, government offices/buildings, public wharves, parks, recreation areas, and public
transportation.
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Transportation

The transportation infrastructure of the study area includes major roadways and navigable
waterways. Interstate 10 passes through the Greater New Orleans area and connects Louisiana
with Texas and Mississippi along the southern corridor. Interstate 55 is its north/south
counterpart, beginning in LaPlace, Louisiana, and ending in Chicago, lllinois. Major waterways
include the Mississippi River and the GIWW. The GIWW is a navigable inland waterway running
approximately 1,050 miles from Carrabelle, Florida, to Brownsville, Texas.

Risk Reduction Infrastructure

When completed in 2011, the 350-mile Hurricane and Storm Damage Risk Reduction System
(HSDRRS) will consist of levees, floodwalls, gates and pumps providing 100-year level
protection to a five-parish area. This system represents a $14.5 billion Federal investment in risk
reduction in the area (Greater New Orleans Hurricane and Storm Damage Risk Reduction
System Facts and Figures, December 2009). One of the major HSDRRS projects within the
study area is the IHNC Surge Barrier. The IHNC Surge Barrier at Lake Borgne is a 1.8-mile-long
barrier, the largest of its kind in the world, and includes three navigation gates and a barrier wall
that will stand 24—26 feet above the water line.

Community and Regional Growth

Historically, most of the activities that have driven regional and community growth have
centered on oil and gas production, tourism, port operations, fishing, and hunting. Development
of the area’s energy resources during the 1950s and 1960s was instrumental in the expansion
of industrial growth in surrounding communities. More recently, saltwater sport fishing has
become an important stimulus to local and regional economies. In the last 40 years this activity
has increased in popularity due to the advancements in affordable and reliable power sources
for small boats and the advent of fiberglass boat hulls. Recreational fishing has a substantial
economic impact on the coastal Louisiana economy.

Community and regional growth have benefitted from the construction of an extensive network
of levees along the Mississippi River for flood protection, and maintenance dredging of the river
sufficient to accommodate deep-draft navigation and waterborne commerce. Numerous lesser
flood control, hurricane protection, and navigation projects have also been developed in
response to public officials seeking support for continued desirable community and regional
growth.

2214 Tropical Storms

Tropical storm events can directly and indirectly contribute to coastal land loss through a variety
of ways: erosion from increased wave energies, removal and/or scouring of vegetation from
storm surges, and saltwater intrusion into estuaries and interior wetlands carried by storm
surges. These destructive processes can result in the loss and degradation of large areas of
coastal habitats in a relatively short period of time (days and weeks versus years).
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2.3 FUTURE WITHOUT PROJECT CONDITION

The No-Action Alternative is an analysis of the Future without Project (FWOP) Conditions for the
period of analysis. Chapter 4 of the EIS, Environmental Consequences, describes the potential
direct, indirect, and cumulative impacts of the No-Action Alternative for the MRGO Ecosystem
Restoration Study in detail.

The No-Action Alternative would have no direct beneficial or adverse impacts. Most of the
indirect and cumulative impacts resulting from the No-Action Alternative are related to coastal
land loss, which is expected to continue into the future without action.

Without action, the key systemic problems in the study area would persist over the period of
analysis (2011 to 2065).

o Land loss: 131,100 acres of emergent wetlands are projected to be converted to open
water (USGS 2010).

¢ Bank/shoreline erosion: Erosion would continue to threaten the littoral structure of the
ecosystem and the integrity of critical landscape features.

o Habitat change and loss: Wetland losses, saltwater intrusion, and further modification
of natural hydrology would result in an increasingly homogenous system. Rare and
unique habitat would become increasingly scarce.

¢ Modification of natural hydrology: Land loss would result in the convergence of open
water areas into larger waterbodies, further altering the study area hydrology.

o Decreased freshwater, sediment, and nutrient inputs: Authorized freshwater
diversions in the study area would not fully address the need for additional freshwater,
sediments, and nutrients in the study area to nourish emergent vegetation and
counteract subsidence and sea level rise.

e Saltwater intrusion: The channel closures at Bayou La Loutre and the IHNC are
projected to decrease saltwater intrusion into the IHNC and Lake Pontchartrain via the
former navigation channel. However, land loss and shoreline erosion would continue to
allow more saline waters into the study area estuaries.

o Retreating and eroding barrier islands: The entire Chandeleur Island chain is
projected to convert to subsurface shoals within the period of analysis.

¢ Ridge habitat degradation and destruction: The Bayou La Loutre ridge would
continue to subside to marsh elevation.

¢ Invasive species and herbivory: Without action, invasive vegetation will continue to
out-compete native species. Nutria would continue to destroy emergent wetlands.

¢ Increasing susceptibility of coastal communities to storm surge: As emergent
vegetation along the marsh edge continues to degrade and erode, interior marshes and
human development will become increasingly exposed to the open waters of the Gulf of
Mexico.

2.3.1 Other Restoration Efforts

Wetland losses in the Louisiana study area would be offset to some extent by other Federal,
state, local, and private restoration efforts, which were predicted by the LCA study to create,
restore and/or protect approximately 64,410 net acres in the study area (LCA Subprovince 1).
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These numbers are based on a 20-year project life for CWPPRA projects and 50-year project
life for all others evaluated.

In addition, more recent restoration efforts would also cumulatively interact to help offset losses
of soil resources in the study area, including the following:

o CWPPRA PO-30 Lake Borgne Shoreline Protection project.

e The MRGO 2006 Lake Borgne Shoreline Protection, (Doullut's Canal to Jahncke's
Ditch), St. Bernard Parish, LA (06-C-0210) project.

e The MRGO 2007 North Bank Foreshore Dike Construction and Repairs, Mile 44.4 to
Mile 39.9 (Non-Continuous), St. Bernard Parish, LA (07-C-0089) project.

WRDA 2007 authorizes the LCA Plan near-term restoration features, including construction and
additional investigations. Implementation of the LCA program WRDA 2007 passed would
provide positive cumulative impacts in reducing the loss of wetlands throughout the study area.

Other ongoing restoration projects include the Parish Coastal Wetlands Restoration Program
(-Shristmas Tree Program”), State of Louisiana projects, CIAP projects, civil works mitigation
projects, regulatory permit mitigation projects, LDNR/NRCS/Soil and Water Conservation
Committee Vegetation Planting Program, and private restoration efforts.

2.3.2 Coastal Land Loss

Land loss in the study area is expected to continue over the 50-year period of analysis. Without
action, coastal vegetated resources would continue to decline, including bankline erosion and
sloughing of the shoreline, and continued fragmentation and conversion of existing brackish and
saline marsh to shallow open water habitats. Both human induced impacts and natural
processes would contribute to the continued loss of vegetated habitats, including: continued
shoreline erosion and subsidence, increased saltwater intrusion, increased water velocities, and
increased herbivory.

The LCA Study (USACE 2004) estimated coastal Louisiana would continue to lose land at a
rate of approximately 6,600 acres per year over the next 50 years. It is estimated that an
additional net loss of 328,000 acres may occur by 2050, which is almost 10 percent of
Louisiana‘s remaining coastal wetlands.

Wetland acreage data (1985 through 2006) was obtained from the USGS for the study area.
FWOP wetland acreages were determined via a linear trendline through those data. Where
applicable, annual net acreage benefits associated with pre-existing or soon to be constructed
restoration projects were added to the base subunit FWOP acreages to obtain revised FWOP
subunit acreages.

With no action, 131,100 acres of emergent wetlands in the Louisiana portion of the study area
are predicted to be lost over the period of analysis (USGS 2010). Overall, the majority of direct
land loss is expected to occur from interior wetlands. However, substantial wetland losses are
also predicted to occur due to shoreline erosion. If the landbridges are breached, existing
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vegetated wetlands along these critical landbridges would be converted to open water; and
those wetlands remaining in the area would be exposed to greater hydrologic forcing factors
(tidal flow and wave action).

Figure 2-8. Projected Future Land Loss 2050.
Source: Louisiana Coastal Protection and Restoration Authority

2.3.3 Environmental Consequences of Coastal Land Loss

Adverse impacts that would result from the loss of important and essential vegetated habitats used
by fish and wildlife are the loss of shelter, nesting, feeding, roosting, cover, nursery, and other life
requirements for fish and wildlife; loss of productivity; loss of transitional habitat between estuarine
and marine environments; and increased inter- and intra-specific competition between resident and
migratory fish and wildlife species for decreasing wetland resources. This loss would also reduce the
availability of important stopover habitats used by migrating neotropical birds.

The loss and deterioration of transitional wetland habitats would continue to impact all federally
threatened and/or endangered listed species that utilize the study area including: Gulf sturgeon,
green sea turtle, hawksbill sea turtle, Kemp‘s Ridley sea turtle, leatherback sea turtle,
loggerhead sea turtle, piping plover, and the West Indian manatee.

Cultural Resources

Erosion and land loss would continue to adversely affect existing cultural resources in the study
area. The loss of land within the study area threatens the existence and integrity of these sites.

Recreation and Aesthetics
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Recreational areas may be affected both positively and negatively by the various projects that
would be implemented without the MRGO ecosystem projects. Generally, projects that improve
access to recreation areas or increase the diversity of species in an area would be beneficial to
recreation. Projects that impede access to open waters or limit birding, hunting or fishing areas
would be detrimental to recreation.

The borrow pits that would be created to supply material for structural projects may benefit
recreational fishing by providing additional public access to fishing, additional ponds for
freshwater fishing or for fish hatcheries, and additional habitat for waterfowl. If the borrow pits
are large and in areas where there never was a recreational area, the borrow pits may provide
entirely new recreation opportunities.

Marsh creation projects would benefit recreation by providing additional land for birding and
hunting, but may be detrimental for recreational boating as open waters are removed. Shoreline
restoration projects would reduce risk for recreational areas and would generally benefit
recreation by providing increased areas for bird nesting. Shoreline erosion reduction projects
cause silt and sediment to accumulate along shorelines, which facilitates access to the water
providing a benefit for recreational fishing.

Subsistence bankline erosion and sloughing of the shoreline and conversion of existing
fragmented wetlands to open water habitats would persist, possibly resulting in degraded
viewscapes for those traveling the study area's designated scenic streams.

2.3.4 Socioeconomic Consequences of Coastal Land Loss

The continued coast wide decline of emergent wetlands would contribute to the deterioration of
substrate upon which infrastructure features (e.g., levees; oil, gas and water pipelines,
telephone and electric transmission wires) are constructed. The effects of land loss and
degradation would increase potential infrastructure damage and associated adverse
environmental impacts (e.g. pipeline leaks). Continued land loss would increase the cost of
maintaining and repairing existing infrastructure. These increased costs would likely be passed
on to consumers. An increase in the cost of oil and natural gas infrastructure in Louisiana would
likely increase prices for these commodities nationally.

While hydrodynamic models show some benefits from additional marsh, island, and landbridge
habitat, the effects of allowing existing features to degrade in these areas are even more
pronounced (USACE 2009). Hurricane storm damage risk reduction systems cannot fully
depend on coastal landscape features because of the vulnerability of these features to single
storm events. However, the FWOP condition could pose a hazard to the efficacy of the $14.45
billion Federal investment in risk reduction systems, because the buffer between the structural
system components and open water would continue to deteriorate.

The loss of wetlands in the study area would likely alter the detritus-based food web of the
oyster thereby reducing the localized carrying capacity for oyster leases in the area. The
resultant decline in oyster production in and near the study area would likely result in a local
reduction of oysters, which could lead to higher local oyster prices as leases farther from ports
would be relied upon to maintain harvests. There could be similar impacts to nearby state oyster
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seed grounds in Lake Borgne. This impact could reduce the local availability of seed oysters
used to sustain the local oyster lease productivity. Because Louisiana and Western Mississippi
Sound produce between 60 to 65 percent of the nation‘s oysters, these adverse impacts would
affect oyster availability and prices across the country.

Continued land loss in the study area would gradually change the estuarine system to a
saltwater system. This change could have adverse impacts to estuarine fisheries, as study area
wetlands provide nursery and foraging habitats for a variety of economically important marine
species. Negative impacts to the productivity of fisheries in the study area would affect the
availability and cost of seafood nationally.

Continued degradation and loss of emergent wetlands in the study area would contribute to
increased sedimentation and maintenance of the GIWW navigation channel. As the wetlands in
the Golden Triangle fragment and convert to open water, the protection afforded to the GIWW
from Lake Borgne wind-driven waves would be reduced. Some vessels utilizing the GIWW,
especially barge traffic, would be subjected to more open water conditions as the landbridge
continues to erode, thereby exposing this waterway directly to Lake Borgne. The integrity of the
GIWW as an inland, protected waterway is paramount to its function for navigation and
commerce. Costs to maintain this protection would likely increase if the landbridge breached.

2.3.5 Future Hydrology

Programs such as CWPPRA, CIAP, and LCA as well as ongoing hurricane protection projects
would have indirect impacts on hydrology in the study area. The gates on the GIWW and Bayou
Bienvenue would alter flow patterns in and near the western end of the study area. Construction
of the storm surge barrier structure included dredging an access channel on the Lake Borgne
side of the floodwall (USACE, 2008). The access channel connects the MRGO with the GIWW
across the Golden Triangle, but will be closed after construction. The net effect has been
determined to be negligible. The gates across Bayou Bienvenue and the GIWW would remain
open, except when a storm surge is present or anticipated.

Construction of the storm surge barrier structure would alter the flow path of tidal propagation
into the Central Wetlands area through the Bayou Bienvenue Control Structure. Prior to the
construction of the surge barrier, tidal flow in and out of the Bayou Bienvenue Control Structure
came from multiple directions (i.e. from across the MRGO as well as from north and from south
in the MRGO). With this barrier in place, the tidal flow no longer comes from the south in the
MRGO. Likewise the completed MRGO closure structure at the La Loutre Ridge has altered
tidal flow paths to the Bayou Dupre Control Structure. The tidal connection with Breton Sound
via the MRGO has been severed.

Cumulative Impacts

Cumulative impacts would be the synergistic effect of no action on hydrology with the additive
combination of similar wetland degradation and wetland loss impacts to hydrology and
hydraulics throughout coastal Louisiana, as well as the benefits and impacts to other state and
Federal projects in the vicinity as detailed in the EIS.
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2.3.5.1 Future Salinity Conditions

Hydrodynamic modeling was conducted for this study to determine historic, baseline, and future
conditions in the study area. This effort is described in detail in Annex 1 of the Engineering
Appendix for the study.

FWOP conditions are examined based on the final disposition of future diversions. FWOP
scenarios include the baseline conditions at Violet Siphon, Caernarvon, and Bonnet Carré
Spillway leakage and openings. Planned diversions at Maurepas Swamp (Convent/Blind River,
Hope Canal/Maurepas Swamp River Reintroduction), Caernarvon operation modifications, and
the Central Wetlands Wastewater Treatment Program are included in the FWOP conditions.

Planned diversions from the lower Mississippi River located below the Caernarvon Diversion
were not included in the hydrodynamic model. The Bertrandville Siphon, Bohemia Mississippi
River Reintroduction, Delta Building Diversion (North of Ft. St. Phillip), White Ditch, Bayou
LaMoque and the Benney‘s Bay Diversion were deemed to be sufficiently removed from the
Lake Borgne ecosystem to preclude significant influence on salinity conditions in the area.
Additionally, there is little available information as to the proposed operational schemes for
these diversions. The inflow due to existing cuts, overflows and diversions in the Mississippi
River reach from Baptiste Collette to Bohemia was approximated as 12% of the River flow.

The freshwater diversion for the Violet Siphon was modeled as 100 cfs, which is assumed to be
the average. Historic data were used in the model to include Bonnet Carré Spillway openings
with a maximum flow of 240,000 cfs. The combined diversions into the Maurepas swamp area
(Convent/Blind River Diversion, Hope Canal/Maurepas Swamp River Reintroduction) have a
potential capacity of 4,500 cfs in the FWOP scenario. The Central Wetlands Wastewater
Treatment Program flow totaled approximately 30 cfs.

Input flows for the Caernarvon diversion were increased by roughly 25 percent, which is
consistent with the projected modifications to operations. The increase is calculated by
increasing the actual flows for 2007 and 2008, in which the structure was operated to pulse
large flows, by 25 percent. The resulting flows were then smoothed so as to eliminate rapid
changes that might induce numerical instabilities in the model.

The hydrodynamic model results indicate that the planned diversions reduce salinity in the study
area. However, the salinity reductions do not restore pre-MRGO conditions in the Lake Borgne
ecosystem. Additional freshwater is needed to achieve the salinity targets developed for this
study, as described in Section 2.5.6.

2.3.6 Future Water Quality

The FWOP includes direct adverse and beneficial impacts on water quality from the
implementation of freshwater diversions or other programs, such as CWPPRA, CIAP, and LCA,
within the study area. These diversions could have both adverse and beneficial impacts to water
quality, as discussed in detail in the EIS. Current water quality conditions would likely persist
and coastal wetlands could continue to be affected by natural and man-made factors that have
both beneficial and adverse effects on water quality. The continual loss of emergent wetland
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plants under existing conditions, some of which absorb and transform pollutants in the air and
water, could reduce the amount of pollution absorbed/transformed, which would likely have
direct adverse effects on water quality.

2.3.7 Future Soils

The ongoing conversion of wetlands to shallow open water under existing conditions would
continue in the FWOP. The projected loss of wetlands in the study area is 131,091 acres over
the 50-year period of analysis; this would include the loss of wetland soil types over this area.
The Clovelly muck and Lafitte muck soil types would primarily be lost, with some loss of Fausse
clay soils. Net primary productivity within the study area would continue to decline and existing
wetland vegetation would continue to diminish.

Cumulative impacts of the projected loss of soil resources from the study area would be in
addition to the loss of soil resources throughout Louisiana and Mississippi. The LCA Study
(USACE, 2004) estimated coastal Louisiana would continue to lose land at a rate of
approximately 6,600 acres per year over the next 50 years. It is estimated that an additional net
loss of 328,000 acres may occur by 2050, which is almost 10 percent of Louisiana‘s remaining
coastal wetlands. However, these wetland soil losses would be offset to some extent by
restoration projects implemented through other programs.

2.3.8 Future Barrier Island Resources

Chandeleur and Breton Islands would continue to deteriorate without the implementation of a
restoration program. It is projected that by 2014, Breton Island would have no remaining
subaerial acreage and the entire Chandeleur Island chain (that includes Breton Island) would be
completely eroded. Without the Chandeleur and Breton Barrier Islands, important gradients and
ecotones would not exist in landward bays and wetlands, resulting in decreases in estuarine
habitat complexity followed by decreases in species diversity and biomass (Hester et al., 2005).

2.3.9 Future Coastal Vegetation Resources

Marsh habitat would continue to be restored through other restoration projects and programs,
such as the Coastal Wetlands Planning, Protection and Reservation Act (CWPPRA), the
Coastal Impact Assistance Program (CIAP), and the Louisiana Coastal Area (LCA), but not at a
magnitude to completely restore natural processes and features vital to the long-term success
of the watershed. Without action, the coastal vegetation resources of the project area would
continue to decline through bankline erosion, sloughing of the shoreline, and continued
fragmentation and conversion of existing brackish and saline marsh to shallow open water
habitats. Continuing adverse impacts to coastal vegetation would result from both human
activities and natural processes including continued shoreline erosion and subsidence,
increased saltwater intrusion, increased water velocities, and increased herbivory.

2.3.10 Future Wildlife Resources

Without an extensive ecosystem restoration plan, marsh habitat in the study area would
continue to be restored through other restoration projects and programs, such as those
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authorized for construction through CWPPRA, CIAP, and LCA,; these projects would indirectly
and cumulatively benefit wildlife, but not on a large enough scale to completely restore natural
processes and features vital to the long-term success of the watershed.

Habitat quality would decline as wetlands continue to deteriorate and fragment, specifically in
the critical landbridges within the study area. As interior wetlands convert to open water, there
would be an expected loss of species richness. The continued degradation and loss of wetland
habitat would also likely result in a localized decrease in wildlife use of the area. In general, for
most amphibians, reptiles, birds, and mammals, the fresh, intermediate, and brackish wetlands
are required or preferred to open water habitats (Chabreck, 1988).

2.3.11 Future Aquatic and Fisheries Resources

The persistence of existing conditions, such as wetland fragmentation and emergent wetland
loss, as well as, shoreline and bank line erosion contributing to the continued degradation of
aquatic habitat would continue in the FWOP. Over time, this would result in a substantial
decrease of habitat needed for support the life stages of numerous fish species, therefore
reducing the area’s ability to adequately support fishery resources. Distribution and abundance
of aquatic organisms would likely decrease, indirectly impacting species linked in the food web
to directly affected species. Reduction in emergent wetlands would result in shifts of
predator/prey relationships, decline in fish productivity, and reduced recreational fishing
opportunities.

Continued restoration of emergent marsh and shoreline habitat, authorized through programs
such as CWPPRA, CIAP, and LCA, as detailed in chapter 2, would benefit aquatic and fishery
resources; however, these programs would not be as beneficial on a large scale as the MRGO
Restoration program, which would restore natural processes and features vital to long-term
success of aquatic and fisheries resources.

2.3.12 Future Storm Surge and Wave Conditions

Water levels are expected to be similar or greater than existing conditions in the future. Because
of the uncertainty and wide ranges inherent in sea level rise projections, the MsCIP and the
LACPR efforts used scenarios to evaluate the effects of different relative sea level rise rates
(eustatic sea level rise combined with subsidence) over a 50-year planning period. The relative
sea level rise values used for the MsCIP scenarios were 0 feet, 2 feet, and 3.4 feet (USACE
2008b). The relative sea level rise values used for the LACPR scenarios were 1.3 feet and 2.6
feet, and deltaic rates of 1.9 feet and 3.2 feet (USACE 2009). Because a variety of factors affect
the height of storm surge, at this stage of scientific knowledge it is difficult to quantify the effect
of wetland loss in the study area on storm surge.

The IHNC Surge Barrier will alter flow patterns in and near the middle end of the study area
(Lake Borgne and eastern Lake Pontchartrain). For construction of this structure, an access
channel was dredged on the Lake Borgne side of the floodwall (USACE 2008c). Modeling
indicates that the net effect will be negligible. The gates across Bayou Bienvenue and the
GIWW would remain open, except when storm surge is anticipated. This configuration would
prevent salt-water intrusion into the Central Wetlands in storm situations, while not impeding
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tidal flows under normal circumstances. The concrete surge barrier across the MRGO channel
south of Bayou Bienvenue will stop tidal flow on the channel, but the closure structure at Bayou
La Loutre has a greater impact on non-storm flows in the MRGO. Nevertheless, the water flows
near the sector gates are anticipated to be greater than preconstruction conditions. Additionally,
modeling scenarios indicate that the Chalmette Loop Levee would raise the water levels by up
to 0.1 foot (0.03 meter), with marshes experiencing up to 7 hours of additional wetted period per
day (USACE 2008c).

2.3.13 Relative Sea Level Rise Scenarios

Recent climate research by the Intergovernmental Panel on Climate Change (IPCC) predicts
continued or accelerated global warming for the 21st Century and possibly beyond, which will
cause a continued or accelerated rise in global mean sea level. Subsidence of the deltaic
sediments which characterize the study area is an ongoing process that will continue to
contribute to relative sea level rise. Marsh accretion is a mechanism which allows marshes to
keep pace with relative sea level rise through organic and inorganic sediment accumulation.
Coastal marshes may accrete at a rate that keeps pace with a slow rate of sea level rise;
however, as the rate of sea level rise increases, coastal mashes cannot maintain their elevation,
and they submerge and are transformed to open water. Some Louisiana marshes are able to
survive current sea-level rise conditions; increased sea-level rise may approach or cross this
critical threshold (USGS website).Engineering Circular No. 1165-2-211 dated July 1, 2009,
provides USACE guidance for incorporating the direct and indirect physical effects of projected
future relative sea level rise in managing, planning, engineering, designing, constructing,
operating, and maintaining USACE projects. The National Research Council‘'s 1987 report
Responding to Changes in Sea Level: Engineering Implications recommends a multiple
scenario approach to deal with key uncertainties for which no reliable or credible probabilities
can be obtained. In the context of USACE planning, multiple scenarios address uncertainty and
help to develop better risk-informed alternatives. The final array of alternatives were evaluated
using dew,” satermediate,” and -kigh” rates of future relative sea level rise for both -with” and
-without” project conditions as shown in Table 2-3.

Table 2-3. Relative Sea Level Rise Projections Over the Period of Analysis

Scenario Based On RSLR
Low Historic rates 1.8 feet 0.55 meters
Medium NRC Curve | 2.2 feet 0.69 meters
High NRC Curve llI 3.7 feet 1.12 meters

The -high” rate exceeds the upper bounds of IPCC estimates from both 2001 and 2007 to
accommodate for the potential rapid loss of ice from Antarctica and Greenland.

Wetland Acreage Predictions under Increased SLR Rates

For the medium and high scenarios, the future wetland loss rates were increased to simulate effects
of increased wetland submergence. Using predicted future water levels (based on the Shell Beach
gage) under medium and high sea-level rise scenarios, those water levels were converted into
relative sea level rise (RSLR) rates, assuming that those water levels incorporate both subsidence
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and sea level rise effects. By subtracting the average accretion value of 7.4 mm/yr (an average of
accretion measurements obtained throughout the project area), from the year 2011 baseline RSLR
rate of 10.24 mm/yr, a net baseline submergence rate of 2.84 mm/yr was calculated. Likewise, the
7.4 mm/yr average accretion value was subtracted from predicted future submergence rates under
both the medium and high SLR scenarios. To calculate future wetland loss rates under increased
SLR scenarios, the baseline wetland loss rate, in acres lost per year, was multiplied by the year X
submergence rate ratio (i.e., Submergence Rate Year X/Submergence Rate Year 2011).

Based on research conducted at the Madison Bay wetland loss hotspot in the Terrebonne Basin, it
appears that when submergence reaches a certain critical threshold, plant productivity decreases
rapidly and the marsh undergoes a rapid loss or collapse, when there is there inadequate sediment
accretion to counter submergence. According to (Nyman et al. 2006), that threshold is 10 mm/yr.
Under the high SLR scenario, this submergence threshold is reached in year 2023. It was assumed
that once that threshold was reached, the marsh would undergo rapid collapse and be totally
converted to open water in 10 years. Consequently, under the high SLR scenario, marshes not
receiving additional sediment would totally disappear by year 2033.

2.4 PROBLEMS AND OPPORTUNITIES

The first step in the planning process is the identification of problems and opportunities.
Problems are undesirable conditions that the study will attempt to improve. Opportunities are
desirable conditions that could be achieved in the future. Study area problems and opportunities
were drawn from prior comprehensive planning studies and from public input and inter-agency
information exchange.

System-wide problems and opportunities were used to identify and define more geographically
specific problems and opportunities throughout the study area. Through the NEPA public
scoping process, the study team solicited input on problems and opportunities from members of
the public, government resource agencies, and other stakeholders. A discussion of general
study area problems and opportunities follows. The study area was divided into subunits and
problems were documented on a subunit basis. Section 2.6, Evaluation of Management
Measures, describes how study area opportunities were developed into management measures
for each subunit.

2.4.1 Study Area Problems

The main water resource problems identified in the study area are as follows:

* Land loss » Retreating and eroding barrier islands
* Bank/shoreline erosion; * Ridge habitat degradation and
*  Habitat change and loss; destruction
« Modification of natural hydrology; * Invasive species;
« Decreased freshwater, sediment, * Herbivory; and
and nutrient inputs; * Increasing susceptibility of coastal
- Saltwater intrusion:; communities to storm surge.
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Figure 2-9. System-Wide Problems and Potential Management Measures
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A conceptual ecological model was developed to illustrate the stressors and drivers of the system.

Figure 2-10. Conceptual Ecological Model
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Coastal Land Loss

As previously described in the sections on existing and FWOP conditions,

perhaps the most serious and complex problem in the study area is land loss.
Land loss is a critical problem not only because of ecosystem degradation but also because of
its role in increasing susceptibility of coastal communities to storm surge. Relative sea level rise,
tropical storms, shoreline erosion, modification of natural hydrology, and other factors contribute
to land loss in the study area. Coastal ecosystem sustainability is threatened by the inability of
many wetlands to maintain their surface elevation. Alterations which allow marsh soils to be
excessively waterlogged cause soil chemical changes stressing even the most resilient marsh
plants. Plant stress can lead to mortality. Once plants die, roots no longer provide structure and
integrity to hold marsh soils, and land loss results.

Bank/Shoreline Erosion

Tropical storms and wind driven waves cause erosion. Navigation channels

subject inland areas to more dramatic tidal forces and wave action, increasing

erosion. Rims of firmer soil around lakes, bays, and natural ridges along
waterways are susceptible to wind-induced erosion. When these firmer soils are eroded away,
organic marsh soils are directly exposed to open water wave attack.

Figure 2-11. Fragmented Marsh Separating Lake Borgne from the MRGO.

Fort Proctor (bottom left), an historic pre- Civil War era fort was originally constructed on land but is now
surrounded by Lake Borgne.
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Habitat Change and Loss
Habitat diversity is important for a healthy ecosystem. Erosion, storm surge
inundation, and salinity changes from decreased freshwater inputs or saltwater

intrusion can cause habitat changes and habitat loss (Figure 2-12). In some
areas (such as the Central Wetlands), loss of habitats with high friction factors, such as swamp

forests, can lead to higher storm surge risk.
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Figure 2-12. Potential Pathways of Change among Habitats and the Associated Driving Forces
(Source: CLEAR)

Modification of Natural Hydrology

Construction of levees, oil and gas canals and navigation channels has altered

natural hydrology, affecting freshwater, sediment, and nutrient transport.

Dredged material spoil banks block the movement of sediment re-suspended

during storms. Hurricanes play a major role in sediment transport and sustaining
land elevations in coastal wetlands (Reed et al. 1997). Hurricanes can also result in massive
land loss. Channels and canals promote saltwater intrusion and increase tidal processes that
impact the marsh by accelerating erosion. Canals impede sheetflow and cause ponding of water
on the marsh. Because of the presence of dredged material banks, partially impounded areas
experience fewer but longer periods of flooding and reduced water exchange when compared to
unimpounded marshes (USACE 2004). This impoundment results in increased waterlogging
and frequently in plant death.

Hypoxic/anoxic conditions (-dead zones”) occur in Lake Pontchartrain and the Gulf of Mexico.
These conditions are caused primarily by excess nitrogen in combination with stratification of
more saline waters. Due to the control of the Mississippi River, nutrients pass though the study
area and into the northern gulf, rather than into adjacent wetlands, which would absorb these
nutrients.
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Decreased Freshwater, Sediment and Nutrient Inputs

The construction of levees along the Mississippi River and its distributaries has eliminated the
periodic floods that provided vital freshwater, sediment and nutrients to the
study area. These flood control measures have seriously altered
hydrogeomorphic, biogeochemical, and ecological processes. Without inputs of
freshwater, sediment and nutrients, coastal land loss is accelerated and natural
subsidence is exacerbated.

Saltwater Intrusion

Saltwater intrusion changes salinity gradients in estuaries, resulting in habitat

shifts. Salinity levels exist along a gradient, which declines as the saltwater

moves inland from the Gulf of Mexico. A distinct zonation of plant communities,

or vegetative habitat types, differing in salinity tolerance exists along that

gradient, with the species diversity of those zones increasing from salt to fresh
environments. Changes to the salinity gradient are caused by a number of factors, including: the
construction of levees, channels and canals, and drainage systems. Tropical storms can
introduce saltwater into fresher areas, damaging large amounts of habitat in a short period of
time.

Retreating and Eroding Barrier Islands

The barrier islands in the Louisiana portion of the study area are the remains of
an abandoned Mississippi River Delta lobe; and their degradation is the result of
the natural deltaic processes. The formation of Cat Island in Mississippi was also
influenced by this abandoned delta, and it is distinct from other Mississippi

barrier islands (Schmid 2001). Barrier islands act as buffers to reduce the effects of ocean

waves and currents on associated

estuaries and wetlands. Louisiana‘s

barrier islands are eroding at a rate of up

to 66 feet per year. According to recent

U.S. Geological Survey (USGS)

estimates, several islands will disappear

by the end of the century (USACE 2009).

Although Cat Island has lost 39% of the

land area it had in 1848, it is the most

stable of the Mississippi barrier islands.

Interior elevations and the orientation of

Cat Island prevent breaching and

overwash by storm waves except along

spits of the eastern shore (Morton 2007).

Figure 2-13. Aerial view of Breton Island (2009)
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Ridge Habitat Degradation and Destruction

Natural levees are ridges formed from sediments delivered over the banks of
rivers and bayous during floods. These ridges assist in defining a watershed and
in maintaining its natural hydrology. Ridges sustain upland shrubs and trees,
providing unique habitat for certain plant and animal species, such as birds and mammals.
Intact ridges prevent intrusion of saltwater into fresher marsh. Natural factors such as
subsidence have contributed to the loss of the ridges. The construction of the MRGO directly
affected the Bayou La Loutre ridge by cutting the channel through the ridge.

Invasive Species

The aggressive spread of invasive species decreases native plant communities,

rapidly altering ecosystem function. For instance, Chinese tallowtree (Triadica

sebifera, formerly Sapium sebiferum), an invasive species found in the study area,
can establish self-replacing monocultures that provide less value to the foraging of migrating
avian species. Disturbed ecosystems are more vulnerable to invasive species than stable
ecosystems: therefore, invasive species are a severe threat to biodiversity and ecological
function in the study area.

In the study area, water hyacinth (Eichhornia crassipes), alligator weed (Alternanthera
philoxeroides), and hydrilla (Hydrilla verticilata), common salvinia (Salvinia minima), giant
salvinia (Salvinia molesta), and variable-leaf milfoil (Myriophyllum heterophylum) are invasive
aquatic vegetative species, displacing native aquatics and degrading water and habitat quality
(USACE 2009). Chinese tallowtree and sea-side cedar (Tamarix gallica) interrupt natural
succession of native prairie, scrub-shrub and woody species because of their tolerance to
flooding and salt stress (USACE 2009). Cogongrass (Imperata cylindrica) is a fast-growing
perennial grass that is infesting Gulf coast wetlands, savannas, and forests (USACE 2009).

y s Herbivory

(/Q During the 1930s, nutria (Myocastor coypus) were accidentally released into the
Y coastal wetlands. Their population has rapidly expanded and their grazing and
foraging for plant roots have been a major contributor to wetland losses (USACE
2009). Although native, rather than an introduced species, muskrat eat-outs may also result in
significant local impacts to area marshes. Eat-outs may recover under some conditions, tropical
storm impacts on an eat-out area may overnight convert such an area to permanent open water
conditions (USGS 2000).

Increasing Susceptibility of Coastal Communities to Storm Surge

The levees and floodgates that allowed increased development in coastal areas

also contribute to subsidence and wetland loss. Continued land loss and

ecosystem degradation cause developed areas to become more susceptible to
storm surge, threatening communities and valuable infrastructure.
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2.4.2 Study Area Opportunities

For each of the problems described in the previous section opportunities to improve future
conditions were identified. Table 2-4 shows the linkages between study area problems and
ecosystem restoration opportunities.

Table 2-4. System-Wide Study Area Problems and Opportunities

Problems

Opportunities

Decreased Freshwater,
Sediment, and Nutrient
Inputs

Modification of Natural
Hydrology

Saltwater Intrusion
Wetland Loss

Ridge Habitat Degradation
and Destruction

Bank/Shoreline Erosion
Habitat Changes and Loss

Invasive Species
Herbivory

Retreating and Eroding
Barrier Islands

Human Development
Susceptible to Storm Surge

Increase sediment, freshwater, and nutrient inputs Increase organic
deposition.

Restore altered tidal circulation patterns and improve water quality.

Prevent saltwater intrusion.
Create wetlands, nourish, and prevent the continued loss of wetlands.
Restore ridge habitat.

Prevent bank and shoreline erosion.

Restore habitat types such as swamps, ridges, submerged aquatic
vegetation, oyster reefs, and barrier islands.

Eliminate or reduce invasive species.
Prevent herbivory.
Restore barrier islands.

Reduce or prevent storm surge damage through restoration of natural
ecosystem features.
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Figure 2-14. Study Area Potential Management Measures
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2.4.3 Ildentification of Management Measures

A management measure is a feature (a structural element that requires construction or
assembly on-site) or an activity (a nonstructural action) that can be combined with other
management measures to form alternative plans. Management measures were developed to
address study area problems and to capitalize upon study area opportunities. Management
measures were derived from a variety of sources including prior studies, the NEPA public
scoping process, and the multidisciplinary, interagency PDT. The structural management
measures considered can be grouped into the following categories:

o Freshwater diversions

o Hydrologic restoration (e.g. plugs, fill, weirs, sills)

o Vegetative plantings

e Marsh restoration, marsh nourishment, and swamp restoration

e Shore protection

e Ridge restoration

e Restoration of forested habitat

e Barrier island restoration

e Submerged aquatic vegetation (SAV) restoration

o Opyster reef restoration
WRDA 2007 Section 7013 states that the study should undertake -efforts to integrate the
recommendations of the report with the program authorized under section 7003 [LCA] and the
analysis and design authorized by title | of the Energy and Water Development Appropriations

Act, 2006 (119 Stat. 2247) [LACPRY]”. Therefore, restoration features located in the study area
proposed in LCA and LACPR were included in the initial evaluation of management measures.

In addition, the following nonstructural measures were considered: invasive species control;
herbivory control; and buy-outs of developed areas for ecosystem restoration purposes.
Invasive species control and herbivory control measures will be further considered in
conjunction with structural measures as detailed designs and implementation plans are
developed. Buy-outs of developed areas were not deemed necessary for the plan because of
the large extent of non-developed areas available for restoration purposes.

2.4.4 Descriptions of Measures by Type

The section describes the types of measures that were identified to address study area
problems and opportunities. The specific measures considered and the initial screening process
as applied to each group of management measures is described in Section 2.6.2.
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Freshwater Diversions

Freshwater diversion features could address the following study area problems:

decreased freshwater, sediment, and nutrient inputs; modification of natural
hydrology; saltwater intrusion; habitat changes and loss; wetland loss; and human development
susceptible to storm surge. Diverting freshwater from the Mississippi River into the study area
could nourish existing marshes to increase their productivity and build wetlands, maintain and
restore salinity gradients, and reintroduce and distribute sediment and nutrients throughout the
ecosystem. The benefits that diversions produce increase over time and continue as long as the
diversion is operated and maintained. In addition, diversion operations can be adaptively
managed to respond to environmental changes and optimize benefits. Figure 2-15 shows the
Mississippi River Diversion at Caernarvon.

Hydrologic Restoration
Measures

Hydrologic restoration measures could
address the following study area
problems: modification of natural
hydrology; saltwater intrusion; and
habitat changes and loss; and human
development susceptible to storm
surge. Hydrologic restoration can be
achieved through backfilling, plugging,
or creating gaps in the banks of canals
and channels. The construction of
water control structures, such as weirs
and sills, can also restore natural
hydrology. Several channels and canals
within the Louisiana portion of the study
area were identified during the scoping
process for potential backfilling,
plugging, installing water control structures (such as weirs and sills), or bank gapping. Bank
gapping can be used to help restore natural hydrology and provide nutrients and sediment to
facilitate organic deposition, improve biological productivity, and prevent further habitat
deterioration (USACE 2004). Weirs and sills provide partial closure and aid sedimentation and
salinity control. Backfilling can serve the dual purpose of water control and land building
(depending upon the depth of fill). Plugging can be accomplished with lateral fill or full closure
structures. Plugging methods are primarily water control structures and do not provide the land
creation benefits of backfilling. Plugging, however, is usually a substantially less expensive
option than backfilling.

Figure 2-15. Caernarvon Freshwater Diversion

Vegetative Planting

Vegetative planting features could address the following study area problems: habitat
changes and loss; wetland loss; herbivory, invasive species; and human development
susceptible to storm surge. One way to address habitat loss is through planting appropriate
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native species in areas that already have the necessary elevation to maintain a particular
habitat. of restore and rebuild wetlands. Vegetated habitat will provide the following benefits:
combat subsidence; reduce breaching and erosion; reduce wave fetch from open water areas;
and allow for more vertical accumulation of vegetation.

Marsh Restoration and Marsh Nourishment

Marsh restoration and nourishment features could address the following

study area problems: habitat changes and loss; wetland loss; herbivory,
invasive species; and human development susceptible to storm surge. One way to address
marsh loss is through the placement of dredged material to restore and rebuild wetlands. Marsh
restoration involves the placement of dredged material in shallow open water areas and
extensively broken marsh to raise the area to marsh elevation. Following compaction and
dewatering, the area is planted with marsh vegetation. Retention dikes, deflection dikes, and/or
closures may be used to contain material within the restoration area. Dredged material is
allowed to overflow to nourish and consolidate existing marsh vegetation within the restoration
area.

Marsh nourishment refers to the placement of a thin layer of dredged material into broken
marsh. The placement of this material facilitates the recruitment and consolidation of marsh
vegetation after dewatering. Unlike marsh restoration features, no plantings are associated with
marsh nourishment features.

Newly restored or nourished marsh will provide the following benefits: add new sediment and
nutrients to the system; combat subsidence; reduce breaching and erosion; reduce wave fetch
from open water areas from previously broken marsh; and allow for more vertical accumulation
of vegetation.

Figure 2-16. Dredge Material Placement for Marsh Restoration
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Swamp Restoration and Swamp Nourishment

Swamp restoration and nourishment features could address the following

study area problems: habitat changes and loss; wetland loss; herbivory,

invasive species; and human development susceptible to storm surge. In
addition to marsh restoration, there were additional suggestions to restore cypress swamp
habitat in the study area. Swamp would be restored through the placement of dredged material,
similar to marsh restoration features described above. Swamp restoration features would have a
higher elevation than marsh restoration features to support cypress trees.

Swamp nourishment is proposed for areas that are currently at marsh elevation, and consists of
placing a thin layer of dredged material to nourish the area, raise elevation, and encourage the
recruitment of cypress-tupelo community species.

Figure 2-17. Dredge Piping Sediment from the Mississippi River to Restore Marsh

Shoreline Protection

Shoreline protection features could address the following study area problems:

habitat changes and loss; wetland loss; and human development susceptible to
storm surge. The prevention of shoreline erosion is essential to addressing the larger problem of
coastal land loss. High water, wave action, wind induced currents, tidal flow, channel
bathymetry, and tidal circulation can contribute to shoreline erosion.

2-50 June 2012



Mississippi River Gulf Outlet Ecosystem Restoration Plan
Final Feasibility Report 2: Plan Formulation

Shoreline protection includes the placement of materials, such as sand, shell, or rock on-shore
or off-shore. Construction methods included the establishment of artificial reefs and breakwaters
off-shore as well as the placement of rock or sand on-shore. These measures dissipate wave
energy and prevent shoreline erosion and land loss.

Figure 2-18. Example of Onshore Placement of Rock for Shoreline Protection

Figure 2-19. Example of Offshore Placement of Rock for Shoreline Protection
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Ridge Restoration

Ridge restoration features could address the following study area problems: habitat

changes and loss; wetland loss; herbivory, invasive species; human development
susceptible to storm surge; and ridge habitat degradation and destruction. Historically, ridges
were formed as natural levees of major and minor distributary channels that diverge from larger
distributaries as they trend toward the outer coast. Deposits of mostly linear dredged material
along the coast may also be considered ridges if they mimic natural levees. Natural ridges in the
study area include the Bayou La Loutre ridge and the Bayou Terre aux Boeufs ridge. Several
reaches of the Bayou La Loutre and Bayou Terre aux Boeufs ridges were proposed for
restoration as part of the initial array of measures considered. Ridge restoration would consist of
the placement of dredged material to a height suitable for upland habitat. Various footprints
were evaluated for several reaches of these historic ridges.

Restoration of Forested Habitat

Restoration of forested habitat could address the following study area

problems: habitat changes and loss; wetland loss; herbivory, invasive

species; human development susceptible to storm surge; and ridge habitat
degradation and destruction. Measures to restore forested habitat include planting woody
vegetation. Vegetative planting measures were developed as standalone measures on existing
spoil banks and in conjunction with other measures such as ridge restoration and swamp
restoration. These measures may contribute to storm surge risk reduction.

Forests are an important resource in the study area and provide important habitat for resident
and migratory birds. Wetland and upland forested habitat historically found in the study area has
decreased. During public scoping meetings, measures to restore forest habitat were suggested.

Barrier Island Restoration

Barrier island restoration could address the following study area

problems: retreating and eroding barrier islands; habitat changes and

loss; and wetland loss. Barrier island restoration was considered for all
barrier islands in the study area. These measures may contribute to storm surge risk reduction
and salinity control. Barrier Islands in the study area consist of the Chandeleur Chain (including
Chandeleur Island and Breton Island) and Cat Island (located between the Mississippi Sound
and the Chandeleur Sound). Restoration of these islands was proposed as part of the initial
array of measures considered.

Through LACPR and MsCIP, the contribution of surge reduction provided by the barrier islands,
in their historic, existing, and altered states, has been subject to sensitivity analyses. The
reports indicate that some surge reduction is realized by the barrier islands. Additional benefits
were also predicted by creating longer and higher islands. It can only be speculated as to how
much actual damage reduction the barrier islands provide, but the disappearance of the barrier
islands provides the means for a dramatically increased wave climate, along the coasts of
Mississippi and Louisiana.

2-52 June 2012



Mississippi River Gulf Outlet Ecosystem Restoration Plan
Final Feasibility Report 2: Plan Formulation

Submerged Aquatic Vegetation (SAV) Pilot Projects

Submerged Aquatic Vegetation (SAV) restoration could address the habitat changes

and loss problem in the study area. SAV beds improve water quality and provide
other ecosystem function benefits such as increased habitat availability for critical fisheries
resources. Worldwide, SAV coverage has been declining. For example, in 1969, an estimated
20,000 acres of SAV were documented in Mississippi Sound and coastal bays. As of 1998, only
2,000 acres were documented (Moncrieff et. al. 1998).

Submerged aquatic vegetation is an important component of the Lake Pontchartrain ecosystem.
Presently, there are few areas where SAV is present, most of which are along the northshore
(Cho and Poirrier 2005). Salinity level and water clarity have been determined to be two of the
main factors that affect SAV in the Lake (Cho and Poirrier 2005).

During public scoping meetings, pilot projects to investigate various methods of SAV planting in
the Mississippi Sound and in Lake Pontchartrain were suggested. SAV restoration measures
are presented as pilot projects because of uncertainties surrounding the re-establishment of
SAV beds. For example, it is unknown if efforts to create habitat conditions that are suitable for
SAV are sufficient for restoration or if more targeted approaches, such as planting, would also
be necessary to re-establish SAV beds.

Oyster Reef Restoration

Oyster reef restoration features could address the following study area problems:

habitat changes and loss; wetland loss; and human development susceptible to storm

surge. The establishment of oyster reefs in the Biloxi Marshes was suggested during
public scoping meetings. Generally, oyster communities are a part of the Lake Borgne
ecosystem and some reef designs could dissipate wave energy and thus prevent shoreline
erosion or land loss and contribute to storm surge risk reduction.

Oyster reefs were considered both for oyster production and shoreline protection purposes.
Three alternative designs for oyster reefs were evaluated as shoreline protection measures, i.e.,
a bio-engineered reef, using crushed stone, or incorporating a berm for oysters in addition to a
traditional rock shoreline protection measure. These measures demonstrate the opportunity to
incorporate benefits for oysters into shoreline protection designs.

2.4.41 Risk and Uncertainty Associated with Restoration Measure Types

All restoration measure types are subject to the general risks and uncertainties discussed in
Section 2.5.4. Risk is considered to be the product of the likelihood of project failure and the
consequences of that failure. Uncertainty is the lack of surety inherent in any future-oriented
planning effort and is the result of incomplete and inadequate information about future
conditions. The following section discusses specific risks for each restoration measure type.

Freshwater Diversion

The diversion of significant quantities of river water typically leads to unintended consequences,
such as sedimentation and shoaling in the main river downstream of the diversion and
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sedimentation in interior distribution channels after the flow is diverted. The likelihood of
shoaling and sedimentation is moderate. The consequences of shoaling and sedimentation are
higher maintenance costs, which would decrease the cost effectiveness of the measure.

Specific risks and uncertainties associated with relative sea level rise in the formulation of
freshwater diversion plans include a loss of benefits, changes in assumed conditions, and
inadequate structure design. The consequences of inadequate structure design could be
significant. To limit the likelihood of plan failure, increased relative sea level rise is incorporated
into the design of freshwater diversion structures.

The SAND2 (Sediment and Nutrient Diversion) method uses sediment and nutrient inputs to
predict accretion rates in areas affected by freshwater diversions. Ideally, sediment loads in the
river at proposed diversion sites would be used in these calculations. Due to data limitations, the
known data from the Tarbert's Landing was used in the analysis of these features. There is
some uncertainty associated with not using site-specific data for the analysis. However the risk
is minimal because the data being used came from a nearby station and the sites that were
evaluated appear to occur in areas of higher sediment concentration in the Mississippi River.

SAND2 uses the average water depth of the project area along with the sediment load
introduced into the area from the river to project future acres of marsh restored and nourished. If
the assumed average water depth is greater or the introduced sediment load is less than what
was assumed, a decrease in the projected benefits could occur.

The implementation of other authorized and planned freshwater diversions is uncertain.
Freshwater diversion alternative plans will consider the potential impacts of other freshwater
diversion, while being formulated to produce benefits independent of other diversions. It is very
likely that the assumptions made in this study regarding other authorized and planned
freshwater diversion projects will be inaccurate. However, by developing freshwater diversion
alternatives that produce benefits independent of other plans, the consequences of this risk are
decreased.

Uncertainties associated with river water constituents that may have unintended consequences
include: increased total suspended sediments, turbidity, and organic/nutrient enrichment of the
water column; disturbance and release of possible contaminants; decrease in water
temperatures; and the possible release of oxygen depleting substances (organic or anaerobic
sediments) as well as possibly decreasing dissolved oxygen (DO) levels. These impacts would
be minimized to the extent practicable through the implementation of stormwater pollution
prevention plans (SWPPPs), the ITM protocols, and other applicable best management
practices (BMPs). The likelihood that river water constituents may have unintended effects is
moderate. However, the consequences of these effects are likely to be temporary and localized
in nature, and therefore are unlikely to significantly affect overall project success.

Hydrologic Restoration Measures

Restoration of hydrologic function can result in unexpected changes to circulation, salinity and
water quality. Relative sea level rise could result in changes in assumed conditions, which could
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decrease the benefit of hydrologic restoration measures. The likelihood of failure associated
with these risks is low, if sufficient analyses are conducted using accurate information.

Marsh Restoration and Marsh Nourishment

Marsh restoration and nourishment measures are susceptible to tropical storms, wind-driven
erosion, the effects of increased relative sea level rise, saltwater intrusion, herbivory, invasive
species, and lack of freshwater and nutrients. These problems contribute to the need for
restoration, while posing the greatest risks to their success. Marsh restoration measures in
interior areas are less susceptible to these risks than areas exposed to open water. However,
without the restoration and protection of areas adjacent to open water, interior marshes will
become increasingly exposed to these forces as the exterior marsh degrades.

It is very likely that one or more of these risk factors will affect project performance, with a
moderate risk of project failure. The consequences of these risks can be complete or partial
project failure and loss of investment. However, the consequences of failure must be considered
on an individual project basis and include an analysis of the consequences of no action. The
effects of these risks were minimized by incorporating lessons learned from previously
constructed projects in the formulation of alternatives and incorporating these risk factors into
the calculation of benefits.

Swamp Restoration and Swamp Nourishment

Saltwater intrusion and unsuitable water levels are the greatest risks associated with cypress
swamp restoration. Therefore, these features were only planned for areas where salinity and
water levels can be controlled to some extent (inside the levee system). The location of cypress
swamp features inside of the levees significantly reduces the likelihood of failure.

Invasive species and herbivory are also a threat to cypress swamp restoration. Chinese tallow
trees could out-compete native species and herbivory could destroy juvenile and newly
established trees. Implementation methods for these features would incorporate controls to
prevent loss of benefits from invasive species and herbivory.

Shoreline Protection

Subsidence, sea level rise, wave action, inaccurate or incomplete data, and design failures are
the primary risks associated with shoreline protection features. Subsidence and wave energy
are unavoidable, and therefore must be carefully considered in the design of alternative
measures to avoid unacceptable consequences. Inaccurate or insufficient survey data or human
error could result in design failures, reducing the effectiveness of these features. Appropriate
maintenance and repair of these features contribute to project success. The likelihood that one
or more of these factors will affect project performance is moderate. The consequences of
failure could result in a significant or total loss of benefits.
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Ridge Restoration

Lack of technical knowledge is a risk associated with ridge restoration features. Very few
coastal ridge restoration projects have been constructed, and there is limited data to contribute
to the successful design and implementation of these features. The lack of knowledge could
jeopardize project success, and the consequences of failure could result in a significant or total
loss of benefits.

In addition to the technical challenges of coastal ridge restoration, other factors threaten the
success of these projects. Tropical storms, subsidence, sea level rise, saltwater intrusion, and
invasive species are risks that can jeopardize the success of ridge restoration measures. The
likelihood of failure due to these factors is moderate. The consequences of failure would be a
partial or total loss of benefit. However, the consequences of failure must be considered on an
individual project basis and include an analysis of the consequences of no action.

Restoration of Forested Habitat

Invasive species and herbivory are risks associated with forested habitat restoration. Chinese
tallow trees could out-compete native species and herbivory can destroy juvenile and newly
established trees. Implementation methods for these features would incorporate controls to
prevent loss of benefits from invasive species and herbivory to reduce risk.

Barrier Island Restoration

The primary risk associated with barrier island restoration is significant loss of benefits due to
erosion and tropical storm events. Because these measures are exposed to the open Gulf,
losses to wave energy can be significant. These risks are unavoidable and are inherent to the
changeable nature of these geographic features. The consequences of these risks can be
complete project failure and loss of investment. Additionally, the opportunity cost of investing in
a higher-risk restoration measure when a lower-risk measure could have been implemented
must also be considered. However, the consequences of project failure must be balanced with a
consideration of the consequences of no restoration.

Submerged Aquatic Vegetation (SAV) Pilot Projects

Lack of technical knowledge is a limiting factor for SAV features. Very few SAV restoration
projects have been constructed, and there is limited data to contribute to the successful design
and implementation. SAV are also fragile components of the ecosystem that are very
susceptible to storm events. Given these limitations, the likelihood of failure is moderate to high.
The consequences of failure are a partial or total loss of benefit and investment. The opportunity
cost of investing in a higher-risk restoration measure when a lower-risk measure could have
been implemented must be considered with the consequences of no action.

Oyster Reef Restoration

There is limited data on oyster reef restoration success as a means of shoreline stabilization
and erosion prevention. The lack of data on oyster reef development for structural purposes is a
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risk to the successful design and implementation of these features. Climate change, saltwater
intrusion, and over-freshening also present a risk to the successful implementation of oyster reef
restoration. If habitat conditions are not conducive to the propagation of oysters, the measures
would be ineffective. It is moderately likely that these risks will result in project failure, and the
consequences would be a partial or total loss of benefit and investment.

2.4.5 Planning Subunits

For planning purposes, the study area has been divided into subunits as shown in Table 2-5
and Figure 2-20. Subunits classified as fastlands (agricultural, developed, and upland areas that
do not have direct and significant impacts on coastal waters) do not function as part of the
estuarine Lake Borgne ecosystem. These fastland areas are not targeted for ecosystem
restoration in this study (LOSR 2002).

Table 2-5 also describes the relevance of each subunit to the MRGO study and how problems
and opportunities were addressed in each subunit. Problems are further described in Table 2-6
for those subunits in which initial plan features were developed.

The initial determination whether restoration features should be developed in a subunit were
based on the study authority. The study authority indicates that the plan would -physically
modify the Mississippi River-Gulf Outlet and restore the areas affected by the navigation
channel”. Therefore, if a subunit was adjacent to the MRGO or considered potentially affected
by the construction, operation, or maintenance of the channel, problems and opportunities were
identified in those subunits.

The study authority also mandates the development of -a plan to restore natural features of the

ecosystem that will reduce or prevent damage from storm surge”. To address this portion of the
authority, if a subunit was identified as a critical landscape feature in LACPR and was located in
either the areas potentially affected by the MRGO or the Lake Borgne ecosystem, management
measures were developed in those subunits.

The study area was interpreted to include the greater Lake Borgne ecosystem, because the
authority also states that the plan should include: -eonsideration of...diversions of fresh water to
restore the Lake Borgne ecosystem”. This interpretation is consistent with the study
Implementation Guidance dated 28 April 2009. The Lake Borgne ecosystem was defined as
areas hydrologically connected to Lake Borgne. Table 2-5 describes the relevance of each
geographic subunit to the MRGO Ecosystem Restoration Plan.
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Figure 2-20. Study Area Subunit

2-58 June 2012



Mississippi River Gulf Outlet Ecosystem Restoration Plan

Final Feasibility Report

2: Plan Formulation

Table 2-5. Subunits by Geographic Area and Their Relevance to the MRGO Ecosystem Restoration Plan

(ID) Subunit Name

Relevance of Subunit to MRGO Plan

Lake Maurepas and North Lake Pontchartrain

(16) East Lake Maurepas

(50) West Lake Maurepas Landbridge

Identified as a critical landscape feature for storm surge risk
reduction in LACPR. Measures were initially developed to
address ecosystem restoration problems but were screened out
because initial investigations indicated that the benefits of these
features were minimal based on historic shoreline erosion and
land loss rates. Habitat changed from cypress swamp to
intermediate marsh on the Eastern Lake Maurepas Landbridge
can be attributed to increased salinity caused by the MRGO.
However, because these areas have relatively low land loss
rates, the benefits of restoration in this area are comparatively
low.

(48) Tchefuncte River Mouth

(47) Tangipahoa River Mouth

(49) Tickfaw River Mouth Tate et al. 2002 indicates that the MRGO contributed to salinity

(28) Lake Maurepas increases as far west as Pass Manchac. Therefore, the MRGO
may have contributed to increased salinity in areas

(02) Amite River hydrologically linked to Lake Maurepas. MRGO effects related

(08) Blind River to saltwater intrusion are partially addressed by the MRGO
closures and are anticipated to be fully addressed by other

(20) Hope Canal authorized projects (Convent/Blind, Amite and Hope

(09) Bonnet Carré Canal/Maurepas Swamp freshwater reintroductions).

(25) LaBranche Wetlands

(33) Northshore Marshes
Lake Pontchartrain was affected by saltwater intrusion caused
by the MRGO. Salinity effects are being addressed by the
MRGO closures. Because it is an open water body, any

(29) Lake Pontchartrain problems, opportunities, or measures in the lake are linked to

the nearest subunit. For example, Submerged Aquatic
Vegetation Restoration in Lake Pontchartrain is linked to the
(05) Bayou Sauvage subunit.

East Orleans Landbridge and South Lake Borgne

(36a) Pearl River Mouth — LA

(17) East Orleans Landbridge

(05) Bayou Sauvage

(26) Lake Borgne

(40) S. Lake Borgne

Subunits 36a, 17, and 05 are part of the Lake Borgne
Ecosystem and are recognized as critical landscape features in
LACPR. Subunit 40 was directly and indirectly impacted by the
MRGO. Subunit 26 was indirectly affected by the MRGO.
Because it is an open water body, any problems, opportunities,
or measures in the lake are linked to the nearest subunit. The
spatial integrity of the MRGO/Lake Borgne Landbridge was
compromised by the construction of the channel. The
maintenance of the form of the lake rim is needed to restore the
estuary. Measures were developed to address subunit
problems and opportunities.

Central Wetlands

(13) Central Wetlands

Subunit 13 was directly and indirectly impacted by the MRGO.
The channel was cut through the eastern portion of the subunit.
Measures were developed to address subunit problems and
opportunities.

IHNC/GIWW
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Table 2-5. Subunits by Geographic Area and Their Relevance to the MRGO Ecosystem Restoration Plan

(ID) Subunit Name Relevance of Subunit to MRGO Plan
More saline water entered these navigation channels via the
(22) IHNC/GIWW MRGO. These areas are being considered as potential borrow
sites.
MRGO

Subunit 32 was directly affected by the dredging and placement
of material during the construction of the channel.

MRGO effects addressed by deauthorization of channel, natural
shoaling.

(32) MRGO Spoil Bank

(31) MRGO Offshore

Biloxi Marsh

(07) Biloxi Marshes Interior Subunits 07 and 18 were directly and indirectly impacted by the
(06) Biloxi Marshes Exterior MRGO. Subunit 06 is adjacent to the Lake Borgne ecosystem

and the offshore portion of the MRGO was dredged in the
vicinity. Measures were developed to address subunit problems
and opportunities.

(18) Eloi Bay

Barrier Islands

(14) Chandeleur Islands Subunits 14 and 15 are adjacent to the Lake Borgne ecosystem
(15) Chandeleur/Breton Sound and the offshore portion of the MRGO was dredged in the
vicinity. Potential borrow sites. An offshore portion of the MRGO
was dredged in subunit 10. Impacts of MRGO are addressed by
deauthorization of channel and natural shoaling.

(10) Breton/Grand Gossier Islands

Florissant

Subunit 19 was indirectly impacted by the MRGO through the
(19) Florissant placement of spoil material and hydrologic changes. Measures
were developed to address subunit problems and opportunities.

Terre aux Boeufs, Hopedale

(21) Hopedale Subunits 21 and 23 were indirectly impacted by the MRGO
through the placement of spoil material and hydrologic changes.

(23) Jean Louis Robin Measures were developed to address subunit problems and
opportunities.

Mississippi Sound

(04) Bay St. Louis Part of the Lake Borgne ecosystem. Problems and

(36b) Pearl River Mouth (Mississippi) opportunities addressed by MsCIP.

Part of the Lake Borgne ecosystem. Problems and

(51) Westem Mississippi Sound opportunities addressed by MsCIP. Potential borrow area.

Caernarvon

(11) Caernarvon North
(38) River aux Chenes Insufficient nexus to Lake Borgne ecosystem or MRGO.

(12) Caernarvon South
River Delta

(01) American Bay

(39) River Delt Insufficient nexus to Lake Borgne ecosystem or MRGO.
iver Delta
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Figure 2-21 illustrates the subunits that were affected by the MRGO and subunits in the Lake Borgne ecosystem.

Figure 2-21. Areas Affected by the MRGO and Lake Borgne Ecosystem Subunits
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Table 2-6.Problems in Initial Feature Subunits

Problems
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Lake Maurepas and North Lake Pontchartrain

(16) Egst and (50) Lake Maurepas X X X X X X X

Landbridge

East Orleans Landbridge

(36a) Pearl River Mouth — LA, (17) East

Orleans Landbridge, and (05) Bayou X X X X X X X

Sauvage

South Lake Borgne

(40) South Lake Borgne X | x| x| x| x | x| x |x]

Central Wetlands

(13) Central Wetlands X | x| x| x| | x | x|

Biloxi Marsh

(B(ZJ Biloxi Marshes Interior and (18) Eloi X X X X X X X X

(06) Biloxi Marshes Exterior X X X X X X X

Barrier Islands

(10) Breton/Grand Gossier Islands X X X

(14) Chandeleur Islands X X X

Florissant

(19) Florissant X | x| x| x| x | x| x| x]

Terre aux Boeufs, Hopedale

(23) Jean Louis Robin X X X X X

(21) Hopedale X X | X | X X X X X

The problem of the susceptibility of coastal communities to storm surge does not appear in the
table because development in the study area generally occurs in the subunits classified as
fastlands. The problems of invasive species and herbivory are combined in the table because
both of those problems generally occur in the same subunits.
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2.5 STUDY GOALS, CONSTRAINTS, AND OBJECTIVES

Study goals, objectives, and constraints were developed to comply with the study authority and
to respond to study area problems and opportunities.

The planning team develops objectives and constraints based on those problems and
opportunities. An objective is a statement of what an alternative plan should try to
achieve, while a constraint is basically a restriction that the alternative plan should avoid.
Objectives, as well as constraints, are written statements that should generally include
the following four types of information: effect (the verb that expresses the intent to bring
about an objective and not to violate a constraint); subject (what is to be changed for the
better through meeting the objective or not changed through avoiding a constraint);
location (often the study area, which defines where the objective is to be achieved); and
timing and duration (often the study period of analysis, which define when and how long
the objective is to be achieved or the constraint to be avoided). Developing specific,
flexible, measurable, realistic, attainable, and acceptable objectives and constraints is
critical to the success of the entire planning process. Objectives and constraints are used
to guide information gathering, to help identify solutions and formulate alternative plans,
to identify which plan effects will be evaluated, to compare the relative effectiveness of
alternative plans, to assist in plan selection, and ultimately, in gauging the success of the
plan implemented (ER 1105-2-100, E-3.a).

2.5.1 Goals

The overarching goals of the MRGO Ecosystem Restoration Plan are as follows:

1.

2.
3.

Restore the Lake Borgne ecosystem and the areas affected by the MRGO navigation
channel.

Restore natural ecosystem features that reduce or prevent storm surge.

Achieve ecosystem sustainability to the greatest degree possible.

2.5.2 Constraints

Planning constraints include legal and policy constraints that are applicable to all Federal water
resources planning efforts, as well as study-specific constraints.

¢ Avoid or minimize negative impacts to threatened and endangered species to the
extent practicable.

¢ Avoid or minimize impacts to critical habitat to the extent practicable.

¢ Do not diminish the level of protection provided by authorized flood risk reduction
projects and hurricane storm damage risk reduction projects.

¢ Avoid actions that negatively affect the ability of authorized navigation projects to
continue to fulfill their purpose to the extent practicable.

¢ Minimize impacts to commercial fisheries (such as oysters).
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e Avoid or minimize contributions to low dissolved oxygen concentrations or conditions
that could result in detrimental algal blooms.

2.5.3 Challenges Associated with Limited Resources
2.5.3.1 Sediment Replenishment and Borrow Source Suitability

The majority of the study area is situated within the abandoned St. Bernard Delta of the
Mississippi River. Active sedimentation related to delta growth ceased in this area over 1000
years ago. Since delta abandonment, the processes of erosion and relative subsidence have
dominated the landscape resulting in land loss and habitat switching. More recently, the
construction of levees along the Mississippi River has eliminated the periodic floods that
provided freshwater, sediment and nutrients to the study area. In addition, upstream reservoirs,
changes in agricultural practices and land uses, and bank stabilization measures have reduced
average sediment loads in the lower Mississippi River by approximately 67 percent since the
1950s (Kesel 1988). Sediments in the Mississippi River that could be used to build land in
critical areas are lost from the system once the River reaches the Gulf of Mexico.

The surface and shallow subsurface of the study area is composed mainly of organic clay and
clay. Coarser sediments are confined mainly to the Mississippi River and the Chandeleur
Islands chain. As land areas erode, much of the material is oxidized or transported away via
suspension. The remaining sediment is distributed throughout the marshes, bays, and lakes.
Detailed investigations to quantify the distribution of eroded and transported sediments over this
extensive study area have not been conducted to date. However, there are no significant land
areas being formed within the study area from deposition of eroded marsh sediments indicating
a net loss of material from the system.

The USACE has developed a conceptual sediment study to determine the amount of sediment
available for restoration efforts throughout coastal Louisiana. The purpose of this initial effort is
to document what is known about present-day sediment transport processes and pathways,
coastal and nearshore volume changes, and sources and sinks of sediment for the Louisiana
coast. In the study area, the primary focus areas include the Mississippi River, Chandeleur
Sound, portions of Breton Sound, and the Mississippi River birdsfoot delta.

In addition to the Louisiana conceptual sediment study, USACE completed an initial study and
comprehensive database of measured suspended solids in the lower Mississippi River (Thorne
et al. 2008). This report indicates that the average annual load over the period 1963 to 2005 at
one representative site on the lower river was approximately 150 million tons, varying between a
minimum of 70 million tons and a maximum of 230 million tons. Further study of sediment loads
in the lower Mississippi River is needed due to variation between sampling frequency and
methods at various sites.

2.5.3.2 Potential Borrow Sources

Potential borrow sources for swamp and marsh restoration features include the Mississippi
River, the IHNC/GIWW, the MRGO, Lake Pontchartrain, Lake Lery, Lake Borgne, Breton
Sound, and offshore sources including the MRGO offshore dredged material disposal site
(ODMDS). Barges could be used to bring material from other locations in the region; however,
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the cost of transporting material by barge generally costs about twice as much as pumping
material via pipeline from a nearby source. Other sources of material from outside of the study
area were not considered a practicable option due to the costs associated with obtaining,
transporting, and stockpiling the needed volume of material.

Lake Borgne

Lake Borgne is a viable borrow source for most of the areas evaluated for restoration in this
study. Lake Borgne is designated critical habitat for Gulf sturgeon, and therefore no actions should
be undertaken that may adversely impact this resource. Lake Borgne includes some sandy bottoms
that are the preferred foraging habitat for this species. These areas were surveyed and excluded
from consideration as potential borrow sources.

Lake Pontchartrain

Lake Pontchartrain is a viable borrow source for features located on the East Orleans
Landbridge. Like Lake Borgne, the portion of Lake Pontchartrain closest to these features is
designated critical habitat for Gulf sturgeon. However, the sandy bottoms of Lake Pontchartrain were
identified as preferred foraging habitat for this species. Therefore this borrow source was not
considered further as other sources that are not preferred foraging habitat were identified closer to
proposed restoration features.

MRGO Channel

Public preference for filling in the channel and restoring the area to historic conditions is documented
in the Scoping Report for this study and numerous other public documents:

e The Final Environmental Impact Statement (EIS) for the Mississippi River-Gulf Outlet
(MRGO), Louisiana, and Lake Borgne — Wetland Creation and Shoreline Protection Project,
a USACE document, states that -use of the MRGO channel as a borrow source was
considered to be contrary to the Congressional intent, as described in House Report No. 109-
359, that funds provided in P.L. 109-148 for authorized operation and maintenance activities
along the MRGO not be used to conduct any dredging of the MRGO channel.” This
reasoning may have limited applicability to the MRGO ecosystem restoration plan.

¢ Louisiana House Concurrent Resolution 34 (2005) to -suspend any current appropriations or
authorizations for expenditure of funds to dredge the Mississippi River Gulf Outlet, to direct
the United States Army Corps of Engineers not to engage in any dredging activities on the
Mississippi River Gulf Outlet, and to begin the necessary process to return the waterway to
wetlands marsh status as close as possible to what it was prior to establishment of the canal.”

o -MRGO Must Go A Guide for the Army Corps Congressionally-Directed Closure of the
Mississippi River Gulf Outlet” (Endorsed by LSU, Coalition to Restore Coastal Louisiana,
Lake Pontchartrain Basin Foundation, Environmental Defense Fund, Gulf Restoration
Network, National Wildlife Federation, Louisiana Wildlife Federation, American Rivers, and
St. Bernard Parish).
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Dredging the MRGO to obtain borrow material for wetland restoration is a potentially unacceptable
alternative. However, because Lake Borgne (the closest available borrow source) is critical habitat for
Gulf sturgeon, all viable alternatives must be investigated to avoid and minimize potential impacts to
critical habitat to the extent practicable.

The MRGO was analyzed as a borrow option for marsh restoration features. Using the channel could
supply <10% of the identified 150+ million cubic yards of sediment need for the entire FIP. Dredging
the channel would provide some cost savings (estimated at ~$20 million in October 2010 Price
Levels) over the Lake Borgne option. As illustrated above, MRGO dredging for borrow is a publicly
sensitive issue that was adamantly opposed in some scoping comments.

Since Lake Borgne dredging raises issues because it is designated critical habitat for the threatened
Gulf sturgeon, a trade off analysis has been conducted. Due to the public acceptability factor, the
lake is the preferred choice while recognizing some higher costs and environmental impacts.
Consultation with NMFS has resulted in a plan that minimizes impacts to critical habitat.

Analyses were conducted for using the MRGO as a potential borrow source between the closures at
Bayou Bienvenue (IHNC Surge Barrier) and Bayou La Loutre. Assuming dredging to -40' by 500" with
a 1' over-depth, approximately 15.5 million cubic yards of material would be available for use in
restoration projects.

The practicability and acceptability of the use of the MRGO must also be considered. -An alternative
is practicable if it is available and capable of being done after taking into consideration cost, existing

technology, and logistics in light of overall project purposes” (40 CFR 230.10 emphasis added). One
purpose of the study is to restore areas affected by the MRGO. The area that was dredged to create
the channel is the most directly affected area.

Degrading the MRGO spoil banks south of the Chalmette Loop Levee to marsh elevation was
considered as a restoration feature that would also provide material. This alternative was rejected
because the spoil bank provides more storm surge protection than it would as marsh.

Mississippi River

The cost per unit associated with moving sediments from the river to restoration areas is
significantly higher than using sediments from the nearest source. All things being equal, using
river sediment for a restoration area with an average pumping distance of 20,000 feet (3.8
miles) would cost approximately 25 to 30 percent more than using material from Lake Borgne.
Dredging costs are positively correlated to distance: the cost of transporting material via pipeline
for an average distance of 50,000 feet is about twice as much for an average distance of 20,000
feet. Because dredging at depths greater than 70 feet necessitates costly modifications to
dredging equipment, it is not always feasible to dredge the nearest location on the river. It is
possible to load dredged river sediment onto barges and transport it to a restoration site.
However, this process costs considerably more than dredging and distributing via pipeline.
Other factors influencing the feasibility of using Mississippi River sediment include
considerations for laying pipe across levees, land, and roads rather than water, and potential
impacts to navigation. Table 2-7 provides a rough cost comparison of dredging from Lake
Borgne and the Mississippi River.

2-66 June 2012



Mississippi River Gulf Outlet Ecosystem Restoration Plan

Final Feasibility Report 2: Plan Formulation
Table 2-7. Cost Comparison of Dredging and Piping Material from Different Borrow Sources
(October 2010 Price Levels)
. . Unit Cost of Dredging and Transporting via Pipeline
Average Pumping Distance Source: Lake Borgne Source: Mississippi River

20,000 If $4.50 $5.75

30,000 If $5.80 $6.75

40,000 If $7.25 $10.00

50,000 If $9.75 $10.25

60,000 If $11.00 $15.00

Notes: Very rough comparison of costs based on recent projects. Estimates for 5 million cubic
yards of material per cubic yard. Assumes the same project from different sediment borrow
sources with all other factors being equal.

Lake Lery

Lake Lery is a viable borrow source for features in the vicinity of Bayou Terre aux Boeufs.
However, a number of other restoration plans currently under development are considering
Lake Lery, and it is uncertain if it will be available for use in the implementation of this plan.

GIWW/Michoud Canal

Features in the Central Wetlands could utilize sediment from the adjacent GIWW channel
between miles 66 and 60. The channel would be dredged to its authorized depth to provide
material for restoration features. The Michoud Canal is another potential source of sediment for
use in this vicinity.

MRGO Offshore Dredged Material Disposal Site (ODMDS)

The MRGO ODMDS is located off of Breton Island and was used as a disposal site for material
dredged for the MRGO navigation channel. This location would be considered as a borrow
source for barrier island restoration. This site is not a practicable site for inland marsh and
swamp restoration features, because it is located between 30 miles to 70 miles away from these
features.

Sand Deposits at Chandeleur and Breton Islands

There are sand deposits at the northern end of Chandeleur Island and the southern end of
Breton Island that could provide a source of material for barrier island restoration. These
deposits were described in a report by Coastal Planning and Engineering, Inc. and the
Pontchartrain Institute for Environmental Sciences. Mining at these sites would have minimal
impact with regard to littoral sediment transport because these sands are at the terminus of the
littoral system and there are no downdrift features that would be impacted.

2.5.4 Environmental Planning Guiding Principles

Several of the guiding principles established in the LACPR Technical Report, Coastal
Restoration Appendix that were applicable to this study area were adopted. The overarching
principle of the guiding principles is that sustaining the integrity of the estuarine environments in
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coastal Louisiana, including various landscape features that make up those environments is
critical to the ecological health, social and economic welfare of the region. Model analysis
conducted for the LACPR of storm surge levels and wave magnitudes demonstrate the value of
coastal features to lowering storm risks (USACE 2009). While the models show benefits from
additional marsh, island and landbridge habitat, the effects of allowing existing features to
degrade are even more pronounced. These guiding principles are consistent with the strategic
approach developed by the Louisiana-Mississippi Gulf Coast Ecosystem Restoration Working
Group‘s Roadmap for Restoring Ecosystem Resiliency and Sustainability.

Guiding principles include:

o Relatively intact estuarine ecosystems are a key attribute in coastal Louisiana, and
alternatives should seek to enhance the resilience and self-sustainability of the
estuarine environments, including protection of existing high-quality estuaries.

o Restoration of key processes and dynamics are critical to the long-term health of the
ecosystem.

e Freshwater diversions must be carefully sited to maximize sediment retention within
the coastal ecosystem and avoid sediment loss to the Gulf because of reduced
Mississippi River sediment loads. Therefore, measures and alternatives must seek to
maximize the combined benefits of diversions that seek to restore natural processes
with mechanical marsh creation measures.

o Additional sources of sediments should be sought where feasible; recognizing that
such measures should not contribute to ecosystem degradation in the source area.

o Measures should be combined synergistically to maximize possible cumulative
benefits. Thus, the position of features within the landscape has a direct influence on
the potential benefits derived.

o Capacity to assess and quantify benefits and impacts from various measure
combinations may be limited due to the state-of-the-science, uncertainty with future
development, relative sea level rise and other factors. Flexibility is required in project
design and implementation to permit adaptive management as conditions change
and more is learned.

e A concerted monitoring and adaptive management program should be a component
of the restoration plan.

These principles support the goals and objectives developed for the study, particularly in terms
of sustainability, geographic integrity, and restoration in a systems context. The development of
alternative plans was influenced by these principles by seeking to maximize the combined
benefits of features. Compliance with these principles was used in the evaluation, comparison,
and selection of plans.
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2.5.5 Risk-Informed Planning Framework

There are numerous risks and uncertainties associated with ecosystem restoration that must be
considered in the planning process. Sources of risk and uncertainties fall into two general
categories: errors in analysis and the variability of natural, social, and economic situations.

Future conditions are inherently uncertain. The forecast of future conditions is limited by existing
science and technology. Future conditions described in this study are based on an analysis of
historic trends and the best available information. Some variation between forecast conditions
and reality is certain. The degree to which these variations would affect planning decisions
made in this study can be limited by recognizing risks and uncertainties in the decision-making
process.

Large uncertainties affect future conditions in the study area, including: climate change; sea
level rise rates; subsidence rates; timing of tropical storm events; changes in frequency and
intensity of tropical storm events; and/or changes in drought conditions. All of these factors
could contribute to the acceleration of degradation of the study area, changing forecast
conditions and the effectiveness of restoration plans.

There are also significant economic and social uncertainties that could affect planning for this
study. The timing and availability of financial resources for implementation is a major uncertainty
that must be considered.

Therefore, planning for this study will address the risks and uncertainties associated with all
alternatives throughout the study process. The MRGO Ecosystem Restoration Plan Feasibility
Study will be conducted within a risk-informed framework, aware of the challenges that risks and
uncertainties present to the development, evaluation, and implementation of alternatives.

2.5.6 Value Engineering

In January 2009, Value Management Strategies, Inc. conducted a Value Engineering (VE)
workshop with the PDT on the MRGO Ecosystem Restoration Study. The workshop was
conducted at the Draft Feasibility Scoping Meeting Report/Preliminary Draft EIS phase, an early
stage of plan formulation. The purpose of the VE study was to help the USACE better formulate
plans to carry forward into the next phase of development. The VE team documented their
findings in a March 2009 VE Study Report. This section evaluates the primary suggestions
developed by the VE Team and how those suggestions were incorporated into the plan
formulation process.

Project Development Process/Plan Formulation

The VE Team was concerned that the alternative measures were too expansive and
unsustainable. The team recommended that additional reduced scope alternative strategies be
developed. Three specific recommended measures were:

o Develop alternative strategies based on limited resources; stabilize East Orleans
Landbridge and Lake Borgne shorelines and contiguous marsh areas only.
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o Develop a long term sustainable project alternative based on sediment capture.

A phased implementation plan was developed considering land loss rates and the importance of
measures to overall ecosystem form and function. Based on these factors, shoreline protection
features, and features with the highest land loss rates are proposed to be constructed first.

The challenges associated with limited resources are not treated as absolute planning
constraints, but are strongly taken into consideration. All of the plans in the final array would
require phased implementation and large amounts of sediment.

Sediment Provisions

Land creation and ridge restoration measures would require an enormous quantity of sediment.
In addition, new land will continue to be lost due to subsidence and relative sea level rise.
Therefore, the VE Team recommended long-term land creation strategies, such as:

o A Mississippi River sediment delivery system using permanent trunk sediment
pipelines; sediment traps via sill dams or over-dredging; and adding dredged
material to diversions from the Mississippi River.

¢ Investigation of various sediment sources, such as:

— Mine only from mid-depth water bottoms;

— Dredge the MRGO channel;

— Dredge the original MRGO spoils in Black Bay and Breton Sound;

— Use MRGO south spoil bank to fill in the MRGO channel;

— Dredge sediment from Lake Pontchartrain and transfer to marsh creation areas;
— Trap sediment near the mouth of the Mississippi River; and

— For nearshore sources, consider continuous re-dredging of perimeter inverted
breakwaters or develop specified borrow locations (e.g., Lake Borgne) with identified
mitigation measures.

At this point in the plan formulation process, feasibility level measures are being evaluated, not
the specific methods of implementing those measures. However, all of the alternative sediment
sources were considered and are discussed in Section 2.5.3.1.

Shoreline Protection

The VE team suggested inverted breakwaters as a method of shoreline protection. The concept
of inverted breakwaters is to excavate near-shore trenches parallel to marsh area open
shorelines for two main purposes: 1) to slow the water and reduce erosion rates and 2) to drop
sediment close to the shore as a partial source of marsh creation and maintenance material.

The New Orleans District has previously tested this concept near Grand Isle and the results
were not favorable. Also, the use of inverted breakwaters would not reduce transportation and
dredging costs, since many shoreline locations are removed from interior marsh creation and
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nourishment sites. Therefore, at this time rock placement is considered the most effective
means of foreshore protection. Similar to the inverted breakwater concept, offshore placement
of rock structures may also benefit marsh by capturing sediments behind the shoreline
protection feature.

Habitat Restoration
The VE team made the following habitat restoration recommendations:

e Consider utilizing wave attenuation devices to reduce (non-storm or hurricane) wave
energy for the purpose of improving vegetation success.

o Consider temporary attenuation devices to reduce wind velocities to protect
vegetation installations, providing a better environment for initial establishment and
expediting the natural restoration processes.

e Utilize the proposed cypress swamp restoration area to biofilter stormwater and
treated wastewater effluent, in lieu of dumping directly into Lake Borgne or the
Mississippi River, to improve water quality and to add nutrients to the biotic system.

¢ Expand the submerged aquatic vegetation (SAV) pilot program to include
consideration of SAV restoration in the marsh areas as well as the lakes.

o Consider soil bioengineering measures for the ridge restoration.

The VE team's habitat restoration recommendations would be taken into consideration in the
detailed design of the federally identified plan.

2.5.7 Trade-Off Analysis

Decision-making for this study requires choices to be made from alternative options. These
choices often entail trade-offs; choosing more of one thing simultaneously means choosing less
of something else. Generally, stakeholders agree that restoration is needed in the study area.
However, there are varying opinions among stakeholders as to where restoration should be
sited, what restoration efforts are most important, and how it will be achieved. Planning for this
study requires the evaluation of trade-offs and the consideration of competing interests.

In the screening process, it was determined which component measures would be retained, and
which components would be eliminated from further consideration. Criteria were established to
screen measures as described in Section 2.6. This step in the study process was a large-scale
trade-off analysis. For example, it was determined that the area to the west of Bayou Terre aux
Boeufs was not significantly affected by the MRGO. This area was identified as a good location
for restoration: the marsh was significantly degraded by Hurricane Katrina, it is located adjacent
to development, and restoration would have synergy with the Caernarvon Freshwater Diversion.
However, recommending restoration in this area under this plan could potentially result in less
restoration in areas that were more directly affected by the navigation channel. Therefore,
Caernarvon area restoration was removed from consideration in favor of restoration in areas
directly affected by the navigation channel.
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The location of borrow sites is also a significant trade-off that was considered in the formulation
of alternatives. Ideally, the restoration features would utilize sediments from outside of the area
to increase the net amount of sediment in the system. Transporting materials via barge, truck, or
rail is significantly more costly than transporting materials via pipeline from within the system.
The Mississippi River was identified as the best source for material for restoration features in
the study area. The sediment is transported from upstream, and therefore represents a net
increase of sediment in the system. The material is also silty-sand, which is more stackable than
the material available from area lake bottoms.

Despite the identification of the Mississippi River as the ideal source of material for restoration
projects, only two features in the FIP would utilize these materials. All things being equal, using
river sediment for a restoration area with an average pumping distance of 20,000 feet (3.8
miles) would cost approximately 25 to 30 percent more than using material from Lake Borgne.
However, all of the proposed marsh and swamp restoration features are significantly farther
away from point bar deposits of river sediment than the nearest borrow source. Because
dredging at depths greater than 70 feet necessitates costly modifications to dredging
equipment, it is not feasible to dredge the nearest location on the river. It is possible to load
dredged river sediment onto barges and transport it to a restoration site. However, this process
costs at least twice as much as dredging and distributing via pipeline. Other factors influencing
the feasibility of using Mississippi River sediment include considerations for laying pipe across
levees and land, rather than water, and potential impacts to navigation.

Lake Borgne water bottoms were determined to be the most cost-effective and feasible borrow
source for construction of the majority of restoration features requiring sediment. However, the
water bottoms of Lake Borgne are critical habitat for the endangered gulf sturgeon. To limit
potential impacts to critical habitat, areas determined to have shell or hard bottoms were
removed from consideration as borrow sites. Lake Pontchartrain is the closest site for a few
marsh restoration features. However, the portion of Lake Pontchartrain in the study area is also
designated critical habitat for gulf sturgeon. Due to the sandy composition of Lake Pontchartrain
bottoms in the vicinity, these areas are considered prime habitat, and were removed from
consideration. The location of borrow sites in Lake Borgne is the result of a significant trade-off.
Some impacts to gulf sturgeon critical habitat are an unavoidable trade-off of achieving the
benefits of the proposed action in a manner that is not cost-prohibitive. Continued coordination
with NMFS and other stakeholders to avoid and minimize these impacts will be conducted in the
design and implementation of these features.

There are also several trade-offs associated with the plan selection process. The alternative
plans selected for the final array represent scales of trade-offs. The no-action alternative does
not have any associated construction costs, but the disbenefits of no action to the ecosystem,
region, and nation involve different kinds of costs. The results of no action are not an acceptable
trade-off for the monetary savings, as evidenced by the Congressional mandate associated with
the study. However, once it has been determined that no action is not an acceptable alternative
for implementation, the action alternative selected for recommendations must balance costs and
benefits.

Specific, measurable study objectives were developed to evaluate plans. The extent to which
these plans achieved the identified objectives was used to determine which plan would be
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chosen for tentative recommendation. This evaluation is discussed in Section 2.7.3. Ultimately,
the first Best Buy Plan that achieved all of the objectives and reasonably maximized benefits for
the least cost was recommended as the FIP.

2.5.8 Objectives Found to be Unattainable

Developing realistic and attainable objectives is critical to the success of the entire planning
process. The following objectives were found to be unrealistic and unattainable based on the
constraints and challenges discussed in the previous sections:

e Restore the ecosystem to pre-Mississippi River and Tributaries (1928) conditions.
e Restore the ecosystem to pre-MRGO (1958) conditions.

¢ Maintain existing wetland acreage in the entire study area.

The following paragraphs describe the reasons for not pursuing the above restoration
approaches.

2.5.8.1 Restoration to pre-Mississippi River and Tributaries (1928) Conditions

Reversing the alteration of the marsh landscape since 1928 would require removing levees and
other hydrologic constraints, backfilling in the extensive network of artificial channels, and letting
the unconstrained physical processes re-create the wetlands, ridges and other features over
time. Even if these measures were implemented, it is unlikely that the system would return to
1928 form. The findings of the LCA and LACPR studies, however, suggest that complete
restoration to a historic level is not feasible or cost-effective.

1. The physical processes that formed the marsh are quite different than those operating
now. For example, sediment loads in the Mississippi River and other tributaries are
much lower now than in recent history and relative sea level rise is greater and projected
to increase with global climate change.

2. There are significant human constraints that limit the ability to restore natural processes.
These include land development, flood risk reduction projects, and the presence of
public infrastructure and travel corridors (including navigation channels and canals)
within the study area.

3. The economic investment in restoration is usually directed towards achieving restoration
goals within a quick timeframe. Conversely, recovery through the restoration of key
natural processes may require decades or even centuries to fully realize benefits at
significant costs. This may also mean trade-offs between created/restored landscape
features that increase or accelerate system sustainability versus the significant
implementation required for unconstrained -ratural” evolution.

2.5.8.2 Restoration to pre-MRGO (1958) Conditions

Full restoration to pre-MRGO conditions would require infilling the entire MRGO channel,
restoring all land lost in the study area between 1958 and the present (wetlands, natural ridges,
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and barrier islands), planting the area with vegetation types present prior to the construction of
the MRGO, and eradication of invasive species that have appeared since 1958. Restoration to
pre-MRGO conditions was eliminated from further consideration due to: 1) the inefficiency
involved with backfilling the MRGO channel and 2) the length of time required for
implementation. For example:

1. ltis estimated that it would require approximately 250—350 million cubic yards of
dredged material to fill the channel from mile 60 to mile 25 at a cost of about $2.8 billion
based on October 2006 price levels, and could take from 15 to 44 years to completely fill
the channel (USACE 2008a). Backfilling the channel would replace the land lost from the
direct impacts of construction and prevent saltwater intrusion into the channel. Backfilling
the entire channel is not seen as an efficient measure, because the resources required
could be used in other ways to produce greater benefits in less time.

2. Human constraints, such as the Lake Pontchartrain and Vicinity project, limit the ability
to restore natural processes. Land use practices and other related factors throughout the
entire Mississippi River drainage area may also effectively constrain opportunities.

2.5.8.3 Maintain Existing Wetland Acreage in the Entire Study Area

Both the LCA and LACPR reports set out to develop plans for maintaining the existing acres of
wetlands across the coast. In the case of LCA, the purpose was for ecosystem function, and in
the case of LACPR, for storm surge risk reduction. In the MRGO study area, the LACPR Final
Technical Report indicates that preserving the quantity and configuration of existing wetlands in
the study area is important for sustaining current levels of storm risk reduction. In peer review of
the LCA and LACPR reports, however, the National Research Council of the National
Academies expressed doubts about the feasibility of sustaining wetlands into the future. The
2006 NRC publication Drawing Louisiana’s New Map: Addressing Land Loss in Coastal
Louisiana states the following:

Full restoration of past Louisiana wetland cover and function will not be possible. The
natural and anthropogenic processes contributing to net land loss in coastal Louisiana
are significant and pervasive, and they have been operating for decades. Achieving no
net loss is not a feasible objective because the social, political, and economic
impediments are extensive; the sediment supply is limited; and the affected area is large.
Louisiana’s coastal restoration plans must acknowledge these limitations prominently and
adjust goals and public expectations accordingly.

2.5.9 Study Objectives and Metrics

Study objectives were developed as specific targets to guide the development of measures and
gauge the extent that plans meet the overarching study goals. Metrics are used to measure how
plans meet those specific targets. Study objectives include targets for salinity, habitat diversity,
and landscape features critical to storm surge risk reduction. Salinity targets are based on
ecosystem health and oyster production. Habitat targets are based on the direct and indirect
habitat impacts of the MRGO navigation channel as described in Section 1.4. Critical landscape
targets for storm surge risk reduction are based on features identified in the LACPR Final
Technical Report. Table 2-8 identifies the study goals and objectives, the portion of the study
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authority related to those objectives, problems and opportunities associated with the objectives,
the management measure types identified to address specific objectives, and metrics for
evaluation of alternatives.
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Table 2-8. Goals, Objectives, Metrics, and Measures

WRDA 2007 Goal(s) Objective Problem Management Metric
Authority Measures
- Sec. 7013 a(3)B(i) 1. Achieve 1. Restore historic salinity conditions in - Land loss Freshwater Percentage of years
- Sec. 7013 a(3)B(ii) ecosystem the study area to re-establish and - Habitat change | Diversion, target can be met over
- Sec. 7013 a(3)Biii) sustainability to | maintain historic habitat types; optimize and loss Hydrologic the period of analysis.
the greatest ecosystem services; and decrease stress Modification

- Sec. 7013 a(3)B(iv)
- Sec. 7013 a(3)B(v)(Il)

degree possible.

to vegetation as measured by the
monthly salinity targets in the Biloxi

- Modification of
natural

hydrolo
-Sec. 3083 (@) and (b) | » Regiore Marsh (as identified by Chatry et al. oy
to be studied under habitat in the 1983) each month of the year, for atleast | . -0 ©70
Sec. 7013 as per Lake Borgne four years out of every ten year period. sediment.
WRDA 2007. ecosystem and and nutriént
implementation the areas s
' inpu
guidance affected by the i galtwater
MRGO . .
o intrusion
navigation
channel.
- Sec. 7013 a(3)B(i) 1. Achieve 2. Restore native habitat acreages - Land loss Swamp Restoration | 1. Number of Acres
- Sec. 7013 a(3)B(ii) ecosystem impacted by the MRGO and their - Habitat change | and Nourishment restored or nourished
- Sec. 7013 a(3)B(iv) sustainability to | ecosystem functions. and loss Marsh Re_storation
- Sec. 7013 a(3)B(v)(1) | Ine greatest. a. Increase the year round spatial - Invasive and Nourishment, | 5 Number of Net Acres
degree possible. | o erage of cypress swamp habitat in species ghorellpe at the end of the period
the Central Wetlands by at least 9,500 - Increasing FrOt?]Ct'OF’ of analysis
2. Restore acres by 2065. susceptibility of r:eS V,Va er
habitat in the : tal Diversion,
Lake B b. Increase the year round spatial coasial
aKe ;)rgne 4 | coverage of fresh/intermediate marsh in | communities to Ridae Restorat
;C:Zﬁaesm an the Central Wetlands, Golden Triangle, storm surge S,IA\\geRe:tSo l?ar’?olgn,
MRGO, and South Lake Borgne by at ’
affected by the least 6,800 acres by 2065 Oyster Reef
MRGO ’ - Restoration, Buy-
navigation c. Increase the year round spatial outs, Vegetative
channel. coverage of brackish marsh in Bayou Plantings, Invasive
Terre aux Boeufs, the Biloxi Marsh, and Species control,
the East Orleans Landbridge by Herbivory control,
approximately 18,100 acres by 2065. Barrier Island
Restoration.
3. Restore )
d. Increase the year round spatial
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Table 2-8. Goals, Objectives, Metrics, and Measures

WRDA 2007 Goal(s) Objective Problem Management Metric
Authority Measures
natural features | coverage of vegetated wetlands in areas
of the adjacent to the channel lost to increased
ecosystem that | tides and salinity by at least 3,900 acres
will reduce or by 2065.
prevent damage e. Increase the year round spatial
from storm coverage of ridge habitat along Bayou La
surge. Loutre by 2065.
- Sec. 7013 a(3)B(i) 3. Restore 3. Increase the year round spatial Marsh Restoration | In critical landscape
- Sec. 7013 a(3)B(ii) natural features | coverage of critical landscape features and Nourishment, areas and forested
- Sec. 7013 a(3)B(iv) of the that provid_e hgrricane and storm_ damage Shorelipe _ habitat:
- Sec. 7013 a(3)B(v)(1) ecosystem that | risk reduction in the study area (i.e. areas Protection, Ridge 1. Number of AAHUs in
: will reduce or located in the Biloxi Marshes, the East Restoration, critical areas
prevent damage | Orleans Landbridge, and forested Freshwater 2 Number of Critical
from storm habitats). Diversion, Oys_ter Acres restored or
surge. \R;:g(fa tF:lﬁ\s/Loratlon, nourished
Plantings, Invasive 3. _Number of Net
Species control, Critical Agres at the en_d
Herbivory control of the period of analysis
ry ,
- Sec. 7013 a(3)B(i) 2. Restore 4. Increase awareness and - Land loss Recreation and 1. Number of
habitat in the understanding of the significance of - Habitat change | education restoration features
Lake Borgne resources in the study area through and loss enhancements to including recreation
ecosystem and | increased recreational and educational - Modification of | €cosystem components.
the areas opportunities. natural restoration features.
affected by the hydrology
rlzﬂalflicggtion - Increasing
susceptibility of
channel.

coastal
communities to
storm surge
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Objective 1 — Salinity Targets

The first objective is to Restore historic salinity conditions in the study area to re-establish and
maintain historic habitat types; optimize ecosystem services; and decrease stress to vegetation
as measured by the monthly salinity targets in the Biloxi Marsh (as identified by Chatry et al.
1983) each month of the year, for at least four years out of every ten year period.

The Salinity Working Group for the MRGO Ecosystem Restoration Plan confirmed the validity of
the salinity targets presented in the Mississippi and Louisiana Estuarine Areas Freshwater
Diversion from Lake Pontchartrain Basin to Mississippi Sound Feasibility Study (also referred to
as the Bonnet Carré study) for ecosystem restoration (USACE 1984). The salinity targets are
based on mean monthly averages and are graphically presented in Figure 2-22 and Table 2-9.

The salinity targets were originally developed and adopted by an ad hoc group consisting of
representatives from USACE, LDWF, NMFS, St. Bernard Parish, LDNR and the Mississippi
Bureau of Marine Resources for the 1984 report to enhance fish and wildlife resources in the
Pontchartrain basin and re-establish a desirable salinity regime in the historic oyster reefs on
the seaward fringe of the Biloxi Marsh (USACE 1984). The group determined that salinity should
mimic historical conditions when the Mississippi River over-flowed its banks in the early part of
the year. The targets were developed using ten years of data (1971-1981) from Louisiana‘s
most productive oyster seed grounds. Oysters are an important commercial species but are also
the best indicator species to determine the optimum salinity range for the Louisiana commercial
fishery (LPBF 2006b). Oysters directly contribute to the larger ecosystem by filtering water and
providing reef surface for other organisms. The Salinity Working Group noted that a target line
and frequency need to be established in order to design a freshwater diversion, but that
adaptive management should also be a component of freshwater reintroduction plans.
Therefore, the metric for achieving this study objective is whether salinity falls within the optimal
range each month, at least forty percent of the time, as described in Chatry et al. 1983. The
Chatry targets are a way to measure the restoration of historic salinity regimes.

Table 2-9. Monthly Salinity Targets at the Chatry Line

Month Mean Optimal ~ Standard Deviation
Salinity
January 16.4 1.04
February 14.4 0.79
March 11.6 1.02
April 8.0 1.27
May 7.0 0.92
June 125 0.80
July 12.7 0.57
August 15.7 0.80
September 17.0 1.06
October 16.8 0.87
November 16.1 0.82
December 15.7 0.52
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Figure 2-22. Salinity Target Line Identified by Chatry et al. 1983

Objective 2 — Habitat Targets

The target acres for each habitat type were developed using the direct and indirect habitat
impacts of the construction and operation of the MRGO between 1956 and 2008 as described in
Section 1.4. The numbers of acres presented in these objectives are considered the minimum
restoration targets to address the study authority (Table 2-10).

Table 2-10. Habitat Targets

Habitat Type Indirect Loss Indirect Gain Net Target
Fresh / Intermediate -3,400 -6,800 6,800
Brackish -19,200 11,400 -18,100 18,100
Saline 19,200 +15,000 0
Cypress -8,000 -9,500 9,500
Shallows 4,800* 0+~ 0
Additional** -3,400 -3,900 3,900

Total -34,000 -23,300 38,300

*Shallow water increases are difficult to quantify. Increases of this habitat type offset losses, and

net gain is likely due to marsh loss.

**Additional marsh includes areas adjacent to the channel lost due to increased salinity and tides.

Although the impacts of the MRGO to the habitat of the Bayou La Loutre Ridge are not
quantified, the channel made a 500 foot cut through the ridge, destroying upland habitat and a
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natural salinity barrier. To address this effect of the construction of the MRGO channel, the
study evaluated measures to improve and increase ridge habitat.

The MRGO was dredged at an existing tidal inlet between Grand Gossier and Breton Islands,
and may have interrupted sediment transport to Breton Island. To address this potential effect of
the construction of the MRGO channel, the study evaluated measures to improve and increase
barrier island habitat.

Objective 3 — Critical Landscape Features for Storm Damage Risk Reduction

Features that have been identified as critical landscape features for providing hurricane and
storm damage risk reduction in the study area include:

o The Biloxi Marsh, the East Orleans Landbridge and the Lake Maurepas Landbridge.
o Forested habitats within the Lake Borgne ecosystem.

All of these geographic locations were affected by increased salinity attributable to the MRGO,
although it is noted in the planning assumptions for this study that the restoration of the Lake
Maurepas area would be achieved through authorized LCA and CWPPRA projects. Portions of
the channel were excavated through the Biloxi Marsh, and habitats in this area were affected by
erosion along the channel and increased salinity due to saltwater intrusion from the channel.
The affects of the MRGO channel on the East Orleans Landbridge are related to saltwater
intrusion. Tate et al. 2002 notes that pre- and post-channel water quality monitoring and
analysis indicate that salinity in the vicinity of Chef Menteur Pass increased by 2.3 ppt.
Therefore, restoration in these areas is connected to portions of the study authority related to
the restoration of habitats affected by the MRGO and areas that will reduce or prevent damage
from storm surge.

The connection between these features and storm surge is based on the geographic structure
of the estuary. The Biloxi Marsh separates Lake Borgne from the Chandeleur Sound and the
Gulf of Mexico. If the Biloxi Marsh did not exist, Lake Borgne would merge with Chandeleur
Sound, and the -speed bump” the marsh creates for storm surge would be removed. Similarly, if
the East Orleans Landbridge disappeared, Lakes Pontchartrain and Borgne would merge to
form one large lake and there would be no natural barrier to storm surge between these two
bodies of water. The affect would be compounded if both landscape features were to disappear.

These landscape features are technically recognized as significant in terms of scarcity and
connectivity. The continuing disappearance of wetland barriers in the study area is well
documented (Morgan and Larrimore 1957, Penland and Boyd 1981, Day and Templet 1989,
Kesel, 1989, Gagliano 1998, USACE 2004, LPBF, 2006a, Lopez 2006, USGS 2007). Burkett et
al. 2002 describes the importance of these areas and forested habitat as a barrier contributing
to the reduction of flooding levels in the Greater New Orleans area. Restoration of the Biloxi
Marsh and the East Orleans Landbridge is identified as measures that can —potentially reduce
the loss of life and property due to flooding” (Burkett et al. 2002).

A sensitivity analysis was performed for the LACPR Technical Report to assess the impact of
barrier island and marsh features on storm surge and wave energy. Hydrodynamic modeling
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evaluated future scenarios for degraded and restored coastal conditions. The model was
adjusted to account for changes to bathymetry and frictional resistance associated with the
presence or absence of various landscape features.

The findings of the LACPR analysis indicate that the effect of coastal features on storm surge
and wave energy depends on a variety of factors, including the physical characteristics of the
storm, coastal geomorphic setting, and the track of a storm when it makes landfall. The
complex, dynamic nature of the interaction of various factors precludes the application of
constant attenuation rates, i.e. it cannot be stated that a given acreage of marsh will produce a
given amount of surge reduction.

While the models show benefits from additional marsh, island, and landbridge habitat in some
areas, the effects of allowing existing features to degrade in these areas are even more
pronounced (USACE 2009). Therefore, the MRGO Ecosystem Restoration Plan will address the
storm damage risk reduction objective by evaluating alternatives to sustain the integrity of the
study area, particularly areas identified as critical landscape features. The Maurepas
Landbridge, the Pontchartrain Landbridge (East Orleans Landbridge), and the Biloxi Marshes
were identified in the LACPR Technical Report as critical landscape features having significant
effects on surge, based on model results. Forested habitats were also considered to have
different frictional coefficients in the LACPR hydrodynamic modeling, and therefore some
benefit with regard to hurricane storm damage risk reduction.

Figure 2-23. Critical Landscape Features for Storm Surge Damage Risk Reduction
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The Multiple Lines of Defense strategy incorporates coastal ecosystem restoration as a first
line of defense” in comprehensive hurricane storm damage risk reduction plans (Lopez 2006). In
the Multiple Lines of Defense strategy, natural landscape features complement engineered
structures, such as levees, to decrease hurricane storm damage risk. However, hurricane storm
damage risk reduction systems cannot rely significantly on coastal landscape features because
of the vulnerability of these features to single storm events.

The MRGO Ecosystem Restoration study did not undertake an analysis to assign monetary
benefits in terms of storm damage risk reduction to restoration features. The monetary benefits
of coastal landscape features with respect to storm damage risk reduction are difficult to
empirically quantify due to the complex interaction of dynamic variables. However, the general
effect of coastal marshes on storm surge is well documented (USGS 1994, Walmsley et al.
2009, Howes et al. 2010, Shepard et al. 2011)

The extent to which plans achieve the storm surge damage objective was measured by
comparing the extent of restoration proposed for identified critical landscape features.
Restoration of forested habitat was also considered in the evaluation of this objective.

Figure 2-24. Multiple Lines of Defense Strategy (Source: Lopez 2006)

EO 11990 recognizes the impact of wetlands to flood and storm hazards, demonstrating the
institutional significance of these areas. The East Orleans Landbridge and Biloxi Marsh are also
significant in terms of the function of the estuary, because they act as geomorphic barriers to
saltwater intrusion from the Gulf of Mexico. The significance of these resources is recognized by the
Estuary Protection Act.

The Biloxi Marsh and East Orleans Landbridge are critical landscape features that contribute to the
maintenance of significant resources and storm surge reduction. Therefore, restoration in these
areas was considered to contribute to the achievement of both the habitat and storm surge risk
reduction objectives.

Objective 4 — Increase awareness and understanding of the significance of resources in the
study area through increased recreational and educational opportunities.

The landscape and habitat impacts of the construction and operation of the MRGO since 1956 have
changed recreational opportunities in the study area. This objective was developed to increase
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opportunities for citizens to enjoy and understand the significance of the resources this study seeks
to restore.

Louisiana is known as -Sportsman's Paradise” as a tribute to the wildlife and the hunting, trapping
and fishing resources of the state. This nickname demonstrates the public significance of the
recreational value of the study area‘s unique natural resources. The five species of fish most landed
in recreation fishing activities in Louisiana are red drum, black drum, speckled sea trout, Atlantic
croaker, and sand sea trout (Pattillo et al. 1997). These species rely on transitional habitat between
estuarine and marine environments for nursery, foraging, spawning, and other life requirements that
would be restored and protected through the implementation of this plan.

Involving the public in the restoration activities and increasing awareness of the problems and
opportunities in the study area could contribute to the acceptability and overall success of the plan.
Providing the public with increased opportunities to interact with the ecosystem and learn about
environmental principles, processes and native habitat in general could create a sense of public
ownership in the restoration plan. Citizens that are more aware of the impacts of human activities to
the natural environment would be more likely to support actions that restore, protect, and sustain
these significant resources.

2.6 IDENTIFICATION AND SCREENING OF MANAGEMENT
MEASURES

Several hundred conceptual features were initially considered. These features came from previous
plans and reports, as well as the public scoping process. The following provides a list of conceptual
features initially considered for inclusion in this study.

Levees, Floodgates, and other Risk ¢ Raise Mississippi River Levees.

Reduction Features e Construct new river floodgate at Bohemia.

¢ Construct five floodgates at Seabrook, the e Sector gates at Seabrook, GIWW, MRGO
GIWW, MRGO near Bayou Bienvenue, and leaky levee at MRGO to GIWW gates.

Bayou Dupre, and MRGO near Verret ¢ Raise and armor existing MRGO levees.

¢ New levee connecting the five floodgates on
the GIWW and MRGO to levees on the SW
shore of MRGO to +17 feet

¢ Raise levee that is parallel to the SW
shoreline of MRGO to +17.5 feet and other

¢ A new levee on the eastern shore of MRGO
or barriers across Lake Borgne.

¢ Storm breakwaters from Golden Triangle to
Bayou St. Malo.

levees in St. Bernard Parish to +20 feet. * Alevee from approximately Verret to the
GIWW protecting the land in the Golden
¢ Construct new levee at +17.5 feet Triangle
connecting the levees in St. Bernard Parish to '
levees on the Mississippi River. * No gate constructed across the
MRGO/GIWW at Paris Road.

¢ Continue construction of 40 Arpent Levee
through Verret.
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Freshwater Diversion

e Freshwater diversion at or near Violet

¢ Introduction of freshwater into the system
at the existing Violet Canal

o Bayou Bienvenue Diversion

e Bayou Laloutre Diversion

o Bayou Terre aux Boeufs Diversion
e American/California Bay Diversion
e Bohemia Mississippi River Reintroduction
o Diversion N. of Fort St. Phillip

e Fort Jackson Sediment Diversion
e Grand Bay Diversion

¢ Bayou Lamoque Diversion

e White Ditch Diversion

¢ Benney's Bay Diversion

e Adaptive Management through
Maintenance of Existing Crevasses and
Construction of New Crevasses

e Diversion at Hope Canal
e Diversion at Blind River or Convent/Blind
e Caernarvon Diversion Modification

e Bonnet Carré Freshwater / Sediment
Introduction or Opportunistic use of
Bonnet Carre Spillway

e La Branche Diversion
¢ Violet Spillway

o Effluent from Waste Water Treatment
Plant

Hydrologic Modification and Restoration

e Fil MRGO

e Fill Hopedale

e Fill Florissant

e Fill Back Dike Canal

¢ |dentify sustainable methods to benefit
Bayou St. John water quality

e South Slough Hydrologic Restoration

e Lock Replacement

e Total closure of Alabama Bayou at MRGO
e Remove Old Grand Prairie Levee.

¢ Dredge and maintain Baptiste Collette
Bayou.

e Construct new channel from Baptiste
Collette Bayou to Gulfport Ship Channel

¢ Do not construct closures at Rigolets and
Chef Pass

e Constriction of Bayou Dupre at Lake
Borgne

e Asill at Seabrook
e \Water control structures on MRGO
e Biloxi Marsh water control structures

e Channel severance or constriction on
MRGO in four or more additional locations

e Allow natural infill of the south reach of
MRGO channel

e Sediment Delivery by Pipeline at Central
Wetlands

e Sediment Pipeline at Golden Triangle
e Bayou La Loutre Water Control Features
e Create Channel (Bayou Restoration)

e Constrict opening between Lake Borgne
and MRGO

e MRGOsill
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Marsh Restoration

Biloxi Marsh marsh restoration

Restoration and maintenance of the
narrow land between Lake Borgne
and the MRGO

Ensure that the MRGO remains
isolated from Lake Borgne

Central Wetlands marsh restoration
Golden Triangle marsh restoration
Lake Borgne marsh restoration

New Orleans East Landbridge marsh
restoration

Breton Landbridge marsh restoration
South Lake Borgne marsh restoration
Caernarvon area marsh restoration
Grand Bay Marsh Restoration

La Branche Wetlands Marsh
Restoration

Fort St. Phillip Marsh Restoration
St. Tammany Marsh Restoration
Jefferson Parish fringe marsh buffer

Small Marsh Restoration at Outfall
Canals

Bayou Terre aux Boeufs Marsh
Restoration

North Lake Lery Marsh Restoration
Marsh Restoration South of Lake Lery

Swamp Restoration

Central Wetlands cypress
restoration

Florissant cypress restoration

Hopedale cypress restoration

Shoreline Protection

New bank line stabilization on the entire
shore of Lake Borgne

Breakwaters in Lake Borgne
Breakwaters to protect Chandeleur Islands.

Armor eroding shorelines on the north bank
of MRGO and on Lake Borgne.

Armor MRGO banks to stop erosion.

Armor both sides of the La Loutre Ridge
bank

Shoreline protection in the Biloxi Marsh

Biloxi Marsh northeastern outlying islands
bank armament

Jetties in the offshore segments of the
channel in Breton and Chandeleur Sounds

Foreshore protection segments along the
portion of the Chalmette Loop Levee
fronting the MRGO

Foreshore protection in various locations
on the north bank of the channel fronting
wetlands areas

Shore protection from Golden Triangle to
Bayou St. Malo.

Restoration/rehabilitation of bank lines
along MRGO

La Branche Wetlands shoreline protection
Sink Ships for Breakwater/Oyster Reef
Lake Maurepas shoreline protection

St. Tammany shoreline protection

Lake Lery shoreline protection

Ridge Restoration

Restore La Loutre Ridge to +8 feet
Rebuild La Loutre Landbridge

2-85

June 2012



Mississippi River Gulf Outlet Ecosystem Restoration Plan
Final Feasibility Report 2: Plan Formulation

¢ Restore Bayou La Loutre Ridge east of the SAV Restoration

MRGO to Christmas Camp Lake
_ _ e SAV restoration in the study area
e Bayou Terre aux Boeuf ridge restoration

Oyster Reef Restoration
Vegetative Planting y

Oyst f restoration in the Biloxi Marsh
o Plant MRGO spoil banks with trees ¢ Mysterreetresioration in the Bloxi ars

e Plant trees in front of levees Recreation Features
Barrier Island Restoration e USACE provide a boat launch immediately
south of the proposed closure structure on
¢ Restore Breton and Chandeleur Island the right descending bank of the MRGO
Chain

¢ Bienvenue Triangle recreation feature

¢ Biloxi Marsh northeastern outlying islands ¢ Violet Diversion recreation feature

marsh restoration .
e Shell Beach monument recreation

. improvements
e Cat Island restoration P

e Bayou St. John recreation improvemen

2.6.1 Initial Formulation and Screening Process
The following section provides a summary of the initial formulation and screening of measures.

Step 1 —Proposed measures that did not serve the primary purpose of ecosystem restoration
(e.g., levees, floodwalls) were eliminated as not in compliance with the goals and objectives of
the study. Recreation features were deferred for development in conjunction with the selected
plan.

Step 2 — Conceptual measures were defined spatially and input into a Geographic Information
System (GIS) database. In some cases, several specific proposed marsh, swamp, or ridge
restoration measures in the same area were combined into one larger measure, while other
larger, more conceptual measures were segmented into smaller geographic components.

Step 3 — Once measures were geographically defined, they were screened based on their
spatial effects by determining if they met one of two of the following criteria: 1) the measure
addressed restoration of the Lake Borgne Ecosystem, 2) the measure addressed a MRGO
ecosystem effect. Measures that did not meet one of these two criteria were eliminated from
further consideration.

Step 4 — The remaining measures were then screened based on additional criteria specific to
the type of measure as described in the following sections. During this portion of the screening
process, measures were only compared to like measures, for example, marsh restoration
measures were only compared to other marsh restoration measures.

The following sections describe the initial screening by measure type.
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2.6.1.1 Freshwater Diversions Initial Screening

The MRGO study authority calls for considering the diversion of freshwater from the Mississippi
River for restoring the Lake Borgne ecosystem. Delivering river water to the Lake Borgne area
could be achieved at a number of different locations along the east bank of the Mississippi
River. Several alternative locations and sizes for freshwater diversions had been proposed in
previous reports such as LCA and LACPR, which were incorporated into the initial measures to
be evaluated as part of this study. Twenty-two freshwater diversion sites along the east bank of
the Mississippi River between Convent in St. James Parish and Baptiste Collette Bayou in
Plaguemines Parish were evaluated. This set of initial sites for evaluation was developed from
existing reports, public input, and interagency collaboration. If sites had previously specified
sizes, specific multiple sizes at these sites were considered. If previous studies had not
identified discharge rates for a site, consideration of the size of the diversion was deferred.
Freshwater diversion measures were initially screened from further consideration based upon
two criteria. If diversion measures and sites were determined to have an influence area lying
entirely outside the Lake Borgne ecosystem or outside of the areas potentially affected by the
MRGO, they were screened from further evaluation as detailed below.

Ten potential sites on the river's east bank below Caernarvon were identified in the initial
planning phase. It was determined that these areas were outside of the Lake Borgne
ecosystem. Therefore, potential diversion locations on the river below the existing Caernarvon
Diversion were removed from further consideration. This initial screening reduced the original 43
measures to a total of 23 conceptual measures at 12 sites (see Table 12-11).

The location of a freshwater diversion is constrained by existing development, infrastructure,
and river conditions as illustrated in Figure 2-25. A freshwater diversion at Bonnet Carré was the
selected plan in the 1984 Mississippi and Louisiana Estuarine Areas Feasibility Study
Freshwater Diversion to Lake Pontchartrain and Mississippi Sound Feasibility Study (USACE
1984). The State of Louisiana has expressed opposition to a large diversion of freshwater into
Lake Pontchartrain due to water quality concerns. A re-evaluation of this study was performed in
1996, and a Finding of No Significant Impact (FONSI) for an Environmental Assessment
evaluating water quality impacts to Lake Pontchartrain was signed in July 1996. In an official
reply, the State of Louisiana in July 1996, declined to participate further in the project. WRDA
2007 Section 3083 authorizes the achievement of the benefits described in Mississippi and
Louisiana Estuarine Areas Freshwater Diversion to Lake Pontchartrain and Mississippi Sound
Feasibility Study through the design and implementation of a freshwater diversion at or near
Violet, LA. Modification to the Bonnet Carre is still an authorized project and could be
considered as part of that effort. Because it would be inefficient to build a new structure at a
location where an existing structure could be modified to achieve the same benefits, a new
structure at or near the Bonnet Carré Spillway was removed from further consideration,
including a new diversion in the vicinity of the La Branche Wetlands.
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Figure 2-25. Freshwater Diversion Location Constraints

A freshwater diversion could not be located between the La Branche Wetlands and the Inner
Harbor Navigation Canal without impacting existing suburban and urban development in
Orleans and Jefferson Parishes. Developing a plan to locate a diversion in a densely developed
community without open land corridors between the river and estuary would require substantial
relocation of homes, businesses, and public infrastructure. There are no existing open land
corridors between the river and lake in either Jefferson Parish or Orleans Parish. Therefore, no
locations in Jefferson Parish or in Orleans Parish were evaluated.

There are four open land corridors in St. Bernard Parish between the communities of Chalmette
and Poydras where freshwater could be diverted from the Mississippi River for distribution in the
Lake Borgne ecosystem.

South of Poydras, there are opportunities to divert river water in the vicinity of Bayou Terre aux
Boeufs and at the existing Caernarvon Diversion. The Bayou Terre aux Boeufs ridge in St.
Bernard Parish forms a hydrologic barrier that would inhibit the movement of freshwater to the
areas targeted for restoration in the MRGO study. Bayou Terre aux Boeufs flows through the
communities of St. Bernard, Toca, Kenilworth and Verret. A freshwater diversion at this location
was proposed in LACPR to benefit the marshes located between the MRGO and Bayou Terre
aux Boeufs. As noted in LACPR, the construction of a freshwater diversion at this location would
require construction of a leveed conveyance channel approximately 7.16 miles in length to
influence the area between Bayou Terre aux Boeufs and the MRGO. To distribute freshwater to
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this area would require widening and deepening the existing bayou, and adjacent residential,
commercial, and industrial development would be impacted. Additional channels would be
needed outside of the Chalmette Loop Levee to influence the greater Lake Borgne ecosystem.
Because the Mississippi River is farther away from Lake Borgne in this location, it would be less
efficient to distribute freshwater through Bayou Terre aux Boeufs than at a location where the
river is closer to the lake. A freshwater diversion at Bayou Terre aux Boeufs would not provide
freshwater to the Central Wetlands, Golden Triangle, and northern Lake Borgne/MRGO
Landbridge, and therefore would not achieve the goals and objectives of this study. Due to
concerns regarding efficiency, constructability, and potential impacts to development, diversion
alternatives at Bayou Terre aux Boeufs were removed from further consideration.

Two existing LCA Caernarvon Diversion projects were being developed to maximize benefits at
the Caernarvon Diversion, and the area targeted for restoration in the MRGO Ecosystem
Restoration Study would be more efficiently served by a freshwater diversion that would not be
impeded by the Bayou Terre aux Boeufs ridge and the MRGO spoil bank. This assessment
reduced the number of potential diversion sites to four locations in the vicinity of Violet, LA in St.
Bernard Parish.

Restoration of a freshwater system in the Central Wetlands may be needed to restore the
swamp habitat affected by the MRGO, and sustain the restored marsh. To accomplish this
restoration, a freshwater diversion is needed to establish the optimal salinity regime for the
estuary. A river diversion at or near the existing Violet Canal was determined to be the best
location to achieve the goals and objectives of the study. The MRGO was excavated through
the eastern portion of the Central Wetlands and increased salinity in the area through salt water
intrusion. The habitat of the Central Wetlands changed from a cypress swamp and
fresh/intermediate marsh system to an entirely brackish system. Although salinity levels have
decreased in the area due to the closure of the MRGO, a freshwater diversion may be needed
to establish and maintain optimal salinity. In these preliminary analyses, a freshwater diversion
located in the vicinity of Violet, LA was determined to be the most effective way to restore the
Central Wetlands and the salinity regime in the estuary.

Table 2-11. Steps 3 and 4: Freshwater Diversion Measures

Address_e S | Addresses a
Restoration MRGO
Measure Name of Lake Other Criteria
Ecosystem
Borgne
Effect
Ecosystem
American Bay Diversion No No
California Bay Diversion No No
Bohemia Mississippi River Reintroduction No No
Delta Building Diversion N. of Fort St. Phillip No No
Fort Jackson Sediment Diversion No No
Grand Bay Diversion R1 and R2 No No
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Table 2-11. Steps 3 and 4: Freshwater Diversion Measures

Addresses
: Addresses a
Restoration MRGO
Measure Name of Lake Other Criteria
B Ecosystem
orgne
Effect
Ecosystem
Bayou Lamoque Diversion R1, R2, R3, R4, No No
and R5
White Ditch Diversion R3 and R5 No No
Benney's Bay Diversion R3 and R4 No No
Adaptive Management through
Maintenance of Existing Crevasses and No No
Construction of New Crevasses
Freshwater Diversion in the Vicinity of
. Yes Yes
Violet
Diversion at Hope Canal R1, R2, R3, R4, Addressed by LCA authorized
Yes Yes :
and R5 project.
Diversion at Blind River R1, R2, R3, R4, and Addressed by LCA authorized
Yes Yes .
R5 project.
Diversion Convent/Blind River R1, R2, R3, Addressed by LCA authorized
Yes Yes :
R4, and R5 project.
Concerns associated with
Bayou Bienvenue Diversion R1 and R2 Yes Yes constructability and impacts to
existing infrastructure.
Concerns regarding efficiency,
Bayou La Loutre Diversion R1 and R2 Yes Yes constructability, potential |mp_acts to
development, and the potential to
influence the targeted areas.
Target influence area for MRGO
Ecosystem Restoration could be
served more efficiently from another
. . — location due to the hydrologic barriers
ggernarvon Diversion Modification R1 and Maybe Maybe formed by the bayou Terre aux
Boeufs and MRGO spoil banks. Also
addressed in the two authorized
Caernarvon Diversion modification
projects.
Project is already authorized and can
be implemented by Congress;
Bonnet Carre Freshwater / Sediment however WRDA 2.007 Section 3083
; L mandates the achievement of the
Introduction or Opportunistic use of Bonnet Yes Yes S )
Carre Soillwa benefits of this diversion at or near
P y Violet, LA. Modification to the Bonnet
Carre could be considered as part of
that effort.
The benefits of a diversion at this
La Branche Diversion R1 and R2 Yes Yes location could be achieved at Bonnet
Carré for considerably less cost.
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Table 2-11. Steps 3 and 4: Freshwater Diversion Measures

Address_e S | Addresses a
Restoration MRGO
Measure Name of Lake Other Criteria
B Ecosystem
orgne
Effect
Ecosystem
Target influence area for MRGO
Ecosystem Restoration could be
Bayou Terre aux Boeufs Diversion R1 and served more efficiently from another
Yes Yes ; . )
R2 location due to the hydrologic barriers
formed by the bayou Terre aux
Boeufs and MRGO spoil banks.
An uncontrolled diversion was ruled
out because of the need to control
Violet Spillway Yes Yes flows at different furpes of the year in
order to meet salinity targets, support
cypress growth, avoid flooding,
adaptively manage, etc.
Addressed by CIAP project. Flow
Effluent from Waste Water Treatment Plant Yes Yes capability insufficient to meet the

objectives.

Note: Bold text indicates the measure was carried forward for further consideration.

Alternatives that did not include a freshwater diversion were considered in the initial
development of alternatives. These alternatives were ultimately eliminated from further study as
inconsistent with the study goals and objectives and the -Guiding Principles”. A small freshwater
diversion would not mimic periodic overbank flooding of the Mississippi River, a key process of
the estuary that preliminary analyses indicate is needed to re-establish historic salinity
gradients, habitat types, and increase self-sustainability in the system.

The forecast future without project salinity conditions suggest that salinity in the study area
would be reduced by the closures on the MRGO and other authorized projects. However,
additional inputs of freshwater may be necessary to fully restore the historic salinity regime.The
restoration and maintenance of a cypress swamp and fresh/intermediate marsh in the Central
Wetlands may require the introduction of freshwater into this area. Additionally, to restore the
MRGO/Lake Borgne Landbridge to a condition favorable for the propagation of intermediate
marsh species, the area may require further salinity reductions beyond the forecast future

without project conditions.

The -Guiding Principles” reinforce the inclusion of a freshwater diversion for this study. The
freshwater diversion proposed as part of the MRGO Ecosystem Restoration Plan would assist
with realizing the following guiding principles:

e Restore key processes and dynamics in the estuary;

e Enhance the resilience and self-sustainability of the estuary;
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¢ Maximize the combined benefits of freshwater diversions that seek to restore natural
processes with mechanical marsh creation measures; and

¢ Combine measures synergistically to maximize possible cumulative benefits.
2.6.1.2 Hydrologic Restoration Initial Screening Results

Initially, 24 channel/canal backfilling measures were considered. After screening, six of the
original fill measures were carried forward for further study. In addition, those associated with
the distribution of freshwater from diversions were considered to be part of the diversion
measure rather than a stand-alone measure. Some other proposed backfill areas were deemed
impractical because of the cost of installing multiple retaining structures in a relatively small
geographic area. Other canal backfilling features were screened out to maintain vessel access
following the MRGO closure at Bayou La Loutre. The remaining six backfilling features were
located within the footprint of the former navigation channel (see Table 2-12).

Initially, 26 water control measures were considered. After screening, no measures were carried
forward. It was determined that water control measures would be examined in conjunction with
individual marsh/swamp restoration features and freshwater diversions, rather than as stand-
alone measures (see Table 2-12).

Table 2-12. Steps 3 and 4: Hydrologic Restoration Measures

Addresses | Addresses a
Restoration of MRGO

Measure Name Other Criteria
Lake Borgne | Ecosystem
Ecosystem Effect
Florissant Fill and Plant with Trees No No
Hopedale Fill and Plant with Trees No No
Alabama Bayou Closure No No

Identify sustainable methods to benefit
Bayou St. John water quality, habitat

. No No
management, recreational access, and
educational opportunities
South Slough Hydrologic Restoration 1-3 No No
Lock Replacement No No
Multiple Closures in MRGO 1-3 No No
Fill parallel canal to Marsh Elevation No No
(Back Canal Bienvenue t