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Louisiana Coastal Protection and Restoration (LACPR)
Final Technical Report

Cost Estimates

The cost estimates developed to populate the cost metrics and used for the evaluation
and screening of alternative plans were based on available data, including geologic and
LIDAR topography data, rather than specifically collected design data. It is understood
by the planning team, and has been noted in the technical review of the LACPR effort,
that the lack of detailed geotechnical and survey design data represents a critical
uncertainty relative to the final costs of any alternative plan. However, the preliminary
cost estimates are conservative for this reason and provided an adequate basis for the
assessment of plan efficiency and comparison of relative plan performance.

Through review it has also been determined appropriate to further address the cost
estimate uncertainty at this planning stage through the application of cost contingencies.
The estimates used for evaluation and comparison of plans employed a standard
margin of contingency of 25 percent. Through review of estimates and actual costs for
ongoing work related to the post Hurricane Katrina repair and improvement of existing
levee systems, more appropriate cost contingency values have been developed.

The final cost estimates for each of the components and for the coastwide plans are
shown in Tables 16-2 and 16-3. The final cost estimates presented here for the final
array are first costs only and employ a 50 percent cost contingency. Because the
contingency factor applies to all alternative plans uniformly there is no impact on the
comparison of plans presented in this report.

Additionally, a single representative coastal restoration plan in each planning unit was
applied to every alternative considered in the analysis. The cost estimates for these
representative plans have also been updated to address specific concerns regarding
availability of sediment resource for this proposed restoration. The refined costs reflect
the identification of highly certain but conservatively costly sources for each restoration
measure proposed in those plans. Since these representative plans were included as
part of every alternative considered, there is no impact on the comparison of relative
plan performance. The refined cost estimates for the coastal components in Planning
Units 1 and 2 have been incorporated into the costs for the final array presented here to
allow the most reliable representation of the potential present value costs of the final
alternatives and their components. The refined coastal restoration cost estimates for all
of the planning units are contained in the cost attachment to the Engineering Appendix.

A final cost consideration relates to the real time distribution of costs for implementation.
All of the plans presented in the final array of alternatives have implementation
timeframes that extend over multiple years or decades. The need to disburse funds over
these extended timeframes is subject to normal inflation. This value is reflected as a
compound index of 2 to 3 percent per year. The result is that actual funding
requirements for these plans will inflate over their respective period of implementation.
The range of magnitude for inflation of costs for the final alternative is 25 to 75 percent
depending on the plan and its projected implementation schedule. It should also be
noted that the value of potential damages increases at this same rate of inflation. The
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effect of inflation specific to each plan in the final array and its various components is
presented in the cost attachment to the Engineering Appendix.

Table 16-2. Final cost estimates for final array of alternatives.

Planning Unit Alternative Vi) g AR Aol
($Billions) ($Billions) ($Billions)

Coastal 36.2 12.7 23.5

NS-100 41.7 14.6 27.1
. NS-400 56.1 19.6 36.4
NS-1000 68.6 24.0 44.6
LP-a-100-1 44.2 15.5 28.7
C-LP-a-100-1 475 16.6 30.9
NS-400 22.9 8.0 14.9

WBI-100-1 10.8 3.8 71

2 C-WBI-100-1 14.4 5.0 9.4
C-R-100-2 16.2 5.7 10.5

C-G-100-1 213 7.5 13.9

NS-100 6.6 2.3 4.3

NS-400 9.0 3.1 5.8

3a NS-1000 9.8 34 6.4
C-M-100-1 23.0 8.1 15.0

C-M-100-2 21.0 7.4 13.7

NS-400 3.8 1.3 25

NS-1000 4.8 1.7 3.1

3b C-RL-100-1 141 4.9 9.1
C-F-100-1 16.3 5.7 10.6

C-G-100-1 17.2 6.0 11.2

NS-100 1.8 0.6 1.2

NS-400 29 1.0 1.9

4 NS-1000 4.0 1.4 2.6
C-RL-100-1 44 1.5 2.8

C-RL-400-1 5.2 1.8 3.4

C-RL-1000-1 7.2 25 4.7

Notes: Total First Costs for Scenario 1. Total First Costs include engineering and design, facility
relocations, real estate, mitigation, and construction costs. Based on 2007 price levels, 4.875%
Discount Rate. Costs include 50% contingencies.
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Section 17. Collaboration and Coordination

As previously described, the State of Louisiana established the Coastal Protection and
Restoration Authority (CPRA) to develop, implement, and enforce a comprehensive
coastal protection and restoration master plan. For the first time in Louisiana’s history, a
single State authority will integrate coastal restoration and hurricane protection, working
in conjunction with other State agencies, political subdivisions, levee districts, and
Federal agencies, including the USACE, to speak with one clear voice for the future of
Louisiana’s coast. Incorporating input from State, parish, local and Federal interests, as
well as that of non-governmental organizations, Louisiana’s Comprehensive Master
Plan for a Sustainable Coast (State Master Plan) portrays the State’s desires and needs
relative to hurricane risk reduction and coastal restoration. In addition, annual plans
provide the State’s priorities for implementation.

Some components of the State Master Plan lie within the USACE mission. Additional
elements of coastal protection and restoration described in the State Master Plan and
annual plans require actions that are outside of the USACE mission. Therefore, many
other Federal and State agencies must be involved in the implementation of the State
Master Plan to achieve comprehensive hurricane risk reduction and coastal restoration.
This section discusses the roles of local, State, and Federal agencies in implementing
comprehensive plan(s) for coastal restoration and lays out an approach that could be
employed to facilitate collaboration and coordination to move such plan(s) forward.

Louisiana Coastal Protection and Restoration Authority (CPRA)

The CPRA is the single State entity to interface with agencies internal to the State and
Federal governments, including the USACE, to implement the State Master Plan. It is a
role of the CPRA to collaborate and coordinate with groups and agencies in order to
maximize risk reduction, conservation, and coastal restoration efforts. The CPRA will
set the State’s priorities and be the interface between the State and the appropriate
State or Federal agency having the mission capability to fulfill a particular aspect of the
State Master Plan. This collaboration and coordination structure for implementation of
the State Master Plan is shown in Figure 17-1.

The Louisiana’s State Master Plan provided a foundation for the LACPR technical report
and the LACPR effort has been closely coordinated with the Master Plan. The
relationship between the CPRA and the USACE facilitates sharing of the best available
scientific and engineering information and working closely with each program’s partners
and the public. For those components in the State Master Plan compatible with the
USACE mission, the CPRA may collaborate with the USACE for implementation. The
USACE role in implementation of components of the State Master Plan is discussed in
subsequent pages. Continuing cooperation and partnership with the State of Louisiana
is, and should be, an integral part of coastal protection and restoration efforts.
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Figure 17-1. Participants in Louisiana’s State Master Plan.

USACE Role in State Master Plan Implementation

The USACE does not envision the need for a new, broad authority to implement the
alternatives contained in this report or the State Master Plan. To the extent possible, a
comprehensive plan for coastal protection and restoration could be implemented
through coordinated use of existing authorities. In some cases, the authorities will need
to be modified to ensure consistency among similar projects and across the coast.
Additionally, since the success of plan development depends on the ability to compare
like metrics among individual projects, and some existing authorities’ do not afford the
ability to conduct investigations to inform those metrics under normal policy (which in
many cases uses dollars as the only metric), it therefore may be necessary to modify
the authority to allow multi-criteria evaluation similar to LACPR.

Existing Authorities

In general, if authorization exists, the USACE is allowed implementation of a
recommended plan with such modifications as the Chief of Engineers may deem
advisable in the interest of the purposes specified. Procedures for adoption of proposed
project changes differ depending on whether they may be approved by the Chief of
Engineers using such delegated discretionary authority or must be submitted to
Congress for consideration and legislative modification of the existing authorization.
Where proposed changes are significant, they must be documented in a Post
Authorization Change Report submitted to USACE Headquarters coupled with
supplemental environmental documentation to address any changes in impacts,
expansion of the impact area, and consideration of cumulative effects. If it is determined
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after review that the proposed changes are not within delegated authority but are of
sufficient importance to warrant a recommendation for modification of the project
authorization, procedures and further reporting requirements for processing such a
recommendation to the Congress would be selected as best suits that specific case.

Existing hurricane risk reduction authorities within the New Orleans District were
authorized in the mid-1960s with the exception of the West Bank and Vicinity, LA project
that was authorized in WRDA 1986. The basis for the possible use of an existing
authority seems appropriate whenever there are proposed LACPR features such as
levees and/or coastal restoration measures that are common to plan features outlined in
the existing project authority or there is a shared goal under the authority and the
LACPR plans.

A comprehensive review of all existing authorities will be needed to determine the
applicability of each authority to investigating LACPR planning objectives. In view of the
age of many of the authorities, it will be necessary to reexamine the objectives of the
authorities and evaluate how well the supporting designs accomplish those objectives
when analyzed using the latest available engineering technologies and statistical
results. Attachment 2 lists all authorized projects and studies in the LACPR planning
area that potentially share common features and/or risk reduction goals with the final
array of plans.

Potential Nonstructural Program

The gross level analysis of nonstructural plans performed for the LACPR study
demonstrated that nonstructural measures are viable, efficient, and effective. Their
success in reducing risk and their cost effectiveness make the implementation of
nonstructural measures a logical next step toward creating sustainable and resilient
communities across the extent of South Louisiana. Nonstructural measures can be
implemented incrementally, on a house-by-house basis, or programmatically, across
whole neighborhoods or communities. Less time may be required to incrementally
implement nonstructural measures as compared with implementation of large-scale
structural measures since the benefits of nonstructural measures are realized
immediately upon implementation to each structure affected.

Programmatic Implementation - Since nonstructural measures may be a key
component to reducing long-term risks and supporting sustainable development, a
strategy will need to be developed for programmatic implementation of nonstructural
measures. What is needed now is a unifying framework is needed to advance
nonstructural implementation in a systematic and integrated way with a base focused on
project delivery at the individual community level. Programmatic authority for
nonstructural implementation would be needed for this effort.

The nature of nonstructural applications tends to be narrowly and intensely focused on
individual community needs. A programmatic authority would support these specialized
efforts with a continuous process so that efficiencies in response and delivery can be
achieved and many nonstructural projects could be pursued simultaneously.
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Precedence for this approach to nonstructural measures implementation, through
programmatic authority and procedural guidelines, has been established within the
USACE.

Many Federal, State, and local agencies are involved in the Louisiana recovery, the
effects of which have not been adequately assessed for their contribution to risk
reduction. The State now owns thousands of properties by acquisition through the Road
Home Program and the disposition of those properties will affect future flood-risk levels
in the region. The nonstructural program must begin with an assessment of these
ongoing recovery efforts, specifically the Road Home program, to develop a strategy for
integrating risk reduction across other agencies’ mission areas. Because of this,
programmatic resources should be dedicated to creating a continuous process to
establish and maintain close collaboration to clear interagency hurdles; establish
rapport among agencies and stakeholders; and develop working relationships, including
data sharing, across all levels of government.

Demonstration Projects - The nonstructural evaluation identified potential
demonstration projects of specific size and location where nonstructural measures could
be implemented in the near-term. The development of demonstration projects would
require close coordination with local communities, the State, Federal and local
agencies, and supports local desires for risk reduction and economic recovery.
Nonstructural demonstration projects are intended to identify the challenges and
opportunities that exist for future collaboration among the USACE, other agencies, and
local governments in implementing nonstructural measures. Some potential
demonstration projects may be located within the City of New Orleans and St. Bernard
Parish in Planning Unit 1; in Delcambre in Planning Unit 3b; and in Calcasieu Parish in
Planning Unit 4. More details on these demonstration projects can be found in the
Nonstructural Plan Component Appendix.

Role of Others in State Master Plan Implementation

In order to fully implement the State Master Plan’s vision for sustainable coastal
protection and restoration, other Federal, State, and local agencies have to take action.
This section describes the roles of other agencies outside the USACE in hazard
mitigation planning and identifies authorities that other Federal and State agencies
could possibly use to support the State in coastal protection and restoration
implementation. In addition, individuals who live in the floodplain are responsible for
determining how they will build or retrofit their homes or businesses; how to adequately
insure that property; and when and where to evacuate when a hurricane threatens.

Hazard Mitigation Planning

In addition to the structural, nonstructural, and coastal restoration measures already
identified in this report, additional practices and strategies for hazard mitigation have
been identified and should be implemented fully to achieve maximum benefits for
hurricane risk reduction. Four general types of hazard mitigation measures are standard
practice for hazard vulnerability reduction. These general measures include (1)
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providing evacuation and sheltering services, (2) maintaining or enhancing
environmental protective features, (3) making structures more hazard resistant, and (4)
managing development with nonstructural mitigation measures.

These hazard vulnerability reduction measures, applied through successfully proven
principles and practices in coastal communities in the Gulf Coast and Southeast Region
of the United States, can help communities better integrate hazard mitigation within the
natural and built environment through synergistic environmental restoration, land use
planning, structural hardening, and public education. Together, these comprehensive
measures can reduce hazards vulnerability and create a more sustainable Louisiana.

More detailed descriptions of these and other hazard vulnerability reduction measures
and a table displaying supporting information related to potential benefits and existing
authority, institutional capabilities, relative costs, and level of government can be found
in the Hazard Mitigation Planning Appendix.

Other Federal Authorities

Implementation of the State Master Plan will require action from everyone. In addition to
the existing USACE authorities mentioned earlier, other Federal agency missions and
authorities have been identified for possible use in State Master Plan and their use may
be necessary to fully develop the State's restoration and protection strategy. Attachment
3 lists these authorities and their possible relationship to the State Master Plan.
Utilization of these authorities would be subject to execution by the agency as
requested by the State.

Implementation Principles

The USACE has established a set of basic principles for implementation of projects and
programs, which include management strategies for ensuring plans are implemented in
a manner consistent with goals and objectives of coastal protection and restoration
efforts. The following four principles guide implementation:

Ensure Consistency between Programs

Incorporate Adaptive Management Processes
Maintain Comprehensive System Focus

Integrate Ongoing and Future Projects and Programs

Ensuring Consistency between Programs

A need exists for assurance that USACE'’s civil works projects and regulatory decisions
are integrated and consistent with restoration and hurricane risk reduction efforts in
Louisiana. In this context, “consistent” means that the wetland benefits from Federal
and State coastal restoration activities would not be undercut or otherwise diminished
by adverse wetland impacts associated with civil works projects (such as navigation and
hurricane damage risk reduction projects) and development activities within the purview
of the USACE’s regulatory program and that ecosystem restoration projects support civil
works and hurricane risk reduction activities.
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The CWPPRA framers recognized the importance of such consistency and, therefore,
included the following provision in the statute:

Consistency — (1) In implementing, maintaining, modifying, or rehabilitating
navigation, flood control or irrigation projects, other than emergency
actions, under other authorities, the Secretary [of the Army], in consultation
with the Director [of the U.S. Fish and Wildlife Service] and the
Administrator [of the Environmental Protection Agency], shall ensure that
such actions are consistent with the purposes of the restoration plan
submitted pursuant to this section [Section 3952(d)(1)].

To promote such consistency, the USACE recommended a series of action items in the
Louisiana Coastal Area (LCA) Ecosystem Restoration Study (USACE, 2004). The
proposed action items cover navigation, regulated development, hurricane damage risk
reduction projects, and other USACE projects.

Additionally, WRDA 2007 includes provisions which could help address the need for
consistency between coastal restoration and other civil works projects. For example,
Section 7005 calls for the review of Federal water resources projects in coastal
Louisiana to determine whether such projects need to be modified to take into account
coastal restoration efforts in the LCA plan.

The LACPR effort and Louisiana’s Master Plan represent significant progress towards
consistency. For the first time, hurricane damage risk reduction measures are being
planned in conjunction with coastal restoration measures. However, simply integrating
the planning processes for hurricane damage risk reduction and coastal restoration
does not guarantee that features such as levees would be consistent with coastal
restoration. In some cases, tradeoffs may be made at the expense of either restoration
or protection.

Incorporating Adaptive Management Processes

Potential changes in social, political, economic, engineering, and environmental
conditions point to the need for an Adaptive Management Framework to guide program
and project management. Adaptive management can be used to resolve ecosystem,
engineering, policy, socio-economic issues and interactions, and other processes by
reducing uncertainties and improving understanding in these areas and their
interrelationships. Incorporation of adaptive management will allow the program/projects
to move forward even if data is incomplete or if there is uncertainty with scientific
understanding. A solid adaptive management strategy may be crucial for ensuring that
the program remains true to its basic objectives while also integrating valuable new
information and allowing necessary shifts in priorities. Adaptive management activities
can be incorporated into several aspects of the USACE 6-step planning process. For
example, during plan formulation, stakeholders are engaged, goals and objectives are
established, uncertainties are identified and prioritized, conceptual models are created,
and hypotheses and performance measures are identified; during design and
construction, stakeholder engagement continues and monitoring takes place; and
during operations, there is program/project assessment, feedback, implementation and
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refinement. A more detailed discussion on adaptive management processes can be
found in the Adaptive Management Appendix.

Incorporation of adaptive management principles across all components of the coastal
protection and restoration plans will maximize learning to address key uncertainties and
disagreements, facilitate consensus building approaches to improve plan design, and
help facilitate learning that will support both current and future decision-making.
Principles include but are not limited to 1) the anticipation of possible future
uncertainties and contingencies during project/program planning; 2) using a scientific,
inquiry-based approach to address the most critical structural, operational, and scientific
questions; 3) incorporation of robustness into project/program design; 4) using feedback
loops that iteratively feed new information into the decision making process for planning
implementation, assessment of project/program components; and emphasizing an
open, inclusive and integrative process for design and implementation of
projects/programs; 6) emphasis on collaboration and conflict resolution in order to
reconcile competing objectives; and 7) acknowledgement of the full arrangement of
interests and values by stakeholders.

Additionally, a comprehensive systems approach that employs adaptive management
would ensure collaborative engagement among stakeholders for program management,
project design, construction, and operation and maintenance while promoting updates
to account for changes in future conditions.

Clearly focused and quantitative goals and objectives are essential to adaptive
management. They should be logically linked to management actions, action agencies,
indicators/metrics, monitoring activities, and ecosystem or risk reduction services.
LACPR goals and objectives were identified at the beginning of the planning process.
These goals and objectives would be critical elements of the LACPR adaptive
management process. They address stakeholder interests, where possible, in order to
ensure stakeholder involvement and clearly link the problems to opportunities and
solutions.

Additionally, because of the long timeframes over which any comprehensive plan for
coastal protection and restoration measures would be implemented, it can be expected
that goals and objectives may change over a period of years, resulting in the need to
adopt measures that would match the changed conditions. Dramatic changes to the
economic base, population centers, and the physical shape of the coast within the life of
the comprehensive effort are possible due to rapidly changing conditions or from a
single hurricane event; therefore, the USACE and its partners should be prepared to
institute significant changes in specific measures and in the overall plan during
implementation. New information may also become available over time, e.g., improved
estimates of sea level rise. For these reasons, a strategy founded on the principles of
adaptive management would be essential to successful execution of a comprehensive
plan, both now and in the future.
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Recognize and Reduce Uncertainties - In order to successfully implement protection
and restoration efforts, technical evaluation must build upon the best available science
and engineering knowledge. Although previous research efforts have contributed to a
strong understanding of the human and natural processes affecting the Louisiana
coastal area ecosystems, scientific, technical, social, and economic uncertainties
remain. Developing a strategy to attempt to reduce the risk arising from these
uncertainties is necessary.

Numerous types of uncertainties should be addressed to support and improve coastal
protection and restoration efforts. Each uncertainty requires a different resolution
strategy based on the effects of the uncertainty on the program, degree of uncertainty,
cost of addressing the uncertainty, and the importance of reducing the uncertainty.
Different strategies for resolving uncertainties may include focused research projects,
monitoring existing projects, refinement or re-evaluation of existing data, or
demonstration projects. Uncertainties may be related to the science, engineering,
modeling, socio-economic impacts, human response, implementation, technical
methodology, resource constraints, cost, or effectiveness of restoration and protection
measures. Uncertainties may also be related to development and refinement of
forecasting tools. An uncertainty is considered critical if its resolution is vital to
advancing the planning and implementation of a comprehensive plan in the near term.
For example, the uncertainty associated with redevelopment of specific areas in coastal
Louisiana may lead to changes in coastal protection and restoration plans as the level
of uncertainty is reduced. Another example of uncertainty which could significantly affect
the plans would be the impacts from future hurricanes or other natural processes, such
as sea level rise. As a result of decreasing uncertainties, it is likely that plans will
change over time.

An explicit adaptive management strategy can address these uncertainties to better
achieve system objectives. Adaptive management recognizes that knowledge about
these future conditions is uncertain. The aim of such a strategy is to find a way to
achieve the objective as quickly as possible while avoiding inadvertent mistakes that
could lead to unsatisfactory results. Additionally, investigations to further reduce the
scientific and technical uncertainties and to enhance the likelihood that restoration and
protection projects would successfully meet project goals is necessary during plan
implementation.

Specific studies would be needed to provide additional detailed design of any specific
components within this technical report. These studies could potentially include
additional or revised ecosystem targets, flood impacts, ecological effects, and data
collection. Also, new technologies would likely emerge during the implementation
process, offering the possibility of improving the plan outputs while reducing costs. The
implementation process must allow flexibility to consider and include new technologies
as they emerge.
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Demonstration Projects as an Adaptive Management Tool - Demonstration projects
can be important components of adaptive management as they link back to science and
management and provide an opportunity for learning and feedback for improved
decision making. Demonstration projects may be used to resolve critical areas of
scientific or technical uncertainty or fill in data gaps in order to advance coastal
restoration and hurricane risk reduction projects, such as new technologies for building
levees, floodwalls, or armoring. Both full-scale restoration opportunities and large-scale
studies may depend upon results from demonstration projects to advance planning and
analysis of alternatives. In order to be responsive to program needs, demonstration
projects should be implemented as soon as possible and have the ability to provide
meaningful results in a relatively short timeframe in order to provide information in time
to feed the design and planning process to achieve the short-term and long-term project
objectives and goals.

Maintaining a Comprehensive System Focus

Developing a comprehensive and integrated system for coastal protection and
restoration requires a process, as well as a product. A system can be defined as a
group of structures, policies, plans, and practices that interact in an organized fashion to
serve a common purpose. A system is created when all the components, taken
together, form a functional unit. Building a system requires that components behave or
perform in complementary ways, producing cumulative outputs to achieve a stated
purpose. All components must enhance the overall performance of the system and are
formulated with the system in mind; scaling and timing must complement or increase
overall system outputs. Components are defined by their expected interactions and
dependencies. The outputs of one component are the inputs of another. The system’s
success depends on the reliable performance of each of its components.

Systems rarely function in isolation; therefore, evaluation of each protection and
restoration project would cover each individual function and appraise its contribution to
the comprehensive system performance. An integrated system fits seamlessly into a
larger context or framework without detracting from or degrading the larger context.

For example, wetlands creation may protect against more frequent, less severe storms
or support the integrity of other storm protection features during more severe events.
However, the created wetlands should also contribute ecosystem outputs in order to be
of value across purposes. The same is true for navigable flood gates. Gate operation
should not impede navigation except during storm events when protection takes priority.
When a hurricane and storm damage reduction system functions across multiple
purposes, this constitutes a form of horizontal integration. At times, project purposes
would compete for priority. Knowing the tradeoffs necessary to meet multiple purposes
is necessary for horizontal integration.

Vertical system integration occurs when it complements other activities, plans, or
programs within the USACE, other Federal agencies, or State and local agencies and
authorities. A comprehensive system would encompass other efforts for protection,
restoration, reconstruction, and recovery. Achieving vertical integration requires an
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understanding of the purposes and perspectives of other agencies and how those
agencies interact so that decisions can be made regarding this interrelationship.

Achieving compatibility with other Federal, State, and local agencies’ goals might
require acknowledgement of tradeoffs or setting of priorities. In order to accomplish
multiple goals, a method of risk reduction might be uniformly applied throughout the
area, knowing that some areas of high population concentration would be treated
similarly to areas that have been decimated by Hurricane Katrina. Alternately, decisions
could be made to stage construction so that maximum benefits are obtained first with
additional projects to follow that support recovery. Integration of the flood and storm risk
reduction system requires that all parties involved understand the strategy for system
completion so that projects can be coordinated and expectations managed.

The components of a system may be quite diverse but all must contribute to a common
purpose. Providing risk reduction from floods and storms can take many forms and
different governing authorities and entities participating at different levels. Federal,
State, and local agencies, along with private interests, would need to take responsibility
for all actions and construction of physical features designed for the safety of the
community.

Interior laterals, canals, and pumps are used for drainage when rainfall occurs and are
maintained and operated by local community authorities. Riverbank levees channel
Mississippi River floods through the city; floodwalls, levees, flood gates, and closures
hold back storm surge. These structures are built commonly by the USACE and are
maintained locally by the non-Federal sponsor. The National Flood Insurance Program,
as provided by FEMA and enforced by local communities, provides insurance coverage
to policyholders in the event of flooding. Local communities and State agencies provide
temporary evacuation and shelter from storm or flood events. Local residents take
precautions and measures to reduce their susceptibility to floods.

Building and assuring a comprehensive risk reduction system involves using all these
components as necessary to address the system’s purpose at all levels of government,
including local interests. No single entity has authority to implement all these projects
and activities. However, before a system can be fully integrated, a means should be
devised whereby individual agency and community contributions to the comprehensive
system can be evaluated and decisions made with regard to how the components
complement the overall plan.

Integrating Ongoing and Future Projects and Programs

The comprehensive nature of the plans proposed by LACPR and the State Master Plan
requires understanding the impacts of these proposals to insure consistency across
project purposes and stakeholder needs. Numerous existing and proposed Federal
projects address flood control, navigation, hurricane and storm damage risk reduction,
and coastal restoration. Further, the State of Louisiana, other Federal agencies, and
local governments have projects that impact the coastal landscape. All of these projects
have various purposes, authorities, sources of funds, and construction schedules. This
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presents a major challenge to the integration of plans into a cohesive coastal protection
and restoration vision.

Communication and Management Strategy

Hard work lies ahead in terms of significantly reducing risk to populated areas in
Louisiana and restoring the Louisiana coastal areas. A well-coordinated strategy, based
on the USACE’s Actions for Change, which recognizes the need for a comprehensive
systems approach to coastal protection and restoration, risk-informed decision making,
communication of risk to the public, and technical and professional expertise, would
facilitate success and ensure that all coastal protection and restoration projects in the
State of Louisiana are fully coordinated with each other.

The magnitude of the effort necessary for implementation requires well-informed
decision making. In order to be well informed, effective communication regarding the
transfer of ideas, collaboration on on-going work and investigations, and leveraging of
capabilities of all involved is necessary. Many related features must be integrated with
each other, as well as with the components of numerous ongoing Federal, State, and
local efforts. The need for an intense, innovative, transparent decision-making process
is essential to achieve the goals and objectives within a reasonable timeframe. While
agency decisions are made in collaboration with the sponsor (State of Louisiana), that
decision maker is, as is the case of the USACE, the government, who is best served by
having all the necessary information at hand at the time of the decision. For that reason,
an implementation strategy requires a structure and staff that affords ready transfer of
information to the decision maker in a format that allows for the decision. In addition,
implementation of each component or group of components within a project would need
to be linked to the overall system plan in order to meet the goals on schedule.

Current Communication Channels

Traditionally, the Federal process for review and approval of civil works projects by the
USACE has involved a number of Federal agencies, a chain of command, and a
significant coordination between the Executive and Legislative Branches at a number of
levels. Likewise, there are processes for review and approval of projects within
Louisiana State Government. Additionally, local government entities and special interest
groups have great stakes in coastal restoration and hurricane risk reduction and would
argue to have their interests acknowledged and addressed.

Between these groups exists a number of communication channels (Figure 17-2).
These traditional interactions, coupled with the complexity and expected duration of
coastal restoration and protection in Louisiana, add to the challenge of successful
communications to support decision making. Considering the changing coast and other
dynamic factors, a strong need to institute a new process has become evident.

A number of primary and secondary communication channels exist within the traditional
project implementation process. Working within this framework would become
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increasingly challenging as multiple coastal protection and restoration projects are
implemented over multiple years.
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Figure 17-2. Typical communication channels between groups.

New Communication and Collaboration Framework

Although not meant to replace any group’s existing authorities or relieve any group’s
responsibilities, some of the traditional communication channels would be greatly
improved by virtue of better communication between participants in implementation
through a new program management structure that is more effective in implementing
coastal protection and restoration projects (Figure 17-3). A memorandum of agreement
between the State and Federal Governments may be needed to adopt this new
process. This approach would advantageously formalize involvement from local
governments, stakeholders, technical staff groups, and the project delivery teams.
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Good decision making and guidance are best served with the most up-to-date
information at the time of the decision. Included in the proposed communication
structure is the concept of adaptive management. At the program level, the key to
successful implementation is a framework for adaptive management (Figure 17-3). This
framework promotes effective communication between stakeholders, project teams, the
Science and Technology program, the Adaptive Planning and Management Team,
Federal and State Governments, and Program Management. At this level, adaptive
management is achieved by the incorporation of new information and technology into
new and existing projects as it becomes available and by the assimilation of lessons
learned as new projects are developed. In addition to the State and USACE teams and
other Federal and State agencies, the Executive Team may seek input from other
resources.

Adaptive Management Framework

Adaptive Management incorporates an active collaborative process for the purpose of
creating informed and contributing stakeholders, and for bridging gaps in
communication and understanding amongst stakeholders, the scientific community, and
Program Management who is responsible for implementation of LACPR. Integration of
adaptive management processes and principles into the implementation a restoration
and storm risk reduction program can be beneficial to decision makers, project teams,
scientists/technical experts, and stakeholders in the following ways:

1. Improved probability of project/program success- Adaptive management reduces
the uncertainties associated with project implementation and improves the
probability of project success by addressing the risks posed by these
uncertainties. With improved knowledge, decision-makers are able to take
appropriate management actions to increase success.

2. A precautionary approach to act in the face of uncertainty — Adaptive
management allows program/project managers to proceed with precautionary
measures in the face of many uncertainties, understanding that as more
information is obtained concerning ecosystem functionality and project
performance, more specificity can be incorporated into engineering design and
development of operational scenarios. Adaptive management provides flexibility
that allows managers to respond to changing environmental conditions and
improved decision-making.

3. Long-term collaboration between implementing agencies and stakeholders-
Adaptive management brings together agency staff, decision-makers, and
stakeholders, and encourages collaboration through the development and
strengthening of institutional ties (Ringold et al., 1996).

4. Forum for dialogue between scientists and managers- Adaptive management
provides an opportunity for scientists to provide restoration managers and
decision-makers with interpretation of monitoring results and assessments so
that new knowledge can be incorporated into the decision-making process.

5. Encouragement of robust alternatives with performance-based versatility- The
concept of robustness is important to implement an adaptive management
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strategy and can be defined as developing a design which can operate effectively
given the variability and uncertainty of future events. The use of robust
alternatives addresses the dilemma of making rational decisions today when
current conditions are unknown and future conditions are uncertain. Incorporating
this flexibility into one or more project or program plan alternatives would help
managers evaluate alternatives that reduce the risk of not meeting restoration
goals and objectives compared to non-adaptive management alternatives that
include higher risk. A robust management action would produce acceptable
outcomes over many different combinations of system behavior and future
conditions (Peters and Marmorek, 2001).

These benefits are the reasons why adaptive management is an advantageous
approach for ecosystem and storm risk reduction projects/programs that are faced with
large uncertainties concerning their chance of success. Adaptive management may not
need to be applied to all components of LACPR, but in cases where uncertainties are
prohibiting progress, adaptive management may be the best way to implement the
program/project.

Executive Team and Integration Team - A key element of the suggested
communication and collaboration framework is centered on an Executive Team. The
proposed Executive Team would be comprised of two representatives from the State
and two from the USACE, one being the USACE Mississippi Valley Division
Commander who would also be the Program Manager. The Executive Team would be
responsible for the program’s routine guidance and direction on day-to-day
management, through delegated authority at the programmatic level. Issues that fall
outside of the prosecution of authorized implementation would be vetted upward
through State and Federal Governments to the appropriate decision making authorities.
The two governments would define the Team’s specific duties, which are expected to
include prioritizing and scheduling work, planning and executing the budget, reviewing
projects for consistency, directing and assigning resources, directing project reviews,
and recommending projects for approval to higher authority.

The Executive Team would coordinate all appropriate input to formulate and transmit
formal recommendations for project implementations and other recommended actions
to their respective governments in an effective and efficient manner that would improve
the overall implementation process. They would be responsible for monitoring and
insuring effective implementation of a comprehensive systems approach, and reviewing
project and planning activities for consistency.

In addition to traditional program management, the Executive Team may direct the
application of a multi-criteria decision support tool to ensure the inclusion of
stakeholder, technical, and political views in the weighting of alternative plan
evaluations. This tool would aid the collaborative-adaptive management process and
risk informed decision making process for long-term implementation.
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As stated previously, the Executive Team’s guidance and direction is only as good as
the information provided to them. In order to facilitate the flow of information in an
appropriate format, the Executive Team would be supported by the Integration Team,
which would be staffed by mid-level State and agency personnel and supported by
other staff and contract resources as necessary. In the proposed strategy, the
Integration Team is the “working unit” of this new management structure, consolidating
and funneling information from the Project Delivery Teams, Local Governments, Federal
Agencies, Special Interest Groups, Technical Staff Groups, the Adaptive Planning and
Management (AP&M) Program and the Science and Technology (S&T) Program to the
Executive Team. In addition, the Integration Team would use results from a multi-criteria
decision support tool to make recommendations to the Executive Team.

The Integration Team would act on and take direction from the Executive Team. They
would be the center coordination point for communication, issue management, technical
staff interactions, program/project management, stakeholder interactions, and other
critical implementation activities required by the Executive Team and the program
management process. The Integration Team would identify, organize, and process all
issues and other aspects of day-to-day implementation. They would manage the
Executive Team’s routine agenda and prepare “decision packets” for the Executive
Team that includes alternative and recommended courses of action.

By applying adaptive management, the Executive Team would aggressively resolve
engineering, scientific, policy, and other issues (reduce uncertainties/answer
unanswered questions) that prevent progress toward implementation, then direct the
Integration Team to identify, collect, and manage the flow of issues and their resolution.
Additionally, the Integration Team would identify issues and pertinent information
collected from the stakeholders, agency staff, and academia and would maintain an
inventory of issues and their status of resolution.

The Executive Team would meet on a regular basis to process issues, take actions,
give direction to the Integration Team, and prepare recommendations for consideration
and approval by the two government entities. For many issues, a management or
“executive” decision by the Executive Team would bring resolution without further
action. When the Executive Team requires more information for decision-making, or to
send an issue or recommendation upward in the Executive Team’s State and Federal
authority chains, the Executive Team, through the Integration Team, would direct the
appropriate team to investigate the issue further and return it to the Executive Team via
the Integration Team later for final resolution. This further investigation would often
involve scientific, engineering, monitoring and assessment, research, or other
investigations. The Executive Team would direct resources to execute these directives.
As the Integration Team resolves issues, they would be responsible for posting the
resolutions in an issue-inventory database to ensure that all concerned parties know
which issues are resolved and thereby eliminate the recycling of previously resolved
issues.
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Federal Advisory Panel — An advisory panel may sometimes be appointed by the
Secretary of the Army or other Administrative direction to provide independent guidance
for the implementation of coastal protection and restoration projects. A panel typically
consists of representatives of the following: the State Governor; the Department of
Agriculture; the Department of Transportation, the United States Geological Survey; the
United States Fish and Wildlife Service; the Environmental Protection Agency; the
Federal Emergency Management Agency; landowners; conservation and environmental
advocacy groups; and agriculture and industry advocacy groups. The Secretary of the
Army or his representative would be the chairperson of an advisory panel for USACE-
led projects and programs. Advisory panels will be required to adhere to the
requirements established by the Federal Advisory Committee Act.

The role of an advisory panel is to help seek innovative solutions to complex problems
and to provide guidance for the implementation. An advisory panel promotes
communication and collaboration between agencies at all agency levels and
stakeholders. In addition, it helps to focus priorities and achieve objectives common
across agencies. Since coastal restoration and protection in Louisiana is a major effort,
it is expected that advisory panels may be used. The management structure (Figure 17-
3) reflects that possibility. Advisory panels would report to the Chair. Those
recommendations, issues, or concerns presented to the Chair that are deemed
actionable by the Assistant Secretary of the Army (Civil Works) would be directed
downward through the USACE chain to the delegated program manager, assumed to
be the Commander of the USACE Mississippi Valley Division.

Adaptive Planning and Management Team (AP&M) - Considering implementation of
coastal restoration and protection will take many decades and thereby be subject to
changing populations, investments, coastal dynamics, and priorities, it is advisable that
adaptive planning be included. The AP&M Team could provide essential support in
meeting goals and objectives through the application of a system-wide perspective to
planning and implementation. The team should consist of a multi-agency staff from the
appropriate disciplines, including engineering, planning, science, economics, sociology,
modeling, and resource management. The AP&M Team should work closely with the
Project Delivery Teams, S&T office, as well as the Integration Team in order to fully
implement the proposed implementation strategy.

An AP&M Team would be primarily responsible for developing recommendations,
refinements, and improvements throughout implementation. This team would make sure
the right questions are being addressed in a structured format and that the process for
answering them and disseminating the information is collaborative and transparent. In
addition, an AP&M Team could provide guidance and support for project level adaptive
management and would verify integration of the AP&M Team with appropriate planning
activities at the USACE and with the State of Louisiana.

In addition, an AP&M Team could provide a structure to ensure that decisions are

implemented based upon best available science, technology, and socio-economic data,
and that a process is in place to acquire and incorporate new or better information as it
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becomes available. The AP&M team would work with project teams to set up adaptive
management plans, make recommendations for improving project plans, and adjust
implemented actions based on new or improved information, to increase the probability
of achieving goals and objectives. Such a process requires the development of key
adaptive management components, such as sound baseline data and monitoring,
models, data management, and continued research. An AP&M Team could work closely
with project teams to define these needs and with the S&T Program to develop the
necessary tools or tasks.

Science and Technology Program (S&T) - Although the body of data and knowledge
for coastal Louisiana has advanced sufficiently, to provide a sound basis for
implementation of restoration and hurricane risk reduction projects, certain aspects
require increased analyses, monitoring, modeling, and research and experimentation to
decrease uncertainties, especially in the area of predicting ecosystem and socio-
economic response to the restoration and hurricane risk reduction projects.

An S&T Program was established under LCA by the USACE and the non-Federal
sponsor to effectively address coastal ecosystem restoration needs, and to provide a
strategy and process to facilitate integration of science and technology into the decision
making process (USACE, 2004). This S&T program can be utilized to ensure that the
best available science and technology are integrated into planning, design, construction,
and operation of coastal protection and restoration projects.

To be most effective, the LCA S&T Program would be modified to not only provide the
necessary environmental and engineering science, but also include social and
economic science and analyses, to completely and effectively address both coastal
restoration and hurricane risk reduction needs. The program would provide analytical
tools and recommend to the Project Teams the appropriate modeling, monitoring,
research, and/or experimentation to ensure that current issues of uncertainty can be
addressed. In addition, they would be responsible for implementation of a regional
monitoring and assessment plan, including the collection of baseline and project
performance data. The S&T Program would conduct data mining, identifying data gaps,
and collect new data where needed as directed by the Project Delivery, AP&M, and
Integration Teams. They would also be responsible for setting up a system-wide
database to house and manage all scientific data for coastal Louisiana and include a
systematic approach for coordination with other ongoing and planned related research
and monitoring activities and to make sure sufficient information is obtained to address
critical questions. In order to achieve these tasks, additional appropriations, and
possibly an additional authorization, would be required.

The S&T Program would execute programs under broad tasks directed by a Program
Manager in collaboration with the Executive Team to include Decision Support,
Assessment, Modeling and Evaluation, and Data Management. In addition, the S&T
Program would assist in the implementation of demonstration projects designed to
resolve critical areas of scientific or technical uncertainty and to advance coastal
restoration plans by improving the planning, design and implementation of full-scale
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restoration and hurricane risk reduction projects. In general, the S&T Office coordinates,
administers, and reports on science activities conducted as part of coastal restoration
planning and implementation efforts in order to provide the Integration and Executive
Teams, and project managers and other execution teams the best available science
and technology support to plan, construct, and operate sound coastal restoration and
hurricane risk reduction projects.

It may also be necessary to broaden the mission of the LCA S&T Office. Currently the
LCA S&T Office is tasked with the evaluation of ecosystem uncertainties. In order to
participate fully in broader risk reduction efforts, other missions, such as uncertainties
associated with nonstructural and structural projects, may need to be added.
Modification to the authority granted under WRDA 2007 may be appropriate to meet
these needs.

Science Board - In order to provide national perspective of general scientific processes
and structure of an Adaptive Planning and Management (AP&M) Program and the
Science and Technology (S&T) Program, a Science Board is essential to ensure the
application of world-class science and adaptive management principles. A Science
Board was established under LCA for a similar purpose, and as discussed for the LCA
S&T Office it, with appropriate modifications to legislation, may be utilized for risk
reduction projects.

The LCA Science Board consist of a multidisciplinary group of National Academy of
Science-level academics (convened on a contract basis), in addition to a representative
of the USACE (Federal lead agency), a representative of the State of Louisiana (Non-
Federal lead), and a representative of appropriate additional Federal agencies. Each
member of the Science Board would have appropriate scientific credentials in an
appropriate field of science or engineering and have experience in the science and
technology issues surrounding coastal protection and restoration. As a result,
membership of the existing LCA Science Board may need to be broadened to include
the appropriate membership. The role of the Science Board would be to periodically
review the AP&M Program as it relates to adaptive management practices and
principles, and S&T Program as it relates to use of science and technology. The
Science Board would prepare reports providing recommendations and advice to
Program Manager and the S&T and AP&M Programs. The purpose of these reviews
and reports is to provide an independent assessment of the programs. The S&T and
AP&M programs would maintain regular communication with the Science Board
between formal review sessions.

The Science Board would review and recommend ways to improve the processes for
integrating the S&T Program and AP&M Program activities with the coastal protection
and restoration program. The Science Board would report to the Program Manager and
the S&T and AP&M Programs regarding the effectiveness of the programs and provide
recommendations for improvement of the process. Additionally, the Science Board
would provide reviews of how effectively the Program is incorporating the output of the
Programs and the recommendations of the Science Board into the overall coastal
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protection and restoration program, and recommendations for improvement of the
process.

As a group, the Science Board would maintain an understanding of the coastal
protection and restoration program's goals, objectives, and actions and the state of the
applicable science. The Science Board would help identify gaps in scientific information
and tools used to incorporate science and adaptive management into the coastal
restoration program, and recommend tools, processes, and methodologies from a
review of current research to reduce uncertainties and improve ongoing coastal
restoration efforts. In addition, the Science Board would recommend, if needed, new
initiatives, innovative restoration tools, and methodologies for dealing with other
challenging research and development issues. The Science Board would work closely
with the S&T Program and Integration Team to review recommended changes that are
needed in the applied science strategies of the restoration program.

The USACE Mississippi Valley Division Commander would share with the Executive
Team the findings of the Science Board for consideration in directing teams. This
information may also help guide the actions of other participants in the implementation
of the State Master Plan by virtue of the collaboration and communication structure.

Stakeholder Involvement - Stakeholder engagement and the use of a collaborative
approach to problem solving are critical components to ensure the success of coastal
protection and restoration projects. Because of the size and complexity of risk reduction
projects, it is important that stakeholders are not just involved, but actively engaged in
problem-solving at the program and project levels. Engaging stakeholders in project
planning, design, implementation, and evaluation has many benefits including: (1)
building better understanding among stakeholders; (2) promoting relationships and trust
as well as establishing lines of communication; (3) providing an opportunity for
cooperative learning (i.e., issues that may be confusing, unclear, or unknown at the
initiation of the project); (4) providing a mechanism to identify and address key issues
and concerns; (5) creating networks for “honest dissemination” of new understanding as
the project/program unfolds; (6) enabling development of creative solutions that address
the unique mix of stakeholder interests; and (7) increasing the likelihood of
program/project success (USACE, 2007). The LACPR team recognizes that all
organizations, entities, and individuals have interests and is committed to addressing
these interests proactively within the context of the project/program in order to reduce
the likelihood of delay and help remove any obstacles.

Federal Agency Participation - There are multiple levels of participating agencies in
Louisiana coastal protection and restoration. The Federal Principals Group, Regional
Work Group, and Habitat Evaluation Team were established to facilitate communication
and the input of agency guidance into this technical report. The Federal Principals
Group has oversight of the Regional Work Group, and the Regional Work Group has
oversight of agency members on the Habitat Evaluation Team. These groups are
advisory in nature and they would not have management responsibility for projects, but
would participate in technical assessments, planning, and would provide inputs into
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decision making. The participation of the Federal agencies in these capacities does not
in any way limit the prerogatives of the participating agencies in exercising their
statutory authorities and responsibilities. In addition, it is envisioned that Federal
agencies will be represented on the AP&M Program and individual Project Delivery
Teams.

Project Delivery Teams - To plan and implement its large number of individual
projects, the USACE utilizes multiple Project Delivery Teams, which are interdisciplinary
teams of staff professionals from the USACE and sponsoring and cooperating agencies,
each led by a USACE Project Manager. Each individual project would have a Project
Delivery Team that includes the disciplines and represents the functions of planning,
engineering, construction, operations, and real estate that would provide the needed
expertise for that specific project. The team conducts planning studies, perform project
designs, and oversee the building of projects by construction contractors. Numerous
technical groups are available for support on program and project planning, and for
engineering design. The basis for recommendation for action is derived from reports of
the Project Delivery Team through the Program Manager. These reports, coupled with
information obtained through the implementation of the communication process
described above, afford the Program Manager to make fully informed decisions and
recommendations through the USACE chain.
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Section 18. Other Plans and Studies Related to LACPR

The following section provides a brief description of some other plans and studies that
have relevance to coastal protection and restoration in southern Louisiana. The first
effort described is the Dutch Perspective report prepared by several Dutch
organizations at the request of the LACPR team. Following the description of the Dutch
Perspective are summaries of plans provided by two different stakeholder groups—the
Multiple Lines of Defense Strategy report prepared by a group of non-governmental
scientists and an Inner Levee Plan for the East Bank of New Orleans proposed by an
advocacy group that represents a number of New Orleans businesses and civic
organizations. Finally, several ongoing and future studies being conducted by the
USACE related to coastal protection and restoration are described—an ecosystem
restoration plan for the Mississippi River Gulf Outlet area; development of a regional
sediment management budget for coastal Louisiana; and maximizing river resources
using large-scale diversions.

The Dutch Perspective

Following Hurricane Katrina, the Dutch Rijkswaterstaat, part of the Dutch Ministry of
Transportation and Water Management, offered its engineering expertise to the
USACE. Although the challenges faced in the Netherlands are not identical to those
faced in South Louisiana, their thousand years of experience in protecting their land
from inundation can provide valuable lessons in planning and designing an improved
hurricane risk reduction system for South Louisiana. Under a Memorandum of
Agreement between the Dutch Rijkswaterstaat and the USACE, a number of technical
exchange workshops and technical report reviews have been held to assist in the
LACPR effort.

As part of the LACPR effort, the Dutch Rijkswaterstaat and Netherlands Water
Partnership, a Dutch consortium of government agencies, researchers, and consultants,
produced a report titled A Dutch Perspective on Coastal Louisiana: Flood Risk
Reduction and Landscape Stabilization (Dijkman et. al., 2007). The purpose of the
Dutch Perspective report was to obtain an independent view of risk reduction and
restoration issues for the Louisiana coastal area from the Dutch based on their
experience in dealing with similar issues in The Netherlands. Their report was prepared
in parallel with the LACPR Technical Report and was not intended to provide
information directly into the technical analysis at this stage; however, after reviewing the
Dutch report, the team has concluded that the strategies, alternatives, and issues in the
Dutch Perspective report are not that different than those in the LACPR Technical
Report. This consistency provides assurance that LACPR plan formulation is sound and
has considered appropriate measures to address hurricane surge risk reduction in the
New Orleans metropolitan area. The Dutch report will be a continuing reference
document for the USACE. The continuing cooperation and exchange with the Dutch is,
and should continue to be, an integral part of coastal protection and restoration
planning.
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Dutch Perspective Alternatives and Preferred Strategy

The Dutch report only addresses Planning Units 1 and 2. In Planning Unit 1, the Dutch
team looked at similar alternatives to LACPR, i.e. barrier-weir (“closed coast”) vs. high
level (“open coast”). Although the Dutch report presents a preferred strategy, the Dutch
team did not come to a firm conclusion as to which plan would be recommended
because of the limitations of their hydraulic and benefits analysis. In Planning Unit 2, the
Dutch team again looked at an open vs. closed coast which corresponds to the LACPR
ridge vs. barrier-weir strategies. The Dutch recommended the open coast strategy
which corresponds to the LACPR ridge plan.

The Dutch team’s preferred strategy, ‘Protected City and Closed Soft Coast,’” (Figure
18-1) combines various elements of five different strategies that the Dutch team
considered. This strategy is modeled after the flood risk reduction approach
implemented in the Netherlands after the 1953 flood disaster; however, the Dutch have
learned that ‘shortening’ the coast using hardened structures such as barriers which
disrupt the natural hydrology can have major adverse environmental impacts. Based on
these lessons learned, the ‘closed soft coast’ concept implies a maximum shortening of
the coast for active flood reduction while creating a sustainable ecosystem and
landscape that supports coastal protection.

Different strategies were chosen for the Pontchartrain and Barataria basins. The
Pontchartrain Basin would have gated structures in the Rigolets and Chef Menteur
passes, which would be closed under the threat of a major storm surge. The Barataria
Basin would remain an open estuary with wetland stabilization being the primary
measure for hurricane surge reduction. Improving the culvert system under US 90 and
other barriers in this estuary are proposed to allow more natural water flows in the
estuary.
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The following measures are included in the Dutch preferred strategy:

e Levees around the metropolitan area of New Orleans would consist of three
levee rings including storm surge barriers in the various navigation and drainage
canals. Ring 1 would surround the central part of the City with a 5000-year or
higher risk reduction levee. Rings 2 and 3 would surround the eastern and
southern parts of the City, with a 1000-year or higher risk reduction levee.

e Salt marsh stabilization includes restoring 750 square miles in the
Pontchartrain basin and 600 square miles of marsh restoration in the Barataria
Basin. As these measures are planned to take as long as 50 years, no immediate
effect on surge or wave reduction was considered when determining levee
heights around New Orleans. Once in place, however, the marsh system could
help reduce future costs of levee and barrier upgrades.

e Freshwater marsh (cypress swamp) revitalization and creation are proposed
in a wide zone (between 1 and 6 miles wide) immediately around the levee rings
in the New Orleans area totaling about 140 square miles. This measure could
afford some surge reduction and, in particular, reduction in wave loads on the
levees.

e Converting part of Lake Borgne into a freshwater marshland could reduce
surge on the eastern part of the City. This measure would require separating
Lake Borgne from the Gulf by a ridge levee, partly filling in the lake and providing
freshwater sufficient to establish a fresh water swamp in the lake.
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Dutch Perspective Recommendations on Pilot Projects and Priority Studies

The Dutch team’s preferred strategy is a mix of measures that are based on proven
technology but also on innovative concepts. Even proven technology, suited for the
typical Dutch environment and engineering technology, will need validation when
applied to the environment and characteristics of the Louisiana coast. Proven
technology can also be improved upon, which is especially relevant when costly large-
scale applications are anticipated as in the case of LACPR. The success of any strategy
in achieving sufficient marsh creation and long-term, large-scale landscape stabilization
depends on the successful implementation of innovative cost-effective solutions.
Therefore, the Dutch team suggested that several pilot projects and priority studies be
implemented as a means to validate engineering solutions, reduce uncertainties, and fill
in knowledge gaps. The following pilot projects and/or priority studies recommended by
the Dutch are examples of the types of projects that could be investigated by a science
and technology program as described in the Adaptive Management Appendix:

Levee construction and stability pilot projects

e Overtopping erosion tests on existing levees. The Dutch team suggests
performing field tests on existing levees in order to get a good understanding of
the actual strength of the levees and to provide ideas on ways to further improve
the strength. Recently, a new device, the wave overtopping simulator, was
designed and constructed in the Netherlands and field tests were performed on
an existing levee.

e Ridge-levee concept. A new type of gradual slope, ridge-like levee covered with
vegetation has been proposed by the Dutch team for reducing storm surges. In
order to explore the uncertainties associated with construction methods;
management and maintenance requirements; soil characteristics; long-term
stability; and the development of vegetation, a pilot study is needed in which a
section (for example, a mile in length) is actually constructed.

Marsh stabilization pilot projects

e Canal infilling. The Dutch team proposes a pilot project to develop efficient
techniques to fill or plug man-made canals in the wetlands. The number of canals
involved, and the scale of the area, suggests a thorough rethinking of the existing
techniques for plugging or filling canals.

¢ Increasing the effect of freshwater discharge. This pilot project aims at
optimizing marsh growth and increasing the mixing zone with saline waters.
Areas would be semi-enclosed by low ridge-levees to enhance the flooding effect
and residence time of the diverted freshwater.

e Lake segmentation and land formation. In this pilot project, artificial low ridge-
levees, islands, and suitably placed oyster reefs would be utilized to divide lakes
into segments. This segmentation would reduce energy levels but maintain the
required flow.
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Marsh creation pilot projects

e Accelerated natural freshwater marsh creation. This pilot would aim to find
the optimal mix of water discharge, sediment availability, and flooding cycle to
attain fastest accretion rates. The size of a suitable pilot area is estimated at
between 20 to 200 acres.

¢ Natural salt or brackish water marsh development. This pilot project is similar
to the previous pilot project but would have a salt or brackish environmental
instead of a freshwater system. For this pilot, daily water level variations should
be allowed according to local tides.

e Accelerated saltwater marsh development. A pilot is proposed to study the
applicability of the traditional Dutch method of salt marsh creation, which has
been applied in that country for hundreds of years, to the Louisiana coastal area.
The experiment could start with the creation of five to ten parallel low-crested
wooden structures to start salt marsh formation along a one-mile stretch of
coastline.

Priority studies

¢ Risk assessment. The risk assessment carried out in the Dutch perspective
report resulted in a tentative and first order economic optimization of the flood
risk reduction level for New Orleans. The Dutch team recommends improving this
analysis through a joint effort by U.S. and Dutch specialists.

o Effects of vegetation on surges and waves. The effect of vegetation on water
levels and waves remains difficult to estimate. This effect, however, has a direct
impact on the hydraulic design parameters for infrastructure, and hence the costs
and reliability of that infrastructure. Therefore, the Dutch team highly
recommends that priority studies be undertaken to address the effect of different
types of wetlands on surge, wave, and wind reduction.

The Lake Borgne area was selected by the Dutch team as a primary site for execution
of the pilot studies because of its sensitivity to storm surge and its short distance to the
City of New Orleans.

Multiple Lines of Defense Strategy Assessment

The multiple lines of defense strategy is based on reducing risk from hurricane surge
using both engineered features, such as levees, and by the natural coastal wetland
buffer along the Louisiana coast. The Multiple Lines of Defense Assessment Team, a
group of non-governmental coastal scientists and engineers dedicated to the continued
development and application of the Multiple Lines of Defense Strategy, has released a
draft report titted Comprehensive Recommendations Supporting the Use of the Multiple
Lines of Defense Strategy to Sustain Coastal Louisiana. The Multiple Lines of Defense
report is available online at www.mlods.org.
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Inner Levee or Compartment Plan

The Flood Protection Alliance (formerly of the Bring New Orleans Back committee) has
proposed an inner levee or compartment plan for the East Bank of Greater New
Orleans. The proposed containment system would inhibit flood waters from flowing
unencumbered across portions of the city. The plan includes connecting natural ridges,
drainage canal levees and elevated railway right of ways; gating sewer pipes; repairing
roadways at parish lines; constructing a moveable gate at Bayou St. John; and
retrofitting underpasses. An analogy used by the Flood Protection Alliance is that the
inner levee plan would change New Orleans from a “bowl” to a “muffin pan.”

In the Netherlands, similar compartment plans are also being investigated. The Dutch
firm Royal Haskoning, Inc. has performed an independent study of the effectiveness of
the New Orleans compartment plan for flood risk reduction. Their preliminary cost-
benefit analysis for an event similar to Hurricane Katrina reveals that the compartment
plan has potential economic benefits.

Mississippi River Gulf Outlet Ecosystem Restoration Plan

In response to a Congressional directive, the USACE began a study in 2006 to de-
authorize deep-draft navigation on the portion of the Mississippi River Gulf Outlet
(MRGO) between the Gulf Intracoastal Waterway and the Gulf of Mexico. In January
2008, the Chief of Engineers finalized a report recommending construction of a rock
closure structure near Bayou La Loutre in Hopedale, Louisiana. In June 2008, the
Assistant Secretary of the Army for Civil Works transmitted the Report of the Chief of
Engineers to Congress officially closing the channel and ending 45 years of shipping on
the MRGO. Congress had earlier approved the de-authorization report and authorized
closure of the channel through the Water Resources Development Act of 2007.

As a supplement to the MRGO closure plan, the USACE is embarking on a feasibility
study which will result in a comprehensive Ecosystem Restoration Plan to address
areas affected by the MRGO channel. In collaboration with a multi-disciplinary, multi-
agency team, the USACE will identify potential plan features, which may include marsh
creation, shoreline protection, barrier island rebuilding, and freshwater diversions from
the Mississippi River. The plan is being developed under the authority provided in the
Water Resources Development Act of 2007.

As the ecosystem restoration plan is developed and finalized, the USACE will include
the public and stakeholders in the decision-making process. The draft report is expected
to be released to the public in May 2010. Additional information on the MRGO
Ecosystem Restoration Plan Feasibility Study can be found at
http.//mrgo.usace.army.mil/.
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Development of a Regional Sediment Budget for Coastal Louisiana

A regional sediment budget is needed to best manage planned and future projects
along the Louisiana coast. The USACE Engineering Research Development Center is
assisting the New Orleans District in developing a regional sediment budget for the
coastal and riverine regional system in southern Louisiana. Specifically, the rate and
direction of net and gross transport of sediment (separated into sand and finer fractions,
as possible) throughout the coastal zone and within the riverine systems will be defined
and used to develop an Existing Condition Regional Sediment Budget. Existing GIS
databases (from the USACE New Orleans District, Louisiana Department of Natural
Resources, U.S. Geologic Survey, and Louisiana universities) will be adapted to
complete these analyses. A USACE technical report documenting the study will be
published.

Conceptual Sediment Budget

The USACE has already completed a conceptual sediment budget by rapidly assessing
and coalescing existing literature, studies, models, and dredging activities. This effort
identified regions without information, areas with conflicting evidence, confidence with
estimates, and additional data needs so that future data collection and studies can be
focused. This conceptual sediment budget will be utilized to develop the existing budget
and extend it to possible future conditions as described below.

Working Sediment Budget

The working sediment budget will build on the conceptual budget and refine estimates
for those locations with conflicting information, no existing estimates or large
uncertainty, based on more extensive data analysis. Historical bathymetry, shoreline
position, and engineering activities (e.g., beach nourishment, dredging and placement)
will be analyzed in detail. Analyses for the Mississippi and Atchafalaya Rivers will
access ongoing work as well as river stage data, channel geometry, and the review of
existing dredging records. This phase of the study will take a broad regional
perspective, and provide baseline conditions of the lower Mississippi River from Old
River to Head of Passes. Extending the assessment to Old River will allow for the
analysis of the Old River Control Complex (a flow-sediment diversion) that has been in
operation since the 1960s. From these analyses, estimates for net and gross sand and
fine sediment transport rates will be developed. Areas needing further analysis to
define sediment transport pathways and magnitudes will be identified.

Evaluation and Conceptual Modeling of Future Engineering Activities

The regional sediment budget will be further developed to determine how engineering
activities modify the existing sediment transport pathways, magnitudes, flow speed and
direction, wave height and direction, and storm impact (surge, duration, etc.). Example
analyses include: (a) How close can sediment be mined from the nearshore and not
adversely impact the barrier islands or inlet systems? (b) How deep, wide, long can
sediment be borrowed from the bay and estuary system without creating a "sink" for
mainland or barrier island sediment or increasing waves in the bay? (c) Can flood/ebb
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shoals be mined without adversely impacting inlets/adjacent barrier islands? (d) Can
river diversions be used successfully to increase the sediment source to the regional
system? These types of analyses are intended to provide screening-level guidance so
that the USACE can evaluate how various engineering activities will modify the regional
sediment budget.

Maximizing River Resources using Large-Scale Diversions

A primary cause of the significant land loss in coastal Louisiana over the last 80 years is
the reduction of riverine sediment delivery to coastal wetlands and the restriction of
delta building processes. The construction of levees along the Mississippi and
Atchafalaya Rivers has offered effective navigation and flood control benefits but has
dramatically altered the natural hydrology and sediment transport that built the coast
producing massive sediment deficits and wetland loss and reduced natural storm surge
buffering capacity. Sediments traveling down 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 at the Bird’s Foot delta (represented by the blue shading in Figure 18-2).

Figure 18-2. Sediment losses off the Bird’s Foot Delta

WRDA 2007 Section 7002, which directs a comprehensive plan for “protecting,
preserving, and restoring the coastal Louisiana ecosystem,” also directs the USACE to
consider integration of “an investigation and study of the maximum use of the water and
sediment of the Mississippi and Atchafalaya Rivers for coastal restoration purposes

240



Louisiana Coastal Protection and Restoration (LACPR)
Final Technical Report

consistent with flood control and navigation” into the framework for a long-term program.
An effective restoration program that addresses the deterioration of estuaries must
explore strategies for replicating natural riverine processes that can both build new and
maintain existing coastal wetlands. Many recent coastal restoration plans (e.g., the
1998 Coast 2050 report and the LCA Study) document the importance of major
realignment of the lower Mississippi River as essential to addressing coastal
sedimentation issues and comprehensive restoration. Maximizing the use of sediment
from the Mississippi and Atchafalaya Rivers to sustain both the present wetlands and
delta building processes is essential.

The LCA Chief's Report assumed large-scale “restoration concepts” involving the
Mississippi and Atchafalaya Rivers could proceed on a measured pace, with primary
focus on projects specified by Congress as critical in the near-term. However, after
Hurricanes Katrina and Rita and faced with subsidence and accelerated sea level rise,
restoration strategies are considered an urgent and integral element of coastal
protection and restoration.

This LACPR technical report describes alternatives with freshwater diversion features
as a means to maintain the current coastal landscape and ecosystem functions. Most of
those diversions could be classified as large diversions with high flow design capacities
greater than 15,000 cfs with the largest diversion being over 175,000 cfs. It should be
noted that the LACPR team has not determined the cumulative impacts that multiple
diversions may cause on the system. Nor has the team quantified the impacts on
navigation or flood control on the Mississippi River. In addition, technical issues for
freshwater diversions persist, particularly for the larger scale diversions. These issues
include how well the measures may actually perform, how they should be operated, and
the tradeoffs that will be required such as over-freshening of marsh areas and
displacement of associated fisheries and wildlife. These proposed measures would be
expected to evolve over time and be further studied as the USACE looks to improve its
understanding of large-scale diversions.
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Section 19. Summary of Findings

This section discusses key findings from the LACPR effort which have significance to
current and future analyses and risk based decisions. Findings are related to tradeoffs
within a multiple lines of defense strategy; risk informed decision making; the
stakeholder MCDA process; long-term sustainability of the coast; and other key
findings.

Findings on the Multiple Lines of Defense Strategy

A multiple lines of defense strategy has advantages over single strategy approaches.
No single measure or approach for achieving risk reduction will be sufficient for
achieving the multiple risk reduction objectives established for coastal Louisiana. Each
individual measure has weaknesses and tradeoffs. Therefore, an integrated
comprehensive system comprising coastal restoration features, nonstructural measures,
and structural components is the most promising approach for reducing storm surge risk
in South Louisiana.

e The only way to provide adequate personal safety from hurricanes is
through evacuation before the storm. Hurricane risks can never be eliminated
or entirely prevented. Therefore, individuals have a personal responsibility to
evacuate as directed by local officials or sooner.

¢ Individual and community decisions have a primary role in determining
future risks to both life and property. Recognizing hurricane threats and risks
inherent to life in South Louisiana, individuals and communities must decide
where and how to build or rebuild; how to adequately insure that property; and
when to evacuate. State and local governments have a critical role to play in
implementing certain nonstructural measures such as evacuation planning, land
use planning, zoning, and permitting. As emphasized in the State Master Plan, all
residents of coastal Louisiana should buy flood insurance; homeowners can
elevate or retrofit their homes using available hazard mitigation funds; and
citizens must comply with the provisions of the 2007 Louisiana State Uniform
Construction Code, which is designed to ensure that new construction can better
withstand hurricane force winds.

e Some features in the coastal landscape are critical contributors to the long-
term sustainability of a comprehensive risk reduction system for coastal
communities. The coastal landscape, and the restoration and maintenance of
that landscape, are important considerations in a comprehensive system for risk
reduction. Continuing erosion of coastal wetlands reduces the natural buffer
separating coastal communities from the Gulf of Mexico. As coastal wetlands
disappear, these communities will face a choice of building higher and stronger
structural defenses; relocating to areas with lower risks; or continuing to live in
areas under ever-increasing risk. Robust hydro-modeling enabled the analysis of
the performance and contribution of the coastal landscape in limiting storm
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surges. While the effect of the coastal landscape on surge is not a substitute for
structural and nonstructural risk reduction measures, coastal features can
significantly increase the reliability and sustainability of comprehensive risk
reduction systems as well as existing development. Critical features within the
coastal landscape (e.g. wetlands, land bridges, highways, etc.) that have a
measureable influence on surges have been identified across the entire
Louisiana coast.

Structural measures provide the greatest level of risk reduction when
removed from the immediate proximity of development. All structural
measures are capable of providing significant risk reduction with increasing
design levels. However, the technical evaluation has indicated that levee
alignments that allow some distance between the levee and the development
footprint produce greater, and often significant residual protection above the
indicated design level. The evaluation results show that 100-year level structural
alignments that meet this parameter may provide significant risk reduction for the
400-year to 1000-year surge events. Structural alignments which are adjacent to
developed areas (e.g. ring levees) are susceptible to higher consequences once
the design level surge is exceeded. This effect is correlated to the relative
capacity for storing flood water once surge exceeds the design associated with
each plan.

Structural measures are not always the best solution. In densely populated
areas like greater New Orleans, structural features, such as new levees and
floodwalls, may be a needed component of an overall risk reduction strategy.
Such measures, however, may not be the best choice for risk reduction in areas
of more dispersed population where investment in building long levees may be
disproportionately higher than the infrastructure values behind them. Building and
maintaining structural features is a large, long-term investment, and structural
features have significant drawbacks such as environmental impacts, intensive
resource requirements, the potential for being exceeded or possible failure,
inducing development, or other unintended consequences.

Nonstructural measures are a key component for risk reduction. Hurricane
risks can never be eliminated or entirely prevented; however, the relocation or
removal of assets from a flood affected zone, or elevation of assets above the
flood affected zone, can significantly and reliably reduce risks. Buyouts and
relocations provide the most definitive risk reduction. Other nonstructural
measures, such as floodproofing and raising-in-place, reduce risk but do not
eliminate it. Nonstructural measures should be a key component of any
comprehensive plan to reduce storm surge risk; however, as described below,
relocation of all residents out of the floodplain is not a viable option.
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Relocation of all residents out of the coastal floodplain is not a viable
option. People have lived in South Louisiana for over 12,000 years. Coastal
Louisiana will continue to be a population and employment center because many
industries are specifically linked to resources that are located in coastal
Louisiana. Examples include port facilities, oil and gas reserves, navigation
fabrication facilities, and commercial fisheries that are directly linked to the Gulf
of Mexico, the Mississippi River, and other geographic features of coastal
Louisiana. Many employment opportunities will continue to exist in these and
other economic sectors. These opportunities, the associated populations, and
resulting public and private investments are unlikely to be relocated from coastal
Louisiana.

The effectiveness of buyout and raise-in-place nonstructural plans
depends on the level of participation. In comparison to structural and coastal
restoration measures, successful implementation of nonstructural measures
requires a higher degree of direct participation by individuals and other
government agencies besides the USACE. Decision makers must consider the
risk reduction effectiveness for differing levels of participation based on
acceptability of local interests of such actions, which needs to be better defined
through continued coordination/interaction with the public, stakeholders and the
State. For LACPR, nonstructural plans or plan components have been evaluated
based on the total number of affected structures for each design surge level;
however, their actual effectiveness is highly influenced by the ultimate level of
individual participation. In some areas and for some specific plans extremely high
levels of participation (80 to 90 percent) are necessary in order for the projected
risk reduction values to be realized. In other areas, participation rates can be as
low as 40 to 60 percent without impacting the formulation and ranking of
alternatives. Lack of participation could result in unacceptable levels of residual
risk. Therefore, incentives may be needed to improve participation in buyouts
and raise-in-place measures in order to make these types of plans successful.

Findings on Risk-Informed Decision Making

Tradeoffs are critical to risk informed decision making. While the MCDA tool
can provide a clearer appreciation of the performance values across a range of
key performance attributes, certain critical performance criteria should always be
considered independently and compared to allow full understanding of risks and
tradeoffs. Fiscal decision makers must always consider efficiency, effectiveness,
and ultimately costs. Consideration should also be given to environmental
tradeoffs, if not independently through the MCDA methodology.

Consideration of risk reduction for extreme events or a range of events
requires use of non-traditional evaluations of efficiency and effectiveness.
The traditional presentation of annualized costs and benefits understates the
potential impact of large storm surge events by expressing probabilities over a
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short, one year, timeframe. Considering the probability of these larger events
occurring over a longer period (perhaps the period of analysis, i.e. 65 years)
more effectively communicates risk. The individual event probabilities and
relative damage risks would change by an order of magnitude or greater when
considering such a timeframe. Some consideration should be given to whether
the period of analysis or a longer “period of performance” might be appropriate.
The comparison of plan preferences based on both annualized values and period
of analysis values may be useful in alternative screening.

The determination of acceptable levels of risk is part of the ultimate goal of
a risk-informed decision framework. This report provides a range of risk
reduction levels from no additional risk reduction to 1000-year risk reduction but
does not dictate what the ultimate risk reduction level should be. The USACE has
traditionally made the decision of the level of risk reduction based on investment
decisions and the decision criteria has been the benefit-cost ratio based on
annualized benefits and annualized costs which often eliminates consideration of
greater than 100-year risk reduction. The determination of acceptable risk is
contingent on the stakeholders’ understanding of the range of risk and available
options for addressing that risk. Future efforts should pay attention to the concept
of acceptable risk as an aid to risk management decisions through increased and
improved communication of the relative potential risk either with or absent any
alternative actions.

Findings on Stakeholder MCDA Process

MCDA provides value in interfacing with outside interests and
understanding performance preferences. The MCDA tool provides an
excellent means of interfacing with stakeholder and interested parties and
identifying and quantifying their values regarding areas of plan performance. The
tool also provides a working platform to allow these parties to explore their value
beliefs and develop their understanding of how those values translate to plan
preferences and their attendant risks. The collection of stakeholder input,
assessment of their values and preferences, and the communication of those
relationships provides insight to the planning team and decision makers
regarding potential tradeoffs between alternatives and their acceptability.

The development of evaluation data for the metrics selected in an MCDA is
critical. The application of MCDA should begin at the onset of study scoping
and support the development of plan formulation and the plan evaluation.
Although the MCDA performed in the LACPR technical analysis has provided
great insight with regard to stakeholder values and where performance tradeoffs
exist further refinement of metric evaluations would enhance overall confidence
in the final output. Several of the selected metrics in the LACPR analysis were
limited in their evaluation due to the complex nature of the needed analysis
relative to the large number of alternatives and time available. More detailed
methodologies have been investigated for the evaluation of both regional
economic outputs and cultural and sociological impacts. These investigations
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are presented in the appendices of this report to support the development of
future planning efforts. The indirect environmental impact metric has also been
identified for future refinement. Indirect impacts have been assigned to the
alternative plans qualitatively using expert judgment and applying a scale of -8 to
+8. This particular metric value provides a representation of significant potential
ecologic impacts that is one of the most significant areas of tradeoff between
alternative plans. The current qualitative scale is deceptive in its representation
of these impacts relative to other significant, and quantitatively gauged
performance factors such as expected damage, cost, and population impacted.
Future refinement of the LACPR effort should include steps to adequately
analyze and quantify potential indirect impacts.

MCDA has limitations as a plan selection methodology. Although all
information gathered directly from stakeholders may provide valuable insight,
without adequate iterations of engagement and information feedback with
stakeholders full confidence can not be developed in the plan preference
information produced using MCDA. Most importantly, even with adequate
development and stakeholder engagement, the MCDA tool does not represent a
stand alone plan selection process.

Findings on Long-Term Sustainability of the Coast

Diversion of Mississippi River freshwater, nutrients, and sediment is
essential for the restoration of natural deltaic processes that sustain
coastal wetlands. Therefore, projects to divert freshwater and sediments from
the Mississippi River into adjacent estuaries are integral components of coastal
protection and restoration plans. Currently, over 20 diversions are either being
studied or constructed along the Mississippi River. These projects and studies,
all developed through various authorizations, require strategic coordination with
other Mississippi River management efforts to ensure success in construction
and operation. The USACE is working to implement a near-term plan for
diversions as well as a comprehensive plan that will include significant scientific
developments to better understand the hydrodynamics of the system and the
potential long-term configuration of the river delta system.

Adequate sediment resources are available to implement proposed coastal
restoration plans but acquiring those resources involves tradeoffs. The
study team was able to conservatively identify sediment sources and timeframes
for the construction of the coastal landscape features included in the extensive
restoration plans considered for the final alternative array. This analysis indicated
that in addition to riverine sediments from proposed diversions along the
Mississippi River and tributaries, significant sediment would need to be acquired
either from offshore sources or from interior bay and lake bottoms. As with any of
the alternative actions being considered there are tradeoffs associated with either
of these options. Offshore sources represent a more costly option and these
sediments potentially introduce a highly saline component into a less saline or
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fresh environment producing an adverse response and adjustment period prior to
system improvement. Removal of sediment from interior water bottoms can
significantly alter the hydrodynamics of the estuary and have potentially far
reaching impacts. A sensitivity analysis was also performed to determine the
impact that failure to undertake coastal restoration would have on alternative
plans. In some areas of the coast, failing to prevent continued wetland loss would
result in increased implementation costs for other risk reduction features.
However, with additional investment, the intended level of performance for any
alternative could be maintained, and the relative rank performance of the
alternatives without coastal components would be the same.

Other Findings

The size and magnitude of storm threats are generally greater in the area of
the central Gulf Coast near the Mississippi River. Statistical analysis of
historic storm data indicates the potential for occurrence of larger, more intense
storms (Category 2 or greater) increases toward the center of the Gulf Coast
near the Mississippi River. The area of the Gulf Coast from roughly Panama City,
Florida to New Iberia, Louisiana is approximately 1.5 times more likely to
experience a Category 2 or greater storm than the remainder of the Gulf Coast.
The area from roughly Mobile, Alabama to Grand Isle, Louisiana is twice as likely
to experience storms of that magnitude.

Rule of thumb approaches for estimating the contribution of wetlands to
risk reduction are unreliable. Prior to the storm surge modeling performed for
LACPR, a common rule of thumb (“x miles of wetlands reduce surge heights by y
feet”) was used to predict the storm surge reduction potential of wetlands;
however, the results of the LACPR model have shown that a general rule of
thumb is not appropriate for making risk-informed decisions. Additional detailed
modeling of alternative coastal features and landscapes will be needed in
subsequent steps to better determine their role in risk reduction. Protecting and
restoring coastal wetlands in some areas of the coast provides greater risk
reduction potential and in others greater ecologic benefit. The identification of
existing critical landscape features across the coast clearly indicates that the
potential for additional risk reduction through strategic application of coastal
restoration features is possible. Restoration also remains a critical need in all
areas of the coast and significant ecosystem benefits are attainable. In areas
where risk reduction is not apparent, coastal restoration focus can be on ecologic
performance goals.

Regional tradeoffs across state boundaries must be considered. A regional
analysis conducted for Louisiana and Mississippi identified potential impacts and
tradeoffs for each state. For example, the Pontchartrain barrier-weir plan (LP-a-
100-1 and C-LP-a-100-1), which is included in the final array for Planning Unit 1,
has a potential to raise water levels in Mississippi resulting in economic,
environmental, and cultural impacts. The estimated additional annual impact of
$5 million would represent an approximately 6 percent increase in potential
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damages over the Mississippi base condition. Conversely, these potential
impacts to Mississippi correspond to a little over one percent of the expected
annual damage reduction in Louisiana (approximately $375 million annual
benefits). The significance of those relative impacts should be weighed against
the benefits achieved on a regional scale. Further analysis would be required if
the Pontchartrain barrier-weir plan were to proceed into engineering and design.
The Pontchartrain barrier-weir plan could potentially be optimized to minimize
adverse impacts with any remaining impacts mitigated.

Uncertainties are amplified in planning large-scale coastal restoration and
hurricane risk reduction systems. The team has attempted to capture some of
the uncertainties associated with relative sea level rise and land use/population
growth through the use of scenarios. While there are certainly many additional
uncertainties associated with the different types of risk reduction approaches, the
level of design across all measures and alternatives at this time is such that clear
distinctions between types of approaches and alternatives would be difficult. To a
large extent uncertainty with water levels has been addressed as part of the
development of the storm surge and hydrodynamic data and extrapolated to the
performance metrics; however, there are always additional uncertainties that
cannot be quantified. Adaptive management can be used to resolve ecosystem,
engineering, policy, socio-economic issues and interactions, and other processes
by reducing some of the uncertainties over time.

Changes in social, political, economic, engineering, and environmental
conditions over the next decades will require an adaptive management
framework to guide program and project management. Adaptive
management incorporates new information and technology into new and existing
projects as it becomes available and assimilates lessons learned as new projects
are developed. An adaptive management framework will be centered on the
understanding of overarching protection and restoration system goals as well as
the actions and capabilities of all parties involved in plan development. This
communication and shared responsibility will leverage all currently existing
missions and authorities. Since adaptive management requires continuing
evaluation and introduction of the latest science, investment in science and
technology is needed.
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Section 20. Conclusions and Recommendations

As revealed by the hurricanes of 2005, South Louisiana is highly vulnerable to
catastrophic flooding from large hurricanes. In response to those devastating events,
Congress directed the USACE to conduct a comprehensive “Category 5” hurricane risk
reduction analysis and design in close coordination with the State of Louisiana. In
collaboration with the State and many others, the USACE developed and analyzed a full
range of alternatives, which are based on a number of structural, nonstructural, and
coastal restoration measures, to reduce storm surge risk in South Louisiana.

The technical analysis in this report has provided a clearer picture of the probability of
large, storm related surge events that will significantly impact the population, property,
and national and regional economy. The LACPR effort quantified that probability by
using supercomputers to simulate a spectrum of hurricanes that could strike the
Louisiana coast. Scientists have concluded that the two primary parameters for
estimation of maximum storm surges along the coast are storm intensity (related to the
Saffir-Simpson scale) and storm size (not related to the Saffir-Simpson). As a
representation of “Category 5” risk reduction, this technical report presents alternatives
at the 100-year, 400-year, and 1000-year design levels. The 400-year flood event is an
approximation of Hurricane Katrina.

The manner of attaining risk reduction, as well as the level attainable, is influenced by
the range of considerations and tradeoffs presented in this technical report. Historically,
the most significant consideration has been the relative potential return on investment,
or benefit versus cost, provided by any alternative action taken to reduce risk.
Hurricanes Katrina and Rita clearly highlighted that this type of investment decision
does not necessarily result in a full understanding of the level of risk exposure. The
information presented in this technical report has been developed and presented to
enable consideration of decisions without the emphasis on economic outputs but with
regard to the cost and tolerance for potential residual or remaining risks. Although
property damages can be reduced through various risk reduction measures, evacuation
is the only effective means to substantially reduce loss of life related to hurricane
events.

A stakeholder-engaged, risk-informed approach is highly desirable in considering
options for the reduction of storm damage risks. The broad and inclusive consideration
of potential risks, costs, and tradeoffs in other performance attributes is significant to the
ultimate decision. Therefore, a Risk-Informed Decision Framework serves as the
overarching approach for evaluating, comparing, and identifying the final array of
alternative plans. This framework serves two functions: first, to inform affected
stakeholders and decision makers of the magnitude of risks related to hurricane storm
surge in South Louisiana, and second, to enable stakeholders and decision makers to
clearly understand the tradeoffs that would be required to reduce those risks.

An important input into the LACPR Risk-Informed Decision Framework was the use of a
Multi Criteria Decision Analysis (MCDA) tool, which facilitated the incorporation of
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stakeholder values into the decision-making process. The process of developing the
stakeholder-based MCDA tool will continue to provide valuable understanding of
broader stakeholder interests and values for plan performance; however, it will require
additional feedback to and engagement with stakeholders to fully develop reliable plan
preference information and be effective in communicating risks.

A broad range of viable options is available for the reduction of risk from large or
“Category 5” surge events. The comparison of alternatives through the Risk-Informed
Decision Framework resulted in a final array consisting of five or six plans in each of the
five planning units. Over half of those plans would achieve some degree of “Category 5”
risk reduction by providing significant surge impact reduction for a 400-year frequency
storm event or greater; however, in some cases, the level of risk reduction varies
throughout the planning unit. The final array consists primarily of nonstructural and
comprehensive (structural and nonstructural) alternatives. The balance of the final array
consists of two structural alternatives and a single stand alone coastal restoration
alternative.

The restoration and maintenance of the coastal landscape are important considerations
in a comprehensive system for risk reduction. The extensive effort represented by
simply maintaining the Louisiana coast in its current state raises questions regarding
long-term sustainability of this landscape. Robust hydromodeling enabled the analysis
of the performance and contribution of the coastal landscape in limiting storm surges.
Critical features within the coastal landscape (e.g. wetlands, land bridges, highways,
etc.) that have a measureable influence on surges have been identified across the
entire Louisiana coast. This indicates that restoration and maintenance of specific
coastal landscape features, as opposed to the coastal landscape as a whole, could
significantly increase the reliability and sustainability of comprehensive risk reduction
systems as well as existing development. Additional detailed modeling and evaluation is
needed to further define the most efficient and sustainable actions to enhance risk
reduction.

Nonstructural measures, such as raising structures in place, appear to be viable,
efficient, and effective. Cost effectiveness and potential to reduce risk make the
implementation of nonstructural measures, along with structural and costal restoration
measures, a logical next step toward creating sustainable and resilient communities
across the extent of South Louisiana. However, since a simplifying assumption of 100
percent participation was used for the LACPR analysis, further evaluation and
collaboration with stakeholders will be needed to develop realistic, implementable plans.

Plans in the final array have the potential to reduce damages by approximately 15 to 85
percent on average across the range of storm events. The theoretical coastwide
property damages (based on no further action to reduce risk) range from $77 billion for
a 100-year event to $219 billion for a 1000-year event. The total first costs of the final
array plans range from approximately $2 billion for a 100-year nonstructural plan in
Planning Unit 4 to $69 billion for a 1000-year nonstructural plan in Planning Unit 1. Total
first costs for potential coastwide plans (consisting of an alternative from each planning
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unit) range from approximately $59 billion for the combination of least costly alternatives
in each planning unit to approximately $139 billion for the combination of most costly
alternatives in each planning unit.

Even for the best performing plans presented in the final array, substantial residual risk
remains for the most extreme surge events. In evaluating the performance of
alternatives across a wide range of surge events an assumption of continuous resilience
has been employed. In other words features designed based on a more frequent event
are exceeded but would not fail for less frequent, larger events. This assumption was
used to evaluate initial alternatives and would need to be further evaluated in future
analyses. All structural measures are capable of providing significant risk reduction,
particularly with increasing design levels. However, evaluation results have indicated
that some 100-year level structural alignments could potentially provide significant risk
reduction for the 400-year to 1000-year surge events if those features remains intact for
these higher level events. The technical evaluation has indicated that levee alignments
that allow some distance between the levee and the development footprint produce
greater, and often significant residual protection above the indicated design level.
However, the assumption of continuous resilience, the design requirements to support
such an assumption, and the specific potential for system failure, should be investigated
in detail at the planning unit scale.

Large uncertainties surround any large-scale, long-term plans for coastal protection and
restoration in South Louisiana. Although this technical report considers some of these
uncertainties by varying relative sea level rise rates, economic growth, and population
trends across future scenarios, critical issues surrounded by large uncertainties, such
as climate change, future hurricane patterns, land loss, sediment sources, and funding
remain. The documentation of risk and uncertainty allows stakeholders and decision
makers to appreciate the tradeoffs inherent in decisions for action. The extensive
technical evaluation and diverse comparison of plan performance presented in this
technical report provides a basis for making risk-informed decisions.

Implementation Options

The final array of alternative plans and implementation options presented in this
technical report provide a basis for continued development of an approach for
addressing the comprehensive reduction of risks associated with large storm surge
events. The range of performance and tradeoffs represented in these alternatives also
present initial choices that both stakeholders and decision makers will need to make.
Resolving tradeoffs begins at the stakeholder and local sponsor level.

While the LACPR technical report strives to be consistent with the Louisiana master
plan for comprehensive protection and restoration, the State’s plan was completed
without the benefit of complete performance evaluation of the plans and their tradeoffs.
Since the tradeoffs have not been vetted through the stakeholders and our State
partners, it is premature to definitively determine which plans or components are more
desirable for either continued development or implementation.
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Each major type of measure, such as nonstructural, or any combination of measures
can provide some level of risk reduction. Implementation time and resultant effect are
also tradeoff considerations. The State of Louisiana working with the pubilic,
stakeholders, and agencies should consider options for implementation as well as the
final array of alternatives. The following implementation options should be considered in
each planning unit:

Execute through a comprehensive basin plan
Focus on structural features

Focus on coastal features

Focus on nonstructural actions

Develop hazard mitigation efforts

aobhwd =

These options reflect the tradeoffs regarding an implementation approach. Option 1 is a
comprehensive effort that would investigate alternatives that leverage all possible
combinations of measures (nonstructural, structural, coastal, and hazard mitigation) for
the entire basin. Other options could focus on individual measures or combinations of
measures. Each option would require utilization of different authorities.

The USACE in partnership with the State of Louisiana is prepared to continue
refinement of the plans and decision process. Steps have been taken during this
technical effort to provide the foundation for refining both evaluations and the continued
dialog between the Federal and State partners and stakeholders.

Authorities for Implementation

Numerous project and study authorities exist throughout the coastal area as identified in
the following subsections as well as Attachment 2. In instances where risk reduction
features and existing authorities coincide, further analyses through the process of Post
Authorization Change reports may be possible. The decision of whether a new
legislative authorization is needed, however, depends on a case-by-case examination of
the original authority and the proposed change, as well as approval by the appropriate
decision maker. In some areas of coastal Louisiana, continued development of a
comprehensive risk reduction system by the USACE, if desired, will require new
authority. In addition, policy waivers may be needed in cases where current policy
procedures requiring a traditional economic analysis would make it difficult to
economically justify the levels of risk reduction presented in this report. Ultimately, the
scale and duration associated with effective implementation and maintenance of a
comprehensive system for risk reduction will require an adaptive management
approach.

The Louisiana Coastal Area (LCA) ecosystem restoration authority contained in the
Water Resource Development Act (WRDA) of 2007 provides for the initiation of coastal
restoration efforts. WRDA 2007 also provides study authority for a Comprehensive Plan
to be consistent with both the LACPR effort and the protection and restoration master
plan mandated by State statute. These authorities provide opportunities for the
continuing development of coastal restoration measures, as well as refining the analysis
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and improving the understanding of strategic coastal landscape contributions to risk
reduction.

Nonstructural measures are also clearly important based on the analysis in the technical
report. A programmatic framework for the potential implementation of nonstructural
measures, however, overlaps the missions of several Federal and state agencies and
would benefit from further development of coordinated guidelines.

Planning Unit 1

Coastal features are an important consideration for risk reduction in Planning Unit 1.
The key coastal restoration authorities are the Coastal Wetlands Planning, Protection,
and Restoration Act (CWPPRA program) and Title VII of WRDA 2007 (Louisiana
Coastal Area). If the decision is made to pursue a structural and/or nonstructural
approach, the following project and study authorities may be available to investigate and
potentially implement elements of the final array:

Lake Pontchartrain and Vicinity (project)

New Orleans to Venice (project)

Pearl River Basin, St. Tammany Parish (project)

Southeast Louisiana Urban Flood Control (projects and studies)
West Shore Lake Pontchartrain (study)

Planning Unit 2

Similar to Planning Unit 1, coastal features are an important consideration for risk
reduction in Planning Unit 2. The same coastal restoration authorities apply, i.e. the
CWPPRA program and Title VIl of WRDA 2007 (Louisiana Coastal Area). The ongoing
Donaldsonville to the Gulf Feasibility Study is investigating structural, nonstructural, and
environmental mitigation measures as part of a comprehensive basin-wide study. In
addition to the Donaldsonville to the Gulf study, the following project authorities could
potentially be expanded to incorporate additional or modified structural or nonstructural
measures:

West Bank and Vicinity
New Orleans to Venice
Larose to Golden Meadow
Grand Isle and Vicinity

Planning Unit 3a

In Planning Unit 3a the contribution of coastal features to risk reduction and reliability
needs additional refinement to investigate the merits of strategic placement of coastal
measures. This refinement can be accomplished through the Section 7002
Comprehensive Plan authority in WRDA 2007.

In this planning unit, decisions must be made regarding stand alone nonstructural
versus structural/nonstructural approaches. Both of the comprehensive plans in the final
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array are variations of the Morganza to the Gulf of Mexico project authorized in WRDA
2007. The USACE is currently pursuing a Post Authorization Change under the
Morganza to the Gulf authority. This study will evaluate both structural and nonstructural
measures for the Morganza project area.

In addition to the Morganza to the Gulf authority, the following project and study
authorities may be available to investigate and potentially implement structural and
nonstructural elements of the final array:

Larose to Golden Meadow (project)
Morgan City and Vicinity (project)
Atchafalaya Basin (project)

Lower Atchafalaya Basin (study)

Planning Unit 3b

In Planning Unit 3b the contribution of coastal features to risk reduction and reliability
needs additional refinement to investigate the merits of strategic placement of coastal
measures. This refinement can be accomplished through the Section 7002
Comprehensive Plan authority in WRDA 2007.

In this planning unit, decisions must be made regarding stand alone nonstructural
versus structural/nonstructural approaches. In Planning Unit 3b the final array contains
a suite of three comprehensive plans that have no common structural features;
therefore, decisions must also be made regarding the extent of the structural alignment,
e.g. continuous levees versus ring levees.

A portion of Planning Unit 3b, from approximately Abbeville westward, is included in the
Southwest Coastal Louisiana Feasibility Study authority; however, there is a lack of
authority for study or implementation in most of this planning unit. Therefore, new
authority would be needed to complete additional investigation or implementation of the
LACPR structural and/or nonstructural risk reduction plans in Planning Unit 3b.

Planning Unit 4

In Planning Unit 4 the contribution of coastal features to risk reduction and reliability
needs additional refinement to investigate the merits of strategic placement of coastal
measures. This refinement can be accomplished through the Section 7002
Comprehensive Plan authority in WRDA 2007 and/or the Southwest Coastal Louisiana
Feasibility Study.

Nonstructural measures play a dominant role in all of the plans including the
comprehensive ring levee plans. The limited extent of the ring levees results in the
nonstructural component of the comprehensive plans being comparable to the
corresponding stand alone nonstructural plan. The Southwest Coastal Louisiana
Feasibility Study authority provides the ability to further study these alternatives in
addition to others, such as a 12-foot barrier along the GIWW.
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Path Forward

The information contained within the Louisiana Coastal Protection and Restoration
(LACPR) Final Technical Report dated June 2009 has been reviewed by technical
experts both within the U.S. Army Corps of Engineers (USACE) and independent to the
USACE. In addition to their review of the February 2008 version of the technical report,
an independent external peer review panel from the National Academy of Sciences is
conducting a second review based on the March 2009 version of the technical report.
Prior to submission of the LACPR Final Technical Report to Congress, the report will
also undergo review by National policy reviewers, other Federal agencies, the State of
Louisiana, non-governmental organizations, and the public. Comments and responses
will be documented in a separate report that will be posted to the LACPR website,
www.lacpr.usace.army.mil, and provided to Congress as a supplement to the technical
report. The Chief of Engineers will also issue a formal response to the National
Academy of Sciences after the review panel has issued its final report on LACPR.

Using the information in this technical report, the USACE will continue to coordinate with
the State of Louisiana and further develop options and priorities in each planning unit.
The USACE and the State will then jointly coordinate those options and priorities with
other Federal agencies, local entities, non-governmental organizations, and the public.
The USACE will implement potential recommended projects in accordance with current
policy and in the most expeditious manner available by maximizing the use of available
construction and study authorities (i.e., modifications of on-going projects/studies, post-
authorization change reports, or new authorizations).
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The findings and conclusions contained herein reflect the information available at this
time. They do not reflect program and budgeting priorities inherent in the formulation of
a national Civil Works construction program nor the perspective of higher review levels
within the Executive Branch. Consequently, the findings and conclusions may be
modified before they are transmitted to Congress as technical information. However,
prior to transmittal to Congress, the State, interested Federal agencies, and other
parties will be advised of any modifications and will be afforded an opportunity to

comment further.

Alvin B. Lee
Colonel, U.S. Army
District Engineer — New Orleans
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List of Acronyms

ADCIRC
AP&M
CLEAR
CP

CPRA
CWPPRA
FEMA
GIS
GIWW
GOHSEP

HSDRRS
IPAWS
IPET
JPM-0OS
LACPR
LCA
MCDA
MRGO
MsCIP
NAVD 88
NED
NER

PU

RIDF
S&T
STWAVE
USACE
WAM
WRDA

ADvanced CIRCulation (wind and wave modeling system)
Adaptive Planning and Management (team)

Coastal Louisiana Ecosystem Assessment and Restoration (model)
Coastwide Plan

Coastal Protection and Restoration Authority (State of Louisiana)
Coastal Wetlands Planning, Protection, and Restoration Act
Federal Emergency Management Agency

Geographic Information System

Gulf Intracoastal Waterway

Governor's Office of Homeland Security and Emergency
Preparedness

Hurricane and Storm Damage Risk Reduction System
Integrated Public Alert and Warning System

Interagency Performance Evaluation Task force

Joint Probability Method-Optimum Sampling

Louisiana Coastal Protection and Restoration

Louisiana Coastal Area (Ecosystem Restoration Study, 2004)
Multi-Criteria Decision Analysis

Mississippi River-Gulf Outlet

Mississippi Coastal Improvements Program

North American Vertical Datum 1988

National Economic Development

National Ecosystem Restoration

Planning Unit

Risk-Informed Decision Framework

Science and Technology (program)

STeady State spectral WAVE (model)

U.S. Army Corps of Engineers

WAVve prediction Model

Water Resources Development Act
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Glossary

100-year Design: A hurricane risk reduction design (e.g. a levee design) based on a flood
elevation that statistically has a 1% chance of being equaled or exceeded in any given year.
Similarly, a 50-year design is based on a flood elevation that has a 2% chance of being equaled
or exceed in any given year (divide 1 by the return period and multiply by 100 to get the percent
chance).

Adaptive Management: A “learning by doing” management approach which promotes flexible
decision making that can be adjusted in the face of uncertainties as outcomes from
management actions and other events become better understood (National Academy of
Sciences 2004).

ADCIRC: The ADvanced CIRCulation hydrodynamic model simulates water levels and is used
to calculate the design still water level in storm events.

Alternative: For LACPR, an alternative incorporates one or more structural, nonstructural,
and/or coastal restoration measures for risk reduction. Alternatives emerge from the plan
formulation process.

Appropriation: The provision of funds, through an annual appropriations act or a permanent
law, for federal agencies to make payments out of the Treasury for specified purposes. The
formal federal spending process consists of two sequential steps: congressional authorization
and then appropriation. Typically set forth in the annual Energy and Water Development
Appropriations Acts (Woolley, 2008).

Authorization: A statutory provision that obligates funding for a program or agency. An
authorization may be effective for one year, a fixed number of years, or an indefinite period. An
authorization may be for a definite amount of money or for "such sums as may be necessary."
The formal federal spending process consists of two sequential steps: congressional
authorization and then appropriation. Authorizations are established by Congress in Public Law
(Woolley, 2008).

Barrier Islands: A linear landform created by the interaction between water and sediments
within or extending into a body of water. The barrier islands along the Louisiana coast are a
result of sediments deposited by the Mississippi River during its wandering over the past several
thousand years. Examples of this phenomenon are the Isles Dernieres chain west of
Terrebonne Bay and the Breton Island chain east of St. Bernard Parish.

Barrier-Weir: A structural measure similar to a continuous levee that can withstand
overtopping. In LACPR alternatives, barrier-weirs serve as an outer line of defense in a multiple
lines of defense strategy. Barrier-weirs are designed to reduce storm surge, blocking the surge
for lower surge heights but eventually allowing reduced overtopping at higher surge heights.

Base Condition: The base condition is the no action condition assuming none of the LACPR
alternatives are implemented. The base condition includes outputs of the hydromodeling
analysis, which statistically predict the hurricane threat; an inventory of economic and
environmental assets; and descriptions of existing projects designed to reduce risk to those
assets.
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Base Year: In cases where alternatives have different implementation periods, a common year,
or base year, is established. Costs and benefits are compounded or discounted to that base
year. For LACPR, the base year is 2025 since it generally represents the end of the
implementation period, or initial construction period, for most alternatives considered.

Breach: A rupture, break, or gap in a levee system whose cause has not been determined. See
also Failure Breach and Overtopping Breach.

Category 5 Hurricane: A storm on the Saffir-Simpson Hurricane Scale having winds greater
than 155 mph (135 kt or 249 km/hr). Storm surges are generally greater than 18 feet above
normal. Only three verified Category 5 Hurricanes have made landfall in the United States since
recordkeeping began: The Labor Day Hurricane of 1935 (Florida Keys), Hurricane Camille in
1969 (Mississippi and Louisiana), and Hurricane Andrew in August 1992 (Florida and
Louisiana).

Chief’s Report: A final recommendation on a civil works project signed by the Chief of
Engineers. Congress uses a favorable Chief’s report as the basis for authorizing projects
(Woolley, 2008).

Chenier: A geologic formation found within the Prairie Marshes of coastal Vermilion and
Cameron Parishes of southwest Louisiana that consists of ancient beach lines that, in most
cases, parallel the Gulf of Mexico. These intermittent shell ridges are called "cheniers" because
of the live oaks that grow on them; the term cheniere is a French term for oak. The ridges
developed from sediment that escaped the delta over the past 3,000 years and was transported
and deposited along the coast of western Louisiana and periodically eroded as the river shifted
courses.

CLEAR Model: The CLEAR model (which stands for “Coastal Louisiana Ecosystem
Assessment and Restoration”) is a modeling system developed by the Department of Natural
Resources’ Coastal Restoration Division in collaboration with the Center for Ecology and
Environmental Technology at Louisiana State University to link scientific understanding of the
following four major features of the Mississippi River Delta: (1) physical process (river and
coastal ocean); (2) geomorphic features; (3) ecological succession (or state change); (4) water
quality conditions. For LACPR, the CLEAR model was used to predict coastal wetland land loss
by the year 2060.

Comprehensive: In general, comprehensive means “large in scope or content.” The term
comprehensive has been used for LACPR in the following three ways:

(1) Comprehensive Alternatives are plans that contain at least two of the three types of
risk reduction measures—nonstructural, structural, and coastal restoration—presenting a
multiple lines of defense strategy and providing comparable levels of risk reduction to all
economic assets in the surge impacted areas.

(2) “Comprehensive Category 5 Protection” - This terminology was used in the
Congressional authority.

(3) “Comprehensive Hurricane Protection Analysis and Design” - This terminology was
used in the Congressional authority. The LACPR effort addresses this requirement by
presenting a full range of structural, nonstructural, and coastal restoration hurricane risk
reduction measures across South Louisiana.

261



Louisiana Coastal Protection and Restoration (LACPR)
Final Technical Report

Construction Costs: Construction costs include the cost of materials and construction of
physical structures as well as construction management costs. Construction costs also include
costs associated with maintaining the risk reduction levels of structural measures into the future
associated with relative sea level rise and/or degradation of the coast, i.e. future levee lifts. See
also First Costs and Life Cycle Costs.

Critical Landscape Features: Features of the coastal landscape that tend to have significant
effects on surge. The features identified through modeling range from critical wetland segments
to natural ridges to manmade embankments.

Depth-Damage Relationships: Depth-damage relationships are used to indicate the
percentage of the structural and content value that was damaged at each depth of flooding for
residential and non-residential properties. Damage percentages were determined for each one-
half foot increment from one foot below first-floor elevation to two feet above first floor, and for
each 1-foot increment from 2 feet to 15 feet above first-floor elevation.

Diversion: A turning aside or alteration of the course or flow of water. In coastal restoration, this
action usually consists of channeling water through a canal, pipe, or conduit to introduce water
and water-borne resources into a receiving area. “Steady state” diversions are diversions that
are operated on a relatively consistent basis. “Pulsed” diversions are diversions that are
operated with periodic unrestricted flows (once every four or five years), followed by four or five
consecutive low-discharge years.

Failure Breach: A breach in a levee system for which a cause of failure is both known and
occurred without overtopping. Usually requires an investigation to determine cause.

First Costs: First costs include engineering and design, facility relocations, real estate,
mitigation, and construction costs. See also Construction Costs and Life Cycle Costs.

Frequency-Damage Relationships: The potential flood damage associated with each of the
five frequency storm events (10-, 100-, 400, 1000, and 2000-year events) for each of project
alternatives. The frequency-damage relationships were calculated for three levels of confidence
(10 percent, 50 percent, and 90 percent) to account for hydrologic uncertainty.

Joint Probability Method: A statistical tool involving an assumption of independence of storm
parameters so that the combined probability of a particular hurricane is the product of the
probabilities of each of the governing parameters. These parameters include forward speed,
storm radius, central pressure depression, and storm position; a dependence on track angle is
assumed and accounted for by separation of the storm into directional families.

Levee: An earth embankment, floodwall, or structure whose purpose is flood damage reduction
or water conveyance. A continuous levee is generally long and linear; in contrast, a ring levee
partially or completely encircles or "rings" a small area.

Life Cycle Costs: Life cycle costs are the total cost of implementing an alternative plan, which

includes first costs plus operation and maintenance, repair, replacement and rehabilitation
costs. See also Construction Costs and First Costs.
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Measure: A component of alternative plans for risk reduction. Categories of risk reduction
measures include structural, nonstructural and coastal restoration. See also Risk Reduction
Measure.

Metric: A parameter for measuring the performance of objectives.

Mississippi River and Tributaries Project Design Flood: The Mississippi River and
Tributaries Project Design Flood is a worst-case scenario derived for each location within the
Mississippi River Basin, calculating water volumes for the purposes of designing risk-reduction
measures.

Multi-Criteria Decision Analysis: Multi-criteria decision analysis is a discipline aimed at
supporting decision-makers who are faced with making numerous and conflicting evaluations,
highlighting these conflicts and deriving a way to come to a compromise in a transparent
process.

Multiple Lines of Defense: The Multiple Lines of Defense concept (Lopez 2006) integrates the
following natural and engineered risk reduction elements in coastal Louisiana: (1) the Gulf of
Mexico shelf, (2) barrier islands, (3) bays or sounds, (4) marsh landbridges, (5) ridges, (6)
highways, (7) flood gates, (8) levees, (9) pump stations, (10) elevated buildings, and (11)
evacuation routes.

No Action Alternative: The USACE is required to consider the option of “no action” as one of
the alternatives in order to comply with the requirements of the National Environmental Policy
Act (NEPA). With the no action plan, which is synonymous with the without project condition, it
is assumed that no project would be implemented by the Federal Government or by local
interests to achieve the planning objectives. The no action plan forms the basis, which all other
alternative plans are measured against.

Overtopping: Water levels that exceed the crest elevation of a levee and flow into protected
areas.

Overtopping Breach: A breach whose cause is known to be a result of overtopping (system
exceeded).

Period of Analysis: The time horizon for which project benefits, deferred construction costs,
and operation, maintenance, repair, rehabilitation, and replacement costs are analyzed. For
LACPR, the period of analysis is from the base year 2025 to 2075. See also Base Year.

Plan or Alternative Plan: In general, a plan is any detailed scheme, program, or method
worked out beforehand to accomplish an objective. For LACPR, an alternative plan incorporates
one or more structural, nonstructural, and/or coastal restoration measures for risk reduction.
Alternative plans emerge from the plan formulation process.

Post Authorization Change (PAC): Modification to an authorized project, at the discretion of
the Chief of Engineers, for engineering or construction reasons to serve the project purposes
authorized by Congress (Woolley, 2008).

Relative Sea Level Rise: In coastal Louisiana, relative sea level rise is often segmented into a

global increase in water mass (global sea level rise), a rise in local water level due to density
changes in the water, and a drop in local land elevation (subsidence).
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Residual Risk: The flood risk that remains after a hurricane surge risk reduction project has
been implemented.

Return Period or Interval: Average period of time between occurrences of a given hurricane or
tropical storm event or occurrences of a given storm surge, e.g. the 100-year storm surge event.

Ridges: Geographical features along the Louisiana coast where wind and wave action has built
linear barriers of sand and soil parallel to the coastline. These features are found most often in
the Chenier Plains of Southwest Louisiana.

Risk: The probability for an adverse outcome. Risk = (Frequency of an event) x (Probability of
occurrence) x (Consequences).

Risk-Informed Decision Framework: A new decision framework that augments the six-step
USACE planning process by incorporating specific techniques and methods from risk analysis
and multi-criteria decision analysis. The approaches incorporated within the risk informed
decision framework enhance communication and collaboration among decision-makers and
stakeholders by providing structure and mechanisms for capturing information about attitudes
and values of decision-makers and stakeholders that are essential to defining objectives,
metrics, and weights for metrics that reflect priorities.

Risk Reduction Measure: A component of alternatives for risk reduction. Categories of risk
reduction measures include structural, nonstructural and coastal restoration. See also Measure.

Saffir-Simpson Hurricane Scale: The Saffir-Simpson Hurricane Scale is a 1-5 rating based on
a hurricane's intensity at a given point in time. This scale is used to give an estimate of the
potential property damage and flooding expected along the coast from a hurricane landfall.
Wind speed is the determining factor in the scale, as storm surge values are highly dependent
on the slope of the continental shelf and the shape of the coastline in the landfall region.

Sea Level Rise: Sea level rise is an increase in sea level. Multiple complex factors may
influence this change.

Stage-Damage Relationships: A water elevation NAVD88 (2004.65 epoch) was calculated for
each census block. Flood damages were calculated at 1-foot increments from the beginning
damage elevation to an elevation where damages for all the structural categories have reached
a maximum amount of damage.

Stage-Frequency Data: Stage-frequency data were derived from the hydromodeling results for
each planning subunit under existing and future without project and with project conditions.
Stages were provided for five frequency storms (10-, 100-, 400-, 1000-, and 2000-year events).
The stage-frequency data were combined with the stage-damage relationships to develop
frequency-damage relationships for each planning subunit. The frequency-damage
relationships are then used to derive the expected annual damages.

Standard Project Hurricane: A hypothetical hurricane intended to represent the most severe
combination of hurricane parameters that is reasonably characteristic of a specified region,
excluding extremely rare combinations. It is further assumed that the standard project hurricane
would approach a given project site from such direction, and at such rate of movement, to
produce the highest hurricane surge hydrograph, considering pertinent hydraulic characteristics
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of the area. Based on this concept and on extensive meteorological studies and probability
analyses, a tabulation of “Standard Project Hurricane Index Characteristics” was mutually
agreed upon by representatives of the U.S. Weather Service and the USACE (NOAA 1979).

Still Water Level: The elevation of the water surface without waves. See Water Level.

Subsidence: Subsidence is the motion of a surface (usually, the Earth's surface) as it shifts
downward relative to a datum such as sea level.

Sustain: To support and provide with nourishment to keep in existence; maintain.
Sustainability: The ability of a coastal landscape feature to maintain its general location, spatial
configuration, and habitat functions over time. Maximum sustainability is the maximum
amount of measurable sustainable wetland habitat, within a given area, based on a set of
proposed restoration alternatives for that same area.

Systematic: Of or pertaining to a system, e.g. a hurricane risk reduction system; methodical in
procedure or plan, e.g. systematic approach; formed with regular connection and adaptation or
subordination of parts to each other, and to the design of the whole (based on Merriam-Webster
and Webster’'s Revised Unabridged Dictionary).

Uncertainty: Lack of confidence in a risk prediction.

Velocity Zones or V zones: Areas designated by FEMA closest to the shoreline subject to
wave action, high-velocity flows, and erosion from a 100-year event.

Water Level: The height of the water surface measured above a datum.

With Project Conditions: The with project conditions are the projected changes in future
conditions as the result of implementing one or more LACPR alternatives.

Without Project Conditions: The without project conditions are the projected changes in future
conditions resulting from no action, or not implementing any of the LACPR alternatives.
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Attachment 1 - Alternative Descriptions and Codes

This attachment describes the 111 alternatives that were evaluated and then narrowed down
into a final array of 27 alternatives. The only modification that was made to the final set of
alternatives is that the coastal restoration components were removed from the plans in Planning
Units 3a, 3b, and 4 since they were not found to contribute to risk reduction. Maps showing
each individual alternative can be found in the Evaluation Results Appendix.

Primary Primary Code Description Planning Variation Variation Code Description
Code Unit Code
R# Coastal restoration alternative All -100- 100-year design level
NS- Nonstructural alternative Planning -400- 400-year design level
C- Comprehensive alternative Units -1000- 1000-year design level
LP- Lake Pontchartrain Surge -a- Golden Triangle alignment at the confluence of
Reduction Plan (includes the GIWW and MRGO.
barrier-weir with surge gates -b- Alignment at the edge of the Golden Triangle and
across The Rigolets and Chef Lake Bornge
Menteur Pass)
HL- High Level Plan (raise existing Planning -1 Primary alignment-All PU1 primary alternatives
levees) Unit 1 include the Lake Pontchartrain and Vicinity levees
(e.g. and upper Plaquemines levees. The primary
PU1-LP-a- alignments for ‘LP’ also include a barrier-weir
100-1) across the passes of Lake Pontchartrain with a
tieback to high ground east of Slidell.
-2 Primary alignment (-1) plus Northshore and
Westshore levees.
-3 Primary alignment (-1) plus Slidell and Westshore
levees.

WBI- West Bank Interior Plan. -1 Primary alignment -All PU2 primary alignments
include West Bank and Vicinity levees with new
sector gate and Larose to Golden Meadow
levees. Primary alignments for ‘R’ and ‘G’ also

. include Lafitte ring levees.
R- Ridge Alignment Plan (parallel Pl_annlng -2 Primary alignment (-1) plus Boutte levee.
to ridges along the West Bank Unit 2 (e.g.
LD PU2-WBI-
of the Mississippi River and 100-1)
Bayou Lafourche.
G- GIWW Alignment Plan -3 Primary alignment (-1) plus Boutte and Des
Allemands levee.
-4 Primary alignment (-1) plus Boutte, Des
Allemands, and Bayou Lafourche levees.
M- Morganza levee alignment Planning -1 Morganza alignment with tieback to high ground
Unit 3a west of Morgan City
G- GIWW Alignment Plan with (e.g. -2 Morganza alignment with tieback to high ground
Morganza Levee at 100-year PU3a-M- south of Thibodaux and ring levee around Morgan
design 100-2) City
G- GIWW levee alignment Planning -1 Primary alignment (no variations to primary
F- Franklin to Abbeville Unit 3b alignments in PU3b)
alignment (inland of the (e.g.
GIWW) PU3b-G-
RL- Ring levee alignment 100-1)
G- GIWW levee alignment -1 For the ‘G’ alignments, the primary alignment
. follows the GIWW across the planning unit
Planning boundaries
- - it4 (eg. — — -
RL- Ring levee alignment FL>JL?AERL-400- -2 GIWW alignment with tieback to high ground near
Kaplan.
" -3 GIWW alignment with the levee set at a height of

12 feet.
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Planning Unit 1 Alternative Descriptions

Note: All nonstructural, structural, and comprehensive alternatives in Planning Unit 1 include a
coastal restoration component (see description of R2 below).

Alternative Alternative Description
0 No action (without project) alternative.
Sustain coastal landscape through restoration including shoreline protection, marsh
R1, R2, and : . . ) . :
R3 creation, and diversions. R1 proposes steady state diversions while R2 proposes pulsed
diversions. R3 is as proposed in the State Master Plan.
NS-100 Implement comprehensive 100-year nonstructural measures.
NS-400 Implement comprehensive 400-year nonstructural measures.
NS-1000 Implement comprehensive 1000-year nonstructural measures.
Construct barrier-weir and levees to reduce risk to the Lake Pontchartrain area. Raise
LP-a-100-1 ; : .
upper Plaquemines levees to 100-year level of risk reduction.
Construct barrier-weir and levees to reduce risk to the Lake Pontchartrain area. Raise
LP-a-100-2 | upper Plaguemines levees and construct new levees around Laplace and across the
Northshore to the 100-year level of risk reduction.
Construct barrier-weir and levees to reduce risk to the Lake Pontchartrain area. Raise
LP-a-100-3 | upper Plaguemines levees and construct new levees around Laplace and Slidell to the
100-year level of risk reduction.
Construct barrier-weir and levees to reduce risk to the Lake Pontchartrain area. Raise
LP-b-400-1 | Lake Pontchartrain and Vicinity and upper Plaguemines levees to 400-year level of risk
reduction.
Construct barrier-weir and levees to reduce risk to the Lake Pontchartrain area. Raise
LP-b-400-3 | Lake Pontchartrain and Vicinity and upper Plaquemines levees and construct new levees
around Laplace and Slidell to the 400-year level of risk reduction.
Construct barrier-weir and levees to reduce risk to the Lake Pontchartrain area. Raise
LP-b-1000-1 | Lake Pontchartrain and Vicinity and upper Plaguemines levees to 1000-year level of risk
reduction.
Construct barrier-weir and levees to reduce risk to the Lake Pontchartrain area. Raise
LP-b-1000-2 | Lake Pontchartrain and Vicinity and upper Plaquemines levees and construct new levees
around Laplace and across the Northshore to the 1000-year level of risk reduction.
Construct high level plan providing 100-year design level of risk reduction to Laplace,
HL-a-100-3 . :
upper Plaquemines, and Slidell.
Construct high level plan providing 100-year design level of risk reduction to Northshore of
HL-a-100-2 : .
Lake Pontchartrain, upper Plaquemines, and Laplace.
Construct high level plan providing 400-year design level of risk reduction to the
HL-b-400-2 | Northshore and Southshore of Lake Pontchartrain, upper Plaquemines, Laplace and
Slidell.
HL-b-400-3 Construct high level plan providing 400-year design level of risk reduction to Southshore

of Lake Pontchartrain, upper Plaquemines, Laplace and Slidell.

C-(Structural
code)

Comprehensive alternatives are noted by a “C-“ in front of the structural alternative code.
Structural alternatives are made comprehensive by adding complementary nonstructural
measures to reduce residual risk in areas without structural risk reduction measures.
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Planning Unit 2 Alternative Descriptions
Note: All nonstructural, structural, and comprehensive alternatives in Planning Unit 2 include a
coastal restoration component (see description of R2 below).

Alternative

Alternative Description

0

No action (without project) alternative.

R1, R2, and
R3

Sustain coastal landscape through restoration including shoreline protection, marsh
creation, and diversions. R1 proposes steady state diversions while R2 proposes pulsed
diversions. R3 is as proposed in the State Master Plan.

NS-100

Implement comprehensive 100-year nonstructural measures.

NS-400

Implement comprehensive 400-year nonstructural measures.

NS-1000

Implement comprehensive 1000-year nonstructural measures.

WBI-100-1

Construct new sector gate on Bayou Barataria to reduce risk on the West Bank.

WBI-400-1

Construct new sector gate on Bayou Barataria to reduce risk on the West Bank. Raise
West Bank and Vicinity and Larose to Golden Meadow levees to 400-year level of risk
reduction.

R-100-2

Construct new sector gate on Bayou Barataria to reduce risk on the West Bank. Extend
West Bank and Vicinity levees to Boutte and construct/raise Lafitte ring levees to 100-year
level of risk reduction.

R-400-2

Construct new sector gate on Bayou Barataria to reduce risk on the West Bank. Extend
West Bank and Vicinity levees to Boutte and raise those levees as well as Larose to
Golden Meadow levees to 400-year level of risk reduction. Construct/raise Lafitte ring
levees to 100-year level of risk reduction.

R-100-3

Construct new sector gate on Bayou Barataria to reduce risk on the West Bank. Extend
West Bank and Vicinity levees to Boutte and construct/raise Lafitte and Des Allemands
ring levees to 100-year level of risk reduction.

R-400-3

Construct new sector gate on Bayou Barataria to reduce risk on the West Bank. Extend
West Bank and Vicinity levees to Boutte and raise those levees as well as Des Allemands
and Larose to Golden Meadow levees to 400-year level of risk reduction. Construct/raise
Lafitte ring levees to 100-year level of risk reduction.

R-100-4

Construct new sector gate on Bayou Barataria to reduce risk on the West Bank.
Construct/raise Lafitte and Des Allemands ring levees to 100-year level of risk reduction
and build new levees around Boutte and up the east side of Bayou Lafourche from Larose
to Highway 90 at the 100-year level of risk reduction.

R-400-4

Construct new sector gate on Bayou Barataria to reduce risk on the West Bank. Extend
West Bank and Vicinity levees to Boutte; extend levees from Larose up Bayou Lafourche
to Highway 90; and raise Des Allemands ring levees to 400-year level of risk reduction.
Construct/raise Lafitte ring levees to 100-year level of risk reduction.

R-1000-4

Construct new sector gate on Bayou Barataria to reduce risk on the West Bank. Extend
West Bank and Vicinity levees to Boutte; extend levees from Larose up Bayou Lafourche
to Highway 90; and raise Des Allemands ring levees to 1000-year level of risk reduction.
Construct/raise Lafitte ring levees to 100-year level of risk reduction.

G-100-1

Similar structural features as PU2-WBI-100-1 but with additional barrier-weir and levees
along the GIWW to reduce risk to areas within the Barataria Basin. Also reduces risk to
the Lafitte area.

G-100-4

Similar structural features as PU2-R-100-4 but with additional barrier-weir and levees
along the GIWW to reduce risk to areas within the Barataria Basin. Also reduces risk to
the Lafitte area.

G-400-4

Similar structural features as PU2-R-400-4 but with additional barrier-weir and levees
along the GIWW to reduce risk to areas within the Barataria Basin. Also reduces risk to
the Lafitte area.
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Alternative Alternative Description
Similar structural features as PU2-R-1000-4 but with additional barrier-weir and levees
G-1000-4 along the GIWW to reduce risk to areas within the Barataria Basin. Also reduces risk to

the Lafitte area.

C-(structural
code)

Comprehensive alternatives are noted by a “C-“ in front of the structural alternative code.
Structural alternatives are made comprehensive by adding complementary nonstructural
measures to reduce residual risk in areas without structural risk reduction measures.

Planning Unit 3a Alternative Descriptions

Note: All nonstructural, structural, and comprehensive alternatives in Planning Unit 3a included
a coastal restoration component (see description of R1 below) for evaluation; however, the
coastal component in this planning unit was not found to contribute to risk reduction so it was
removed from the plans in the final array.

Alternative Alternative Description
0 No action (without project) alternative.
R1 Sustain coastal landscape through restoration including shoreline protection, marsh
creation, and diversions from the Mississippi River.
NS-100 Implement comprehensive 100-year nonstructural measures.
NS-400 Implement comprehensive 400-year nonstructural measures.
NS-1000 Implement comprehensive 1000-year nonstructural measures.
Construct Morganza to the Gulf* levee with extension tying into high ground west of
M-100-1 . g
Morgan City at 100-year design level.
Construct Morganza to the Gulf* levee with tieback to high ground south of Thibodaux
M-100-2 . . .
and ring levee around Morgan City at 100-year design level.
Construct Morganza to the Gulf* levee at the 100-year design level with a second levee
G-400-2 along the GIWW with tieback to high ground south of Thibodaux and ring levee around
Morgan City providing a 400-year level of risk reduction for Houma and Morgan City.
Construct Morganza to the Gulf* levee at the 100-year design level and a second levee
G-1000-2 | along the GIWW with tieback to high ground south of Thibodaux and ring levee around

Morgan City providing a 1000-year level of risk reduction for Houma and Morgan City.

C-(structural
code)

Comprehensive alternatives are noted by a “C-* in front of the structural alternative code.
Structural alternatives are made comprehensive by adding complementary nonstructural
measures to reduce residual risk in areas without structural risk reduction measures.

*Although the Water Resource Development Act 2007 recently authorized the Morganza to the Gulf
project, it is not included in the without project conditions since it was not authorized at the time the
analysis was conducted.
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Planning Unit 3b Alternative Descriptions

Note: All nonstructural, structural, and comprehensive alternatives in Planning Unit 3b included
a coastal restoration component (see description of R1 below) for evaluation; however, the
coastal component in this planning unit was not found to contribute to risk reduction so it was
removed from the plans in the final array.

Alternative Alternative Description
0 No action (without project) alternative.
R1 Sustain coastal landscape through restoration including shoreline protection, marsh

creation, etc.

NS-100 Implement comprehensive 100-year, 400-year or 1000-year nonstructural measures.

NS-400 Implement comprehensive 400-year nonstructural measures.

NS-1000 Implement comprehensive 1000-year nonstructural measures.

G-100-1 Raise ring levee around Patterson/Berwick to 100-year design level and construct levee
along the GIWW west to the boundary of Planning Unit 4 at the 100-year design level.
Raise ring levee around Patterson/Berwick to 100-year design level and construct levee

F-100-1 along the edge of development north of the GIWW to high ground west of Abbeville at the
100-year design level.
Raise ring levee around Patterson/Berwick to 400-year design level and construct levee

F-400-1 along the edge of development north of the GIWW to high ground west of Abbeville at the
400-year design level.
Raise ring levee around Patterson/Berwick to 1000-year design level and construct levee

F-1000-1 along the edge of development north of the GIWW to high ground west of Abbeville at the
1000-year design level.
Raise ring levee around Patterson/Berwick to 100-year design level and construct ring

RL-100-1 levees around Franklin/Baldwin, New Iberia, Erath, Delcambre, and Abbeville at the 100-
year design level.
Raise ring levee around Patterson/Berwick to 400-year design level and construct ring

RL-400-1 levees around Franklin/Baldwin, New lberia, Erath, Delcambre, and Abbeville at the 400-

year design level.

C-(structural
code)

Comprehensive alternatives are noted by a “C-“ in front of the structural alternative code.
Structural alternatives are made comprehensive by adding complementary nonstructural
measures to reduce residual risk in areas without structural risk reduction measures.
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Planning Unit 4 Alternative Descriptions

Note: All nonstructural, structural, and comprehensive alternatives in Planning Unit 4 included a
coastal restoration component (see description of R1 below) for evaluation; however, the
coastal component in this planning unit was not found to contribute to risk reduction so it was
removed from the plans in the final array.

Alternative

Alternative Description

0

No action (without project) alternative.

R1

Sustain coastal landscape through restoration including shoreline protection, marsh
creation, etc.

NS-100

Implement comprehensive 100-year nonstructural measures.

NS-400

Implement comprehensive 400-year nonstructural measures.

NS-1000

Implement comprehensive 1000-year nonstructural measures.

G-100-1

Construct a continuous levee (with gates) along the GIWW plus a ring levee to the west of
the Calcasieu River and a series of levees within Lake Charles to separate the river from
the land at the 100-year design level. Alignment joins with similar alignment in Planning
Unit 3b.

G-100-2

Construct a continuous levee (with gates) along the GIWW plus a ring levee to the west of
the Calcasieu River and a series of levees within Lake Charles to separate the river from
the land at the 100-year design level. Alignment ties to high ground to the west of the
Vermilion River so this alternative can be evaluated as "stand alone" from alternatives in
Planning Unit 3b.

G-400-3

Construct a continuous 12-foot levee (with gates) along the GIWW plus a ring levee to the
west of the Calcasieu River and a series of levees within Lake Charles to separate the
river from the land. Includes small ring levees around parts of Lake Charles, Gueydan,
and Kaplan to provide 400-year level of risk reduction. Alignment ties to high ground to
the west of the Vermilion River so this alternative can be evaluated as "stand alone" from
alternatives in Planning Unit 3b.

G-1000-3

Construct a 12-foot continuous levee (with gates) along the GIWW plus a ring levee to the
west of the Calcasieu River and a series of levees within Lake Charles to separate the
river from the land. Includes small ring levees around parts of Lake Charles, Gueydan,
and Kaplan to provide 1000-year level of risk reduction. Alignment ties to high ground to
the west of the Vermilion River so this alternative can be evaluated as "stand alone" from
alternatives in Planning Unit 3b.

RL-100-1

Construct ring levees to the east and west of Lake Charles; construct a series of levees
within Lake Charles to separate the river from the land; and construct ring levees around
Kaplan and Gueydan to the 100-year design level.

RL-400-1

Construct ring levees to the east and west of Lake Charles; construct a series of levees
within Lake Charles to separate the river from the land; and construct ring levees around
Kaplan and Gueydan to the 400-year design level.

RL-1000-1

Construct ring levees to the east and west of Lake Charles; construct a series of levees
within Lake Charles to separate the river from the land; and construct ring levees around
Kaplan and Gueydan to 1000-year design level.

C-(structural
code)

Comprehensive alternatives are noted by a “C-* in front of the structural alternative code.
Structural alternatives are made comprehensive by adding complementary nonstructural
measures to reduce residual risk in areas without structural risk reduction measures.
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Attachment 2 — Authorized USACE Projects and Studies

Authorized Projects

. . Applicability to
Project Purpose Authorizing Constraints LACPR Final
Document
Array
Planning Unit 1
o e e
Pearl River 200-year River Supplemental . LP-a-100-1 & C-
. . . protection from Pearl
Basin, St. and Hurricane Appropriation Act River above I-10. 11.45- LP-a-100-1
Tammany Flood Protection and WRDA 1986. mile levee svs terﬁ ' Structural Parts
Parish, LA Vicksburg District Y . only
Report headwater and hurricane
P below 1-10.
Lake Standard Project gﬁfcstl?roefla(sii;iis hon- LP-a-100-1 & C-
. Hurricane (circa | HD 231 89" SO LP-a-100-1
Pontchartrain & . . limitations as to extent
. 1969) Risk Chief’s Report Structural Parts
Vicinity (LP&YV) . of coverage for PU 1.
Reduction . only
No coastal restoration.
Mississippi .
River Delta at or 100-yr (circa There will be issues as a Salz i);raill(aggler;lr{[ne
below new YT ¢ HD 550 87" result of flood P
1970) Risk . . of LP-a-100-1 &
Orleans (New . Chief’s Report inducements created by
Reduction C-LP-a-100-1
Orleans to other plans.
Venice)
Flood Control,
Mississippi Mississippi River | Flood Control Act | Historically used flood Contains authority
River & & Tributaries 1927 and many control for Mississippi for Caernarvon
Tributaries Project Design subsequent River headwater runoff | and Bonnet Carre
Mississippi Flood Protection authorizations flood control diversions.
River Levees
Limited to areas affected
4th Reduce storm by navigation, oil/gas,
Supplemental damage through P.L. 109-234, and other channels and Coastal restoration
. . measures to . through mod of the component of final
Risk Reduction Title II, Chapter 3 . .
. reverse wetland Caernarvon Diversion array.
Projects .
losses structure or its
operations.
Louisiana Coastal WRDA 2007, Ecosvstem restoration Coastal restoration
Coastal Area Restoration Title VII, Section onl y component of final
(LCA) 7001 — 7011 Y array.
Coastal
Wetla.n ds P.L. 101-646 Coastal restoration
Planning, Coastal Wetlands only coastal
. . enacted November . component of final
Protection and Restoration 29, 1990) restoration arra
Restoration Act ’ Y
(CWPPRA)
Southeast Interior drainage FY96 Energy and | Limited to Orleans, Nonstructural
Louisiana 10-yr flood Water Jefferson and St. plans (reduce
Urban Flood essentially within | Development Tammany parishes. interior flooding
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. . Applicability to
Project Purpose Authorizing Constraints LACPR Final
Document
Array
Control (SELA) | banks Appropriations USACE Headquarters by increasing
Act (PL 104-46, policy guidance has pump capacity or
Nov 13, 1995 closed new work in raising/removing
Reconnaissance Jefferson and Orleans structures from
Reports; parishes. floodplain.)
WRDA 1996
Planning Unit 2
Stanqard Pro.]ect WRDA 1986 NS-400, WBI-
West Bank & Hurricane (circa Draft EIS. Chief's | None known 100-1, C-WBI-
Vicinity 1979) Hurricane Report ’ 100-1 & C-G-100-
Risk Reduction P 1
>0-yr wave Possible
damage risk . .
reduction. beach consideration for
Grand Isle & erosion C(’m trol HD 132 84" Project limited to the barrier Island and
Vicinity ) Chief’s Report Island of Grand Isle, LA | shore line
Frequency .
analysis (circa restoration for
1969) Coastal features.
Larose to Golden
100-year (circa There will be issues as a | Meadow east
Larose to ) 972}), Hurricane HD 184 89" result of flood levee will require
Golden Meadow Risk Reduction Chief’s Report inducements created by | modification for
other plans C-G-100-1 PU-2.
Mississippi
River Delta at or . . Plaquemine west
. There will be issues as a
below new 100-yr (circa th bank back levees
. HD 550 87 result of flood .
Orleans (New 1970) Risk . . will need to be
. Chief’s Report inducements created by .
Orleans to Reduction other plans raised for
Venice) prans. C-G-100-1
Flood Control,
Mississippi Mississippi River | Flood Control Act | Historically used flood . .
. . . S Contains authority
River & & Tributaries 1927 and many control for Mississippi .

. . . . . for Davis Pond
Tributaries Project Design subsequent River headwater runoff diversion
Mississippi Flood Protection authorizations flood control )

River Levees
Louisiana WRDA 2007, Coastal restoration
Coastal Title VII, Ecosystem restoration component of final
Coastal Area . .
Restoration Section7001 — only. array.
(LCA) 7011
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s Applicability to
Project Purpose Authorizing Constraints LACPR Final
Document
Array
Coastal
Wetla.n ds P.L. 101-646 Coastal restoration
Planning, Coastal Wetlands only coastal
. . enacted November . component of final
Protection and Restoration 29, 1990) restoration arra
Restoration Act ’ Y
(CWPPRA)
Planning Unit 3a
rligl(z_i}?sclzg;wane Project currently being
Morganza to the | currently being WRDA 2007 fii\;?liazii'e;s;l;?dover C-M-100-1 and C-
Gulf of Mexico | reevaluated using | Chief’s Report s . . M-100-2
latest JPM-OS proqected increases in
frequency analysis project costs.
100-year (circa There will be issues as a i/?;;)cslg\fvoviz{tden
Larose to Y . HD 184 89" result Morganza to the .
Golden Meadow 1972) Hurricane Chief’s Report Gulf flooding levee is a part of
Risk Reduction inducements C-M-100-1 and C-
M-100-2.
Fl(.m(.l C,OH_tml’ e Flood Control Act . ..
Mississippi Mississippi River 1927 and Possible tie-in to plans
River & & Tributaries AUMErous to prevent backwater C-M-100-1 & C-
Tributaries, Project Design subsequent flooding east of Morgan | M-100-2
Atchafalaya Flood Protection quen City
Basin, Louisiana authorizations
Morgan City & | Standard Project No local sponsor for Possible
Vicinity Hurricane (circa P.L. 89-298 Morgan City & Franklin | application for C-
Franklin & 1966) Risk Chief’s Report & Vicinity no authority | RL-100-1, C-F-
Vicinity Area Reduction. for nonstructural 100-1 plans

Planning Unit 3b and 4 (no existing project authorities—see study authorities in the following table.)
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Louisiana Coastal Protection and Restoration (LACPR)

Authorized Studies

Final Technical Report

in Morganza Basin

Applicability to
Study Name Purpose Authority Constraints LACPR Final
Array
Planning Unit 1
West Shore . . .
Lake Hurricane House Resolution | Ring levee plan did not NS-100, NS-400,
. . (1971) Senate make the final array of
Pontchartrain Protection . . . . NS-1000
Resolution (1974) | plans in Planning Unit 1
Study
MRGO Coastal restoration
Ecosystem Coastal WRDA 2007 Ecosystem restoration component of final
Restoration Plan | Restoration Section 7013 only. arrap
Feasibility Study Y-
Planning Unit 2
Flood control,
navigation,
wetland
conservation and
restoration,
wildlife habitat,
commercial and NS-400, WBI-
. . None known; under
Donaldsonville recreational . 100-1 (coastal
. House Resolution | study
to the Gulf fishing, prevent (1998) component only),
salt water C-WBI-100-1 &
intrusion and C-G-100-1
promote fresh
water and
sediment
diversion, and
other purposes
Planning Unit 3a
Possible tie-in to plans
Lower Flood Protection to prevent backwater
Atchafalaya S > | P.L. 103-126 pre NS-100, NS-400,
. Navigation and flooding east of Morgan
Basin Environmental Senate Report City. Has authority for | ~o: 1000, €-M-
Reevaluation (1994) Y Y 100-1, C-M-100-2
Study Management nonstructural measures

Planning Unit 3b and 4

Southwest Hurricane q NS-100, NS-400,

Coastal P trotec‘gon an House Resolution | None known; under NS-1000, C-RL-

Louisiana ie‘éﬁi‘tioa;n;fg (2005) study 100-1, C-RL-400-

Feasibility Study 1, C-RL-1000-1
related purposes

Coastwide

Louisiana Protect, preserve,

Coastal Area and restore the WRDA 2007 Must be integrated with | Coastal restoration

Comprehensive | coastal Louisiana | Section 7002 hurricane risk reduction. | components.

Plan ecosystem

Attachment 2 - 4
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