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National Levee Safety Guidelines—A Step Towards
A More Aware, Prepared, and Flood Resilient Nation

The Challenge of Managing Flood Losses

Floodplains have served important functions in human livelihoods for over 200 years. Early
settlements in the United States frequently occurred along waterways due to the many benefits
offered such as navigation for transporting goods and supplies, fertile soils for growing crops,
and access to water for irrigation and household purposes. Developing lands near waterways
had many benefits, but also came with the risk of flooding. For many decades, there have been
public policy discussions and national level studies to identify best practices to mitigate flooding,
while being able to afford the benefits floodplains had to offer.

The principles of the best practices involved:
Creating a national approach.
Improving awareness and understanding of flood risk.
Having timely and relevant data.

Integrating roles and responsibilities.

These basic principles remain applicable today. Over time, progress has been made in these
areas, and the National Levee Safety Guidelines are another successful step towards a more
aware, prepared, and flood resilient nation.

The Importance of Levees in Managing Flood Risk in the U.S.

As flooding continued to result in economic losses and risk to public safety, physical barriers
such as levees became a common measure to help manage the impacts of flooding. From the
early colonial period through the 1920s, levee construction was crude and occurred without the
benefit of modern engineering and maintenance practices. Devastating floods on the Mississippi
and Ohio Rivers spurred congressional response, resulting in the Flood Control Acts of 1917,
1928, and 1936. What followed was the construction of thousands of miles of the nation’s
largest and most robust levee systems.

Today, flooding continues to be a regular hazard faced by many communities. According to the
Federal Emergency Management Agency (FEMA), 99% of U.S. counties were impacted by a
flooding event between 1996 and 2019." There are about 2,400 communities with over 23
million people who depend on levees to help manage the impacts of potential flooding to assets
such as hospitals, fire and police stations, roads, water treatment plants, and power stations.
The value of properties being protected by flood control measures is approximated at nearly
$2.4 trillion (Figure 1).2

' https://www.fema.gov/data-visualization/historical-flood-risk-and-costs.
2 The numbers in Figure 1 have been rounded based on data obtained from the National Levee Database in October
2023.
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Figure 1: People and Infrastructure Behind Levees

BEHIND THE LEVEES

Quick Takes (Approximated) Source: National Levee Database — October 2023
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Although levees are built for the same overall purpose of flood risk
reduction, they vary in scale and level of benefits provided—uwith
some providing secondary benefits such as recreation in the form of
walking and biking trails. For example, some levees were built to
benefit urban communities such as the 35-mile Sacramento Levee,
which reduces flood risk to over 380,000 people and $6.7 billion of
property value.? Other levees provide benefits to smaller, rural
communities such as the 2.29-mile Red Oak Levee in lowa, where
there are just over 2,300 residents.4

Levees located along the Mississippi River provide flood risk

reduction benefits to millions of acres of farmland that produce billions

of dollars’ worth of agricultural commaodities.

WHAT IS A LEVEE?

A levee is defined as:

e A human-made barrier with
the primary purpose to
provide flood risk reduction

to a portion of the floodplain.

Infrastructure that does not
constitute a barrier across a
watercourse (i.e., is not a
dam).

Whether simple or complex, levees provide important flood risk benefits across the nation and
will continue to do so as the climate changes and the need to remain adaptive to the dynamic

nature of floodplains continues to evolve.

Why We Need a Common Approach

Periodic flood events continue to highlight the importance of levees. The understanding of the

state of levees today is:

Much of the levee infrastructure is decades old and was built without the benefit of

modern engineering practices.

Levees are designed, constructed, and managed by various entities, utilizing different

processes and standards.

Development continues to intensify behind levees, putting more reliance on the levees’
ability to perform and the consideration of other means, such as evacuation and land-

use planning, for managing flood risk.

There is no central resource for evolving engineering
practices, training, or technology related to levees.

Much of the public remains unaware of their flood risks and
the important role a levee plays in their community’s
resilience.

To address the need to improve the awareness and management
of levees across the U.S., Congress enacted 33 U.S. Code Chapter
46, entitled the National Levee Safety Program. The foundation for
moving the nation towards a common understanding and practices
for levees starts with the National Levee Safety Guidelines.

NATIONAL LEVEE
SAFETY PROGRAM

For more information about the
National Levee Safety Program,
including tools and resources being
developed for all stakeholders

across the nation in promoting
consistent levee management,
reducing flooding impacts, and
increasing community resilience in
areas behind levees, visit

www.Ieveesafet.or.

3 National Levee Database, 2022: https://nld.sec.usace.army.mil/levees/5205000441.
4 National Levee Database, 2022: https://nld.sec.usace.army.mil/levees/4705000023.
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Guidelines: A Significant Step Towards National
Consistency

Overview of the National Levee Safety Guidelines

The National Levee Safety Guidelines, which are part of the larger National Levee Safety
Program, are a resource of best practices to help achieve nationwide consistency in improving
the reliability of levees and resilience of communities behind levees throughout the U.S. The
intent of the guidelines is for:

+ Levee owner/operators to have a common resource of best practices for all phases in
the life of a levee.

¢ Local officials and communities to have a common resource for best practices in levee
risk management in the context of broader flood risk, emergency management, and
enhanced community resilience.

e The private sector to have an available reference document for levee-related activities.

o Federal, state, regional, and tribal organizations to use in association with their levee
safety programs.

The guidelines are intended to apply to all aspects of traditional levee management: planning,
site investigation, design, construction, operation and maintenance, and potential setback or
removal. The content ranges from explaining basic terminology to more complex engineering
concepts. Each chapter is expressed as a series of best practices that include an explanation of
the underlying principles and how the best practices contribute to levee safety using examples,
case studies, methodologies, and tools. These best practices were collected and consolidated
from a review of publications that were broadly used and accepted, along with input from
subject matter experts and practitioners.

The guidelines attempt to present the most current and advanced information in a manner that
is as useful as possible to the widest number of stakeholders and situations. Many of the
practices are somewhat general in nature or are presented with different options to be scalable
and adaptable to each unique circumstance.

Guidelines: A Significant Step Towards National Consistency - DRAFT 4
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Guidelines Scope and Principles

The scope of the National Levee Safety Guidelines is intentionally broad, including not only best
practices for activities on the levee itself (e.g., design, construction, maintenance), but best
practices associated with other important opportunities for flood risk management as they exist
within a larger community context. The guidelines recognize the following:

Where life safety is a
concern, effective
emergency planning and
evacuation is crucial.

Flood risk is not equally
distributed across the
nation. Some communities
behind levees or in areas
historically prone to
flooding face
disproportionate burdens in
preparing for, responding
to, and recovering from
flooding.

Managing land use behind
a levee, floodproofing, or
elevating buildings or
critical infrastructure may be effective if considered in conjunction with levees, especially
where they can be expected to overtop.

Education and outreach help people know what to do in case of an emergency, reduce
potential flood damage to their property, and support investment in levee maintenance.

These important concepts were considered along with the following guiding principles when
developing the best practices in the guidelines:

Life safety is the most important consideration.

Levee safety is a shared responsibility. This means all levels of government (federal,
state, tribal, local) work together to assist communities with reducing flood damages and
promoting sound flood risk management using policies, programs, and inclusive
engagement. In addition, individuals have a responsibility to know their flood risk and if
possible, take action to reduce that risk.

Levees should exist in balance with social, environmental, cultural, and economic
interests within the floodplain.

Levee risk should not contribute significantly to the overall flood risk.

Transparent, proactive, and continuous communication and engagement is essential.

In addition to these principles, the guidelines rely on risk-informed approaches, taking into
consideration all available information related to the likelihood of a hazard occurring, the

5
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anticipated performance of the levee in the face of a hazard, and the susceptibility of people and
property that may be in harm’s way.

It is important to determine all the potential ways a levee might breach or overtop, how likely
these scenarios are to occur, and the potential impacts on the community. This level of
knowledge and understanding can help inform the prioritization of activities leading to more
complete, transparent, and informed decisions.

Cross-Cutting Topics

Throughout the development of the
guidelines, three cross-cutting topics of
national importance were identified and
incorporated across every chapter, as
applicable.

Adapting to Climate Change

The U.S. has seen significant shifts in large
weather patterns over the last decades, and
levees are vulnerable to these shifts in a
variety of ways. It is critical that levee
owner/operators, regulators, and professionals evaluating and designing levees understand the
shifting trends in climate threats in their region, monitor those trends over the life of the levee,
and adapt to evolving conditions. This publication considers various climate threats, their
potential to impact levees, and projected national trends for each phase of the levee lifecycle.
Best practices are conveyed in relevant chapters of the guidelines to highlight situations where
traditional levee management actions might be altered because of climate threats.

Considering Underserved Communities

Disasters like floods do not affect all communities or individuals in the same way. Due to a
variety of social, economic, or other factors, communities can face different barriers to preparing
for, responding to, or recovering from flooding. Often, these barriers include not having access
to relevant services or information or not having meaningful opportunities to participate in the
decision-making processes. Throughout the guidelines, best practices promote fair treatment
and meaningful involvement during various stages of the life of a levee, including engaging
communities and developing community-based flood resilience strategies.

Incorporating Natural and Nature-Based Solutions

Floodplains are lowlands adjacent to natural water sources and serve important functions by
providing habitat for wildlife, hosting spawning areas for many species of fish, improving water
quality, controlling water temperature, and helping recharge underground aquifers. To the extent
practicable, the guidelines incorporate best practices to retain these floodplain functions, reduce
environmental impacts, and reduce the impacts of flooding.

Guidelines: A Significant Step Towards National Consistency - DRAFT 6
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Updating the Guidelines

Over time, it will be necessary to update the National Levee Safety Guidelines. Periodic updates
may be based on any of the following:

Suggested improvements from stakeholders, including the need for additional tools or
materials.

Advances in science and technology, including when the profession adopts a new best
practice or updates an existing best practice.

Changes in legislation.

As technical advancements, publications, and applications of levee-related work continue to
grow, the National Levee Safety Program is committed to updating these guidelines and
developing additional technical aids and tools, as necessary, to further advance the state of the
practice and implementation of the National Levee Safety Guidelines. To provide feedback on
the guidelines, visit www.leveesafety.org.
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1 Navigating the National Levee Safety Guidelines

1.1 Intended Users

The intended users of the National Levee Safety Guidelines are intentionally broad, recognizing
that it takes a community approach to manage levee risk. Because levees are visible in the
community landscape and integrated into floodplain management, land use, and emergency
management activities at the state and community level, the entities that need to be involved in
managing levee risk in a community can be numerous.

The expansive scope of the guidelines is intended for use by many different people, each with
their own unique mix of authorities, responsibilities, and capabilities. The distribution of levee
risk management responsibilities varies significantly across the nation. For example, some
owner/operators have narrow authorities focused only on daily maintenance, while others are
states, cities, and counties with broad responsibilities in land use, floodplain planning, and
delivery of public services. For this reason, users of the guidelines are described mainly by their
responsibilities.

The target audience for the National Levee Safety Guidelines includes:

Levee owner/operators: Those typically responsible for the operations, maintenance,
and management decisions on levees. These owner/operators may be federal, tribal,
state, territorial, regional, or private operators. For simplicity, the guidelines refer to these
professionals as owner/operators, though it is recognized that not all owners have the
responsibility for the day-to-day operation and maintenance (O&M) of levee
infrastructure, and likewise not all those responsible for O&M have ownership of the
infrastructure.

Emergency managers: An interconnected group of local, state, tribal, and federal
professionals responsible for flood preparedness, response, recovery, and/or mitigation
near or behind levees.

Local community officials: This group includes those with responsibility and authority
for land use and floodplain management, overall public safety, and emergency planning
and management.

Levee planners: Professionals who conduct or provide services to support
owner/operators, agencies, and communities in formulating a levee project.

Levee designers: Professionals who conduct or provide services to support
owner/operators, agencies, and communities in the full-scale design of a levee project
and associated features.

Levee constructors: Professionals who conduct or provide services to support
owner/operators, agencies, and communities through the entire construction process
including preparation, construction, and closeout.

Risk estimators: Professionals with the expertise, knowledge, and experience to
perform a levee risk assessment (e.g., qualitative, semi-quantitative, quantitative).

Navigating the National Levee Safety Guidelines - DRAFT 1
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Land use managers: Those with responsibility for ensuring land use is compliant with
regulations, making suggestions for sustainable use, and researching the impact of
development.

Floodplain managers: Those with responsibility for administering local flood damage
reduction regulations, as well as promoting and ensuring sound land use development in
floodplain areas to promote the health and safety of the public, minimize loss of life and
property, and reduce economic losses caused by flood damages.

Permit reviewersl/issuers: Federal, tribal, state, territorial, regional, and local agencies
with regulatory authority for activities related to levees or floodplains.

Professional communicators: A wide range of individuals who may have a role in
communicating and engaging with communities about flood and/or levee-related risk
(e.g., public affairs/outreach professionals, local leaders, floodplain managers,
emergency managers, regulators, levee owner/operators, governmental officials,
technical professionals, non-governmental, and non-profit organizations).

The guidelines cover every aspect of the levee—from deciding whether a levee is the right
choice for a flood risk reduction strategy to operating and maintaining a levee to removing a
levee that no longer meets a community’s needs. Some readers will be interested in certain
chapters more than others depending on their role in levee safety. To assist the reader in
knowing what chapters are the most important to them, the following table was developed
based on common roles (Table 1).

2 DRAFT - Navigating the National Levee Safety Guidelines
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Table 1: National Levee Safety Guidelines—User Topics of Interest

Audience * Reader * Role

Chapter

Levee owner/
operator

Managing
Flood Risk

Understanding Levee
Fundamentals

Engaging
Communities

Estimating
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1.2 Structure and Content

Throughout the guidelines, various features have been added to increase the ease of navigation
and readability for users. Features include color-coded chapter themes; graphics, images, and
key messages; and callout boxes and case studies.

1.2.1 Chapter Themes

Each chapter within the guidelines focuses on a specific topic and is represented by a colored
icon. The icon colors represent themes and allow the reader to quickly determine which
chapters are similar in topic.

Purple: Communities and resilience

Orange: Risk concepts

Green: Levee infrastructure

Yellow: Levee management

Table 2 provides a high-level description of each chapter within the guidelines and its
associated theme.

Table 2: Chapter Descriptions and Themes

Chapters

Chapter 1:
Managing
Flood Risk

Chapter 2:
Understanding
Levee
Fundamentals

Chapter 3:
Engaging
Communities

Chapter 4:
Estimating
Levee Risk

Description

Describes the sources of flooding and the
contribution of various measures, including
levees, to reduce risk. Explains the basic
steps in a flood risk management strategy
and describes the relationship between flood
and levee risk.

Provides basic terminology and background
information that is pertinent to all other topics
within the guidelines. It helps provide
consistency for public awareness efforts and
training materials.

Explains the approach for engaging
communities during the life of the levee.

Explains basic risk concepts and describes
principles and best practices related to risk
assessments.

g

Theme

Communities and
resilience

Levee infrastructure

Communities and
resilience

Risk concepts

DRAFT - Navigating the National Levee Safety Guidelines



Chapters

Chapter 5:
Managing
Levee Risk

Chapter 6:
Formulating a
Levee Project

Chapter 7:
Designing a
Levee

Chapter 8:
Constructing a
Levee

Chapter 9:
Operating and
Maintaining a
Levee

Chapter 10:
Managing
Levee
Emergencies

Chapter 11:
Reconnecting
the Floodplain

Chapter 12:
Enhancing
Community
Resilience

National Levee Safety Guidelines | Navigating the Guidelines

Description

Outlines levee risk management principles,
highlighting responsibilities, and providing
guidance on key decisions and management
actions for each phase of the life of the levee.

Describes the principles and practices of
planning any levee project (new, repair,
rehabilitation, modification, removal).

Describes the underlying principles and
design procedures for any levee project.

Addresses the levee construction process
including best practices to use prior to, during,
and at the end of levee construction. It
emphasizes practices that promote good
levee performance, resilience, and
serviceability.

Provides guidance for operating and
maintaining levee features and developing an
operations and maintenance plan.

Provides information on preparing, managing,
operating, and recovering from a levee
emergency.

Describes the reasoning behind levee
setback or removal and provides information
on factors that should be considered during
the planning, design, and construction
phases.

Provides a roadmap to improve a
community’s resilience to flooding through an
iterative process.

Navigating the National Levee Safety Guidelines - DRAFT
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Risk concepts

Levee infrastructure

Levee infrastructure

Levee infrastructure

Levee management

Levee management

Levee infrastructure

Communities and
resilience
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1.2.2 Graphics, Images, and Key Messages

Each chapter begins with an illustration showing the interconnectedness of the community
within a watershed. Certain features or concepts that are discussed within the chapter are
highlighted on the community watershed graphic. For example, Chapter 1 discusses the
sources of flooding and consequences; therefore, these elements are highlighted on the
community illustration (Figure 1). Throughout each chapter, additional graphics and images
have been carefully designed and selected to help visually reinforce key concepts for the
reader. It should be noted that graphics and illustrations used throughout the guidelines are
intended to describe levee features and processes at a high level and should not be used for
detailed design or construction purposes.

In addition, each chapter provides a series of key messages. These short, concise statements
reflect important points of information that readers can expect to learn or understand after
reading the chapter (Figure 1).

Figure 1: Example Community Watershed Graphic/Key Messages for Chapter 1

Managing
Flood Risk

= Key Messages

= Understand flood risk components. Flood he combination of the
likelihood of flooding and tr

anaging flood risk

= Plan for risk changes. Flood risk changes over time due to numerous factors.

1.2.2.1 Iconography

In the final, interactive version of the guidelines, readers will notice several reoccurring icons to
highlight specific content or provide additional information (Figure 2). Please note, these icons
will not be present in this draft delivery.
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Figure 2: National Levee Safety Guidelines Iconography

These bolded terms found

throughout the chapters point
readers to the glossary with more

details on the specific term.

Calls readers’ attention to a
best practice or key
message.

\"I
- -
- -
4 \

Points readers to a key
resource with additional
information or guidance.

1.2.3 Callout Boxes and Case Studies

Throughout the guidelines, there is wide use of callout boxes and case studies to help enhance
the reader’s understanding of principles and best practices (Figure 3). Callout boxes provide
supplemental resources such as websites, programs, and guidance. Case studies highlight best
practices that are being successfully implemented by stakeholders across the country.

Navigating the National Levee Safety Guidelines - DRAFT 7
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Figure 3: Example Chapter Content with Callout Boxes and Case Studies

CASE STUDY: IMPORTANCE OF PIPE
MAINTENANCE AND REPAIR

Fallure to adequately maintain, or quickly repair gravity pipes can lead to dangerous
situations, as the following sequence of events lllustrates. During high water in 2013, a
54-inch diameter corrugated metal pipe failed on alevee that runs along a tributary of the
Mississippi River. The first sign of a potential breach was the appearance of a sinkhole
formed mid-slope paired witha

Early attempts to stabilize d ituations. A truck
attempted to approach the sinkhole vith repair materials but sunk into the damaged levee
and was pulled back out. Rock trucks then arrived on site and began placing rock at the
crown, while a bulldozer pushed material into the vortex area. While this was successful in
choking off the flow, by the next morning a sinkhole had formed in the crown, just where
the numerous dump trucks and bulldozers had been working the previous day. The new
sinkhole was rock-filled to the top elevation of the crown. During these efforts, a third
sinkhole formed near the crown,

Due tolimited funding and weather restrictions, replacement of the failed pipe did not

begin until the fall of 2015. Th for thi pen whena fiood

began that winter, creating a second ftuation,

quickly placed in the excavation to restore the levee, but the material quickly began to
lough and erod to protect d regular

surveys of pleted to assess the likelihood rtopping. The

levee was maintained throughout the flood and the 54-inch corrugated metal pipe was.
successfully replaced n the fall of 2016

d timely pipe Inspecti could have prevented the

emergency situation in 2013, of the pips could have p
the second emergency which occurredin 2015.

(a) Sinkhole caused by a buried pipe failure. (b and c) 2013 emergency levee repairs at a pipe failure along
the Mississippi River. (d) The second pipe failure a few years later at the same Mississippis River site.

35.1.1.1 | Joint Integrity

Joints along gravity pipes resist infiltration
and exfiltration, accommodate lateral

and longitudinal movements, and provide
hydraulic continuity. Pipe joints include
concrete oints, neoprene sleeves, rubber O
rings, gaskets, and steel end rings.

Joint inspections look for damage to joint
filler material, signs of pipe separation, and
root intrusion through the joint

Joint maintenance and repair will vary by
Joint type, accessibility, and pipe material.In
general, exposed joints that fail may need

to be disassembled and replaced. Refer to
levee O&M manuals and manufacturer's
Instructions for specific malntenance and
replacement considerations, but a few good
practices include:

« Inaddition to routine inspections,
in regions that experience freezing
ground, schedule pipe joint inspections
to look for signs of pipe separation
during cold periods.

Root intrusion through joints should
be repalred by removing all roots that
have penetrated the joints, addressing
associated vegetation on the levee
embankment above the impacted joint
areas, In addition and repalring defects
in the pipe.

In concrete pipes, joint separation may
require complete pipe replacement.
When the degree of separation is
minimal, slip lining using trenchless
technology o pressure grouting

may be adequate to limit further
deterioration. Open cut methods may
be needed if the degree of separation
is large or erosion of pipe backfill
materials is occurring.

Examples of corrosion on a pipe's surface and corrosion
leading to pipe damage.

National Levee Safety Guidelines © index | | Operating and Maintaining a Levee

1.2.4 References

Many reference materials are provided to readers to serve as guidance throughout the
guidelines. These sources are cited within the body of the chapter with the name of the
author(s) followed by the date of publication. All other publication details will be provided in the
references list at the end of the guidelines. Regardless of the manual or document cited,
readers should always use the latest version available, as applicable.

In addition to the references list, a repository of select resources will be available for download
at an external website in the final, interactive version of the guidelines.
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Managing
Flood Risk

Key Messages

This chapter will enable the reader to:

* Understand flood risk components. Flood risk is the combination of the likelihood of
flooding and the associated consequences.

* Recognize flood risk sources. Flood risk is dynamic and may result from high river
flows, coastal storms, direct rainfall, and/or groundwater.

* Know your options. Levees comprise one of many options to manage flood risk.

* Engage. Community engagement is important when managing flood risk.

¢ Plan for risk changes. Flood risk changes over time due to numerous factors.
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Other chapters within the National Levee Safety Guidelines contain more detailed information on
certain topics that have an impact on managing flood risk, as shown in Figure 1-1. Elements of
those chapters were considered and referenced in the development of this chapter and should be
referred to for additional content.

Figure 1-1: Related Chapter Content

cws i [one &

Managing Engaging to build Estimating
Flood Risk knowledge and hazards
awareness Estimating
consequences
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Flood risk versus Levee-related Resilient
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reducing risk approaches
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Flood risk
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1 Introduction

As communities, industry, and people in the United States build, work, live, and play in and
around our nation’s rivers and coastlines, flooding results in flood loss and flood damage. Nearly
25 million properties are at risk to flooding with over 5 million structures situated behind levees
or other flood risk reduction infrastructure. With almost $2 trillion in damages due to flooding in
the U.S. since 1980 (Smith, 2020), a better understanding of the risks to flooding along streams,
rivers, lakes and coastlines must be gained and a national approach is needed. This national
approach should seek to raise awareness, increase preparedness, and create a more resilient
nation. This chapter serves as a primer for those interested in the concepts of flood risk and its
management, with a target audience of not only leveed communities at risk of flooding, but also
levee owners/operators and stakeholders impacted by levees and other flood risk reduction
infrastructure. Flood risk management is described within the
chapter in a manner such that a reader who is unfamiliar with the
topic is able to understand the concept.

RISK

Risk is therefore one of the main concepts presented in this chapter, sl = e R @i g e sl
. . . and conseauences

more specifically flood risk. Flood risk can be understood as the

combination of the probability (or likelihood) of a location being

flooded and the associated consequences (life loss, property damage, etc.). The probability of

flooding includes the likelihood of hazard occurrence combined with the likelihood of the

performance of the flood reduction infrastructure against that hazard. Thus, there are three key

components of flood risk: hazard, performance, and consequence, as shown in Figure 1-2.

Figure 1-2: Components of Risk

HAZARDS PERFORMANCE CONSEQUENCES

How will the urban
What are the hazards surfaces, fields, drains, Who and what are in harm’s way?

and how likely are they channels, flood storage, How susceptible to harm are they?
to occur? levees, floodplains, etc. How much harm is caused?

perform?

COMPONENTS OF RISK
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Flood risks resulting from high river flows, coastal storms, direct rainfall, and/or groundwater are
faced by many communities in our nation. Communities employ different methods to identify
and manage the impacts of those risks through various risk reduction strategies. These include:

Structural measures such as dams, levees, floodwalls/seawalls, diversion channels, and
other physical modifications which alter the characteristics of floods and are designed to
reduce the probability of flooding in the location of interest.

Nonstructural measures such as floodproofing or zoning which are generally aimed at
altering the impact or consequences of flooding and may have little impact on the
characteristics of the flood itself.

Levees are one of many ways to manage flood risk. This chapter sets a broad context for the
use of levees as a flood risk reduction measure, describing how levees fit into the bigger picture.
The decision to build a levee should be based on the knowledge that a levee does not eliminate
the risk of flooding, but if implemented well, it can reduce the risk of flooding.

Flood risk is dynamic over time and influenced by many factors, including climate change, aging
levees, and community growth. Communities should continually re-evaluate their flood risk and
the effectiveness of the methods they have chosen to manage it, including levee maintenance
and improvement.

These guidelines focus on the flood risk management option of designing, constructing, and
maintaining levees with complementing topics described in Figure 1-1. The remaining chapters
guide the reader through each phase of the levee lifecycle and address essential activities such
as engaging the community and enhancing community resilience.

2 Understanding the Basics of Flood Risk

Floods can negatively affect communities in many ways, including disruption of essential
services like roads, power stations, healthcare facilities, and water/wastewater treatment
facilities; closure of businesses leading to economic losses; and damage to homes causing
displacement of residents either temporarily or permanently, depending on the severity of
damage. For communities to better prepare for potential flooding with the overall goal of
reducing these effects, it is important to understand the connection of the various types of
flooding (e.g., from rivers, direct rainfall, groundwater, or from the sea) to the larger context.
Since these guidelines are related to the use of levees to manage flood risk, the focus is mainly
on river and coastal flooding.

2.1 Watersheds

To understand the potential flooding risk posed to the community, it is important to understand
the impact localized activities and drainage area characteristics may have on the watershed or
watersheds that encompass a community. A watershed is a land area that channels rainfall and
snowmelt to creeks, streams, rivers, and eventually outflow points such as reservoirs, bays, and
the ocean. The size of a watershed (also called a drainage basin or catchment) is defined via a
heirarchy of scales. Depending on the scale of interest, watersheds can be small, such as that
of a single small creek, or they can be very large, such as the watershed of a big river that
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includes many streams, tributaries, and reservoirs. The separation between watersheds is
known as the watershed divide (Figure 1-3).

Figure 1-3: Sample Watershed

WATERSHED WATERSHED
DIVIDE DIVIDE

Individual watersheds within the U.S. may be located through an interactive U.S. geological
survey map starting with the selection of a water resource region (Figure 1-4). The U.S. and
Caribbean are currently divided into 22 regions, 223 sub-regions, 387 basins, 2,318 sub-basins,
18,586 watersheds, and 101,534 sub-watersheds.

Figure 1-4: Water Resource Regions to Watersheds

The flooding potential for a community near a river or other bodies of water, is influenced by the
characteristics and the activities within its respective watershed(s). Having knowledge of
development activities within the watershed, while understanding how human influences are
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changing the watershed’s characteristics, is important because localized activities may impact
other areas. For riverine watersheds, impacts may be realized upstream or downstream of a
community or point of interest. For example, increased development and urbanization within a
watershed may decrease the ground’s ability to retain water and subsequently increase flooding
downstream of the development. Additionally, the construction of a new levee may reduce flood
storage within the floodplain and increase water surface elevations upstream of the levee.
Reducing storage will also pass higher peak discharge rates and discharge volumes
downstream which could also increase flood elevations downstream of the levee.

Some watersheds ultimately outlet to coastal areas including oceans and large lakes. For these
instances, impacts within the watersheds should also take into account the interaction between
the coastal floodplain and the rest of the watershed. Coastal floodplains comprise the areas
adjacent to the water body affected by the upstream extent of tidal influence, including
estuaries, beaches, nearshore waters, and offshore waters (Figure 1-5). They traditionally
encompass a large area, the focus being the shorelines that are subject to high water, waves,
and winds. Coastal floodplains warrant their own field of study describing coastal processes and
dynamic changes. Smaller units within these areas are defined in other ways, for example
linked to the commonality of coastal behaviors or to adjoining riverine watersheds and
associated riverine flooding. Additional discussion of coastal flooding and coastal floodplains is
included in section 2.3.2.

Figure 1-5: Example of Coastal Floodplain

(a) Watershed along California's central coast in Carmel, California; March 2023. (b) Carmel River flowing to the
Pacific Ocean in Carmel, California; March 2023.

2.2 Floodplains

During a flood, rainfall, snowmelt, and groundwater will naturally accumulate at the lowest points
within the watershed that coincide with streams, rivers, lakes, and estuaries. These bodies of
water can retain a set amount of flow or volume with excess accumulations overflowing into
adjacent floodplains. A floodplain is any land area susceptible to being inundated by floodwaters
from any source. Communities should be aware of the location and characterization of the
floodplains within their jurisdictions to minimize development thereby decreasing future flood
risk. Representative floodplain layouts for rivers and coasts are shown in Figure 1-6.
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Figure 1-6: Floodplain Layout

NORMAL CONDITIONS FLOOD CONDITIONS

NORMAL CONDITIONS FLOOD CONDITIONS

Determination of the floodplain boundary can be challenging and subject to judgment in areas of
flat terrain. Some federal, state, and local agencies have identified floodplains as regulatory and
their delineation of the boundary serves as the best available data for use in identifying and
mitigating developments in floodplains. For example, the Federal Emergency Management
Agency (FEMA) has published several products including Flood Insurance Rate Maps, which
identify floodplains for the areas that will be inundated during flood events equal to or greater
than the events having a 1% or 0.2% chance of occurring in any given year.

2.3 Flood Hazards

The flood hazards that may impact a community can be broken down into four categories, as
shown in Figure 1-7:

Figure 1-7: Sources of Flooding

OO

Riverine Coastal Rainfall Groundwater
(Fluvial) (Pluvial)

Understanding the Basics of Flood Risk - DRAFT 1-5



National Levee Safety Guidelines | 1: Managing Flood Risk

These flooding sources may act independently or in conjunction with one another (i.e.,
compound flooding). Though compound flooding is not itself an independent source of flooding,
it is prevalent where two flooding sources intersect. Compound flooding is described further in
section 2.3.5.

2.3.1 Riverine Flooding (Fluvial)

The most commonly understood and quantified source of flood inundation is riverine flooding.
When rain falls on land, it either infiltrates into the ground or it runs off along the surface, which
is commonly referred to as surface runoff. Surface runoff will naturally seek the lowest elevation
of the terrain to continue to flow, or in some cases pool in low-lying areas. Rivers form from the
collection of surface runoff with water moving from a higher elevation to a lower elevation due to
gravity. Riverine (or fluvial) flooding is defined as an event that occurs when the water level in
a river, lake, or stream rises and overflows onto the surrounding banks, shores, and neighboring
land (Figure 1-8 and Figure 1-9). The water level rise could be due to excessive rain, snowmelt,
or ice jams. Riverine flooding can also be in the form of overland flooding or flash flooding.

Lakes may be categorized as riverine or coastal depending on the size and flooding
characteristics of the lake. Most lakes are considered riverine flooding sources, but larger lakes
(e.g., Great Lakes) where wave action and setup are impactful, are considered coastal flood
hazards.

Figure 1-8: Riverine Flooding

RIVERINE (FLUVIAL) FLOODING
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%"=, Excessive rain .
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Figure 1-9: Example of Riverine Flooding

Riverine flooding in the community of Hardin, Illinois, looking east to the area that flooded from the Nutwood Levee
breach during the spring 2019 flood on the Mississippi River.

2.3.2 Coastal Flooding

Coastal flooding occurs when exposed coastlines are submerged by water from large bodies
of open-water such as oceans, gulfs, bays, or large lakes (Figure 1-10). Common causes
include high water levels, wind, waves, storm surge, sea level rise, and tsunamis (FEMA, 2023).
The degree and severity of flooding depends on the intensity of the event in combination with
other factors. As an example, if a storm surge coincides with a high tide event, the resulting
coastal flooding is extensive (Figure 1-11). Likewise, most coastal storm events are comprised
of multiple contributors (e.g., waves, surge, rainfall, wind, etc.) creating a more severe flood
situation.

Figure 1-10: Coastal Flooding

COASTAL FLOODING
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Figure 1-11: Example of Coastal Flooding

Destructive impact of coastal storm surges resulted from Hurricane Harvey in Kemah, Texas; August 2017.

2.3.3 Rainfall Flooding (Pluvial)

Rainfall (pluvial) flooding can be defined as an event that is caused by persistent, heavy
rainfall and independent of an overflowing water body, occurring when the ground cannot
absorb rainwater effectively or when drainage systems are overwhelmed by excessive water
flow (Figure 1-12). These events can sometimes be categorized as urban flooding or flash
flooding. This flooding source is normally independent of a water body with occurrence
dependent on storm intensity and therefore not always easily identifiable or understood. Areas
of rainfall flooding are traditionally associated with localized topographical depressions, poorly
drained soils, areas with poor or undersized drainage systems, or areas with high water tables.

Figure 1-12: Rainfall Flooding
RAINFALL (PLUVIAL) FLOODING
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Rainfall flooding is most prominent in urban areas with higher percentages of impervious
surfaces which do not allow the penetration of water, and inadequate drainage and/or drainage
systems. These conditions may not always be obvious until the flooding occurs. Anticipating and
quantifying the areas at risk of rainfall flooding leverages similar tools as riverine flooding,
including historical observation and modeling described in section 2.3.6. One challenge
identifying urban flooding is that it can be exacerbated locally due to storm drain obstructions or
other problems that are difficult to predict.

2.3.4 Groundwater Flooding

Groundwater flooding is the emergence of groundwater at the ground surface (Figure 1-13). It
can occur in a variety of geological settings including valleys in areas underlain by permeable
rocks (such as chalk), and in river valleys with thick deposits of alluvium (e.g., clay, silt, sand,
and gravel deposits left behind by flowing streams) and river gravels. Groundwater flooding
happens in response to a combination of already high groundwater levels—usually during mid
or late winter due to snowmelt and higher precipitation—and intense or unusually lengthy
storms. Groundwater flooding often lasts much longer than flooding caused by a river
overflowing its banks. It may last many months and can cause significant social and economic
disruption to the affected areas.

Figure 1-13: Groundwater Flooding

GROUNDWATER FLOODING

Water seeps through
saturated ground

Heavy rainfall

Groundwater
levels rise

Water enters cellars or comes
up above the surface

2.3.5 Compound Flooding

Compound flooding refers to a phenomenon in which two or more sources contribute to
inundation, simultaneously or within a short period of time (Characterization and Modeling of
Compound Flooding Events and Their Environmental Impacts, 2021). Typical examples include
inundation as a result of coastal storm surge, riverine and rainfall flooding (i.e., flash flood), and
coincident flooding at the confluence of two rivers or streams. When identifying and quantifying
the sources of flooding, it is helpful to take into account the interaction of these different
sources.

2.3.6 Evaluation of Flood Hazards and Resultant Flooding

Once the flood hazards have been identified, comprehending the subsequent risks posed on the
community requires further understanding of the magnitude and frequency associated with each

Understanding the Basics of Flood Risk - DRAFT 1-9
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flooding source. Methods to understand and evaluate the resultant flooding of the community
are described in Chapter 4, but generally involve the use of historical observations of past
flooding occurrences along with hydrologic and hydraulic modeling to simulate the likely range
of future events.

Historical observations include results from dedicated instruments strategically placed
in or near a flooding source, such as stream or tidal gauges, high water marks on
buildings, and photographs of flooding or debris lines. Trends in these observations can
also inform flood modeling and mapping activities. Historical observations can be utilized
to calibrate hydrologic and hydraulic models to historic rainfall events, thereby improving
model accuracy. However, historical events are not necessarily good predictors of the
future, given factors such as climate change, hydrologic variability, channelization,
changes in development or land use, and geomorphic processes.

Hydrologic and hydraulic modeling simulates the conditions of a flood event involving
various parameters to estimate the flood risk for a given area. Hydrologic modeling
pertains to the analysis of the rainfall and surface water, in particular its movement in
relation to land. Hydraulic modeling evaluates how flood water will move within a system
in response to flood hazards of differing magnitudes, taking account of the performance
of the flood risk management infrastructure. Models should account for the full range of
expected flood conditions and may need to account for changes in flood magnitudes
under future climate regimes.

2.4 Consequences of Flooding

Consequences of flooding may be either direct or indirect. Direct consequences are readily
observed and specific, such as flood damage to residences or other structures. Indirect
consequences may be less tangible, such as short- or long-term health or quality of life impacts
borne by displaced community members. Consequences are exacerbated when zoning allows
low lying, flood prone areas to be zoned residential. They are also exacerbated in low lying
areas when mixed zoning—residential with commercial and/or industrial—is allowed. Whether
direct or indirect, flood consequences are often times inequitably distributed with those
populations most at risk bearing the most consequence. Consequences may commonly be
grouped into several broad categories, including, but not limited to:

Life, health, and safety impacts including loss of life, short- or long-term physical or
mental health effects, and issues such as raw sewage, leaked toxic chemicals, runoff
from farms/hazardous waste sites, and/or contamination and mold.

Monetary and economic impacts including loss of or damage to property, business,
and wages.

Environmental impacts such as those arising from contamination or loss of critical
habitat.

Social and cultural impacts to include historic/archeological sites, or where entire
communities are uprooted.

Agricultural impacts including the loss of or damage to valuable crops in neighboring
fields.
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Critical infrastructure impacts such as power generation, water and wastewater
treatment plants, military facilities, nuclear power plants, interstates, hospitals, police
stations, and fire and rescue stations.

It should also be noted that these consequences will likely be exacerbated in underserved
communities and among socially vulnerable populations. For example, historical policies such
as redlining forced minorities, particularly African Americans, to live in areas more prone to
flooding. These areas often have limited resources for capital improvements for flood risk
reduction infrastructure, and are more likely to contain industrial facilities such as refineries,
superfund sites, or other toxic waste sites that can lead to severe environmental, health, and
economic impacts if flooded.

Consequence evaluation requires an understanding of who and what is at risk (asset inventory),
the degree to which those assets come in contact with the hazard (exposure) and the extent of
the impact to the asset (vulnerability) based on that exposure. Each of these aspects of the
consequence evaluation are described in Chapter 4, alongside approaches used to develop the
consequence estimate.

3 Applying Flood Risk Management Principles

3.1 Overview of Flood Risk Management

Flood risk management encompasses activities (risk reduction measures) that aim to reduce
the likelihood and the impact of floods from the various sources (Figure 1-14). Every community
is unique in the flood risk they experience. No one method or solution may be suitable for all
instances, though application of common principles and best practices can support efficient and
effective risk-informed decision making. This is the process of using qualitative or quantitative
risk information, in conjunction with other considerations, to lead to more complete, transparent,
and informed decisions.

Applying Flood Risk Management Principles - DRAFT 1-11
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Figure 1-14: Flood Risk Reduction
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Flood risk management principles align with the vision and mission for the National Levee
Safety Program:

Life safety is paramount. Prioritizing actions to reduce the risk to life loss is the most
important responsibility for flood risk management.

Flood risk management is a shared responsibility. To be effective, it must include all
levels of government, businesses, and the public working together in a coordinated
fashion.

Transparent, proactive, and continuous engagement NATIONAL LEVEE
with all community members is essential. SAFETY PROGRAM

Flood risk should be periodically reevaluated and
proactively managed due to dynamic and changing
environments influenced by natural and human impacts. resilience in areas behind levees.

Vision: Reduce the impacts of
flooding and improve community

Floods do not affect all communities and individuals Mission: To manage reliable levee
equally. Flood risk management practices should strive to SYEIEIE Ee pE el E Lz ze

hi itv by add . . hall d approach to protect people and
ac |§ve equity by a reSS|.ng unique challenges a.n U (e LR e e
barriers that may be experienced by any community
member.
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For effective flood risk management decisions to be made, a holistic approach considering
environmental, social, and economic factors, should be undertaken after the risk of flooding is
fully understood. Estimating flood risk requires: (1) the consideration of all types of floods, and
(2) the evaluation of the probability of flooding and potential adverse consequences. Section 4.1
provides more information on foundational concepts related to flood risk and Chapter 4 has
been dedicated to details on estimating levee risk.!

3.2 Developing a Flood Risk Management Strategy

A comprehensive flood risk management strategy is important because it helps to achieve the
primary goals of reducing flood risk and promoting community resilience through an integrated
and collaborative approach. When developing a comprehensive strategy there are several
overarching best practices to consider:

Communicate risk in meaningful ways to the public. People need accurate, timely,
understandable, and actionable information (e.g., risk maps, property specific
vulnerabilities, real time news/updates about events, technical information in layperson’s
terms, translation, education). Special consideration should be given to communicating
risk to those who are non-English speaking, disabled populations, underserved
communities including those with high poverty rates, and those who have not been
engaged in previous community actions which have directly impacted their risk of
flooding, health, or economic opportunities.

Promote the sharing of responsibilities. Multiple groups within the local government
have a stake in reducing the risk of flooding in their communities, but that does not mean
flood risk management responsibilities solely exist at the local government level.
Effective flood risk management cuts across disciplines, departments, and levels of
government (local, state, federal, tribal).

- Public and private sectors working together. The portfolio of tools should seek an
equitable balance among the needs and circumstances of individuals, businesses,
and government, as well as the community’s economic, social, and environmental
resources (National Research Council and National Academies, 2012, p. 61). Public
and private sectors play different roles in response and recovery. Thus, they should
have different, but complementary, strategies prior to a disaster, sharing a role in
reducing risk through preventative strategies. They share a responsibility for the
performance of the built environment, and thus share an interest in resilience goals.

Support community values. For flood risk management to be effective, it must be
rooted in the community’s values and long-term vision, while adhering to the existing
capabilities and recognizing limitations. In other words, flood risk management needs to
protect what the community prioritizes through a sustainable program. Ideally, flood risk
management activities are fully integrated into the fabric of a community—a risk
reduction mindset—that influences policy, capital spending, insurance participation, and

1 Other resources within the industry that focus on overarching flood risk concepts include FEMA 480—Floodplain
Management Requirements (FEMA, 2005) and the Association of State Floodplain Managers, Inc. (“The
Association of State Floodplain Managers, Inc. | ASFPM,” 2024).
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land use decisions including future development and takes into account the needs of
underserved populations.

Engage the whole community in disaster policy making and planning (National
Research Council and National Academies, 2012, p. 117). Organize communities,
neighborhoods, and families to prepare for disasters and prioritize investments,
advancing community goals. Flood risk management strategies should provide for equity
across the various populations impacted by the actions taken to:

- Prevent or reduce losses (i.e., costs and human suffering caused by flooding).
— Protect the natural and beneficial function of floodplains.
- Ensure a more resilient community, both now and in the future.

The first step in developing a strategy to reduce flood risk is to generate goals that align with the
risks. Goals are typically broad statements that promote community values and align with its
long-term vision related to residential and commercial development and the protection of assets.
Goals can be grouped by themes, such as sustainability or type of flood hazard, by critical
assets at risk, or by location. Existing plans and policies, such as a community’s comprehensive
plan or capital improvement program, should be reviewed to identify opportunities for
overlapping goals. Additionally, hazard mitigation plans that assess an area’s vulnerability in
relation to the effects from hazards and existing regional watershed or stormwater plans may
support the strategic alignment of goals for future funding and partnerships.

3.2.1 Community Flood Resilience

Concepts related to enhancing a community’s flood resilience should be interwoven into the
flood risk management strategy. Community resilience to flooding (see also Chapter 12) is
the ability of a community to anticipate, prepare for, respond to, and recover from floods with
minimal damage to social well-being, the economy, and the environment. Resilience is a
responsibility shared by the whole community. It is delivered by a continuous process of
strengthening and adapting, and takes into account the changes in flood risk that may arise (see
section 5).

Figure 1-15: Resiliency Expressed as Functionality Over Time Following an Event
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Figure 1-15 illustrates two levels of resilience for a system. A system can be considered either a
community, an asset, or service within the community. On the right, a system operates at a
steady state (business as usual) until an acute hazard occurs (orange dot). If the level of service
drops below a tipping point—the level of performance during pre-hazard conditions—the system
attempts to recover, but experiences a permanent loss. On the left, actions taken to improve
overall conditions prior to an acute hazard increase the system's functional level. From this
higher baseline, the same acute hazard still requires a period of recovery, but no irreversible
damage occurs. Building resilience means improving conditions so that the system can
accommodate future disruptions.

Approaches used to enhance community resilience should be grounded by the principles of
including and listening to the whole community, understanding risk, exploring options to reduce
risk, prioritizing and implementing those options based on the unique characteristics and needs
of the community, and then monitoring and adapting to changing conditions. Tools and case
studies are available for communities to help implement resilience activities, such as the U.S.
Climate Resilience Toolkit. Additional approaches to design-in resilience—in the context of
robustness, redundancy, and recoverability of levee projects—are discussed in Chapter 7.

U.S. CLIMATE RESILIENCE TOOLKIT

The U.S. Climate Resilience Toolkit provides resources and steps that communities can take to create a resilience
framework for reducing climate-related risks. Communities can use the framework to help identify valuable assets,
determine their climate-related hazards, prioritize options for reducing risk, and implement effective actions to reduce risk.

The toolkit is available at https://toolkit.climate.gov.

Understand exposure

Access vulnerability and risk

Investigate options

Prioritize and plan

Take action
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CASE STUDY: FLOOD RISK REDUCTION IMPROVEMENTS AT A
WASTEWATER TREATMENT FACILITY (FENTON, MISSOURI)

The Fenton Wastewater Treatment Facility is situated near the confluence of Fenton Creek and the Meramec River in
south St. Louis County, Missouri. Despite the existence of a levee surrounding the facility, it was overrun with flood
waters during the historic flooding of the Meramec River on Dec. 30, 2015. The damage caused by this flooding prompted
the Metropolitan St. Louis Sewer District to look at options for improving the levee surrounding the facility and increasing
the resilience of this vital community infrastructure. A second flood event occurred on May 3, 2017, prior to the
implementation of the levee improvements, which would have flooded the facility if not for emergency floodfight efforts.

In 2018, a 3,000 linear foot, 3.5-foot riverside levee raise, and a 150-foot long floodwall were constructed. As seen in the
image below, flooding from a 2019 event, the flood of record for this location, did not impact the facility.
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3.2.2 Flood Risk Management Process

Once the flood risk management goals have been identified, a best practice is to proceed
through a stepwise approach of supporting activities, as depicted in Figure 1-16. The center of
the figure signifies perpetual engagement activities associated with each phase to include
discussing risk, defining options, prioritizing and implementing the most effective options,
evaluating the results and planning for future activities. The sequential steps around the outer
portion of the figure are briefly described below but further detailed in Chapters 4, 6, and 12.

Figure 1-16: Flood Risk Management Process Diagram
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3.2.2.1 Engage the Community

An essential step in flood risk management is ensuring the engagement and buy-in of the entire
community, particularly those who have previously not been included in community decision
making such as underserved populations. Communities commonly include residences, industrial
buildings, critical facilities, or farmland vulnerable to hazards such as flooding. Organizing a
collaborative planning process that engages the whole community requires understanding and
incorporating community values and priorities into resilience building activities. A full discussion
of best practices for community engagement can be found in Chapter 3.
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CASE STUDY: PUBLIC EDUCATION AND OUTREACH
(DOWNERS GROVE, ILLINOIS)

The Village of Downers Grove, lllinois, is a bustling suburb 22 miles outside of Chicago where existing flood vulnerabilities
are compounded by the reality of increasing storm frequency and intensity combined with an increase in impervious
surfaces. The village adopted a comprehensive public outreach and education campaign which it used to gain community
consensus to employ a full suite of stormwater and flood risk management tools to minimize both riverine flooding and
urban flooding (see “Tools in the Toolbox”). Examples include:

Stormwater Utility Fee. The initial attempt at a monthly stormwater utility fee based on the total square footage of
impervious area on a parcel (e.g., roofs, driveways, gravel, pools, decks, parking lots) received a mixed reaction from
both commercial and residential property owners. An intense educational campaign “Stormwater YOUlLility” utilized
multiple communications platforms (i.e., short videos, social media, the village website, local television, print
advertisements) to raise awareness about the Stormwater Utility Referendum. A fully interactive GIS-based map provided
comparisons between stormwater utility fees and property taxes for each property within the village. Reductions in utility
fees were also available for residents using green infrastructure solutions like rain barrels, permeable pavers, or detention
basins. After years of reinforcing the need for a fee, and the control it gives residents over their own bills by decreasing
the amount of Imperviousness on their lot, in 2016, Downers Grove voters approved a referendum to keep the stormwater
utility fee.

Policy Regulation. Localized poor drainage areas are bowl-shaped areas of the village where stormwater runoff cannot
infiltrate the ground and tends to accumulate, creating flooding or standing water. Filling in a portion of one, similar to
filling in a portion of a floodplain, may increase the flood elevation, potentially leading to a higher chance of flooding to
properties. Although localized poor drainage areas are not recognized by FEMA, village codes were modified, after
engagement with the community, to regulate them in a similar way to FEMA special flood hazard areas. The regulations
ensure any new construction is reasonably safe from flooding and does not adversely affect other properties.

To view the Downers Grove public education website related to its stormwater utility fee initiative, visit Downers Grove
Stormwater Utility Page.

TOOLS IN THE TOOLBOX

Downers Grove has implemented the following tools within the community to help reduce the impacts of flooding to
people and property within the community:

e Set elevations for new development at least 1 foot above the 1% water surface elevation in special flood hazard areas
and localized poor drainage areas.

e Acquire properties and return areas to open space.
e Record drywells with a deed.
e Promote rain gardens and natural wetlands on small city lots.

o Require large developments to establish “special service areas” with the village for continued maintenance of
stormwater detention.

¢ Review all permits and development plans for changing imperviousness and stormwater consequences.
e Collect stormwater utility fees.
e Regulate localized poor drainage areas similarly to special flood hazard areas.

o Participate in the FEMA Community Rating System to develop a plan for undertaking activities that result in increased
resilience to flooding in the community.

7 I

Washington Park in Downers
Grove, lllinois before and after
extreme rain. The park was
designed to allow for storm water
detention after rain events.
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3.2.2.2 Understand Risks

As illustrated in Figure 1-16 and described in section 2, understanding risks is the first step in a
community’s flood risk management process. Understanding flood risk involves evaluation of
flood hazards, the flooding process from those hazards (including the performance of any
exisitng flood risk managament infrastructure) and the consequences of the resulting flooding.
Additional details pertaining to levee risk estimation may be found in Chapter 4.

3.2.2.3 Explore Options

Flood risk is rarely simple. A multitude of actions may be required to reduce risk to life, health,
and property and restore natural floodplain resources and functions (Figure 1-17).

Figure 1-17: Types of Coastal Flood Risk Reduction Measures
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Finding ways of reducing flood risk can be a complex dance between competing priorities and
limited regulatory capabilities. It requires consideration of risk exposure, vulnerable populations
and assets, resources/funding, and local community priorities, but can provide an opportunity to
align seemingly unrelated community goals and achieve multiple benefits. Solutions that
embrace a variety of techniques to promote multiple benefits across a community can result in
additional funding sources and staffing by municipal and/or non-governmental organizations.
These solutions may be better poised to retain long-term community-wide support, as shown in
the example about the use of nature-based approaches in Toledo, Ohio.

Numerous options (Figure 1-18) may be considered for use by a community, with the primary
categories relating to the steps commonly employed to deliver resilience. Reducing flood risk
through levee infrastructure is the main subject of this guidance, however the use of other
mitigation options is briefly discussed in Chapter 12.
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Figure 1-18: Flood Risk Management Options
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CASE STUDY: NATURE-BASED SOLUTIONS (TOLEDO, OHIO)

The city of Toledo, Ohio was built on a low-lying area formerly known as the Great Black Swamp. The city’s relatively low
elevation and its proximity to so much water makes it highly susceptible to flooding. Recently, the city has experienced
more frequent and intense rains, with annual precipitation rates rising by more than 40% in some areas.

To help address recurring flooding issues, the city explored the use of nature-based strategies initially with small
demonstration projects, followed by large-scale projects in high-profile areas. The construction, operation, and
maintenance of these projects helped to promote local buy-in.

An economic assessment of green infrastructure was undertaken by the city for Toledo's Silver Creek watershed, a 15-
square-mile area in the northwest part of the city. A framework later formalized in a 2016 publication entitled “A Guide for
Assessing Green Infrastructure Costs and Benefits for Flood Reduction,” was used to compile information about current
and future flooding. Results indicated that the green infrastructure plan could reduce the estimated flood damages by
$290,000 under current conditions and $400,000 under future scenarios.

The project's analyses indicated that precipitation and damage from flooding is expected to increase in the Silver Creek
watershed over the next 20 years. The following strategies were recommended to reduce future flooding damages:

e Look for opportunities to increase flood storage and reduce runoff with green infrastructure including natural
functions restoration, blue rooftops, pervious pavement, curb cuts to direct runoff into vegetated areas, and
bioretention areas and swales.

Remove buildings from the floodplain where flooding is severe (buy-outs) and incentivize shifting future development
away from the most flood-prone areas.

Promote community acceptance of green infrastructure by building on past successes and showcasing benefits
(e.g., previously installed bioretention areas, parks, and open space).

Consider revising stormwater policies to incorporate more stringent requirements for onsite retention.

A key factor in the success of Toledo’s green infrastructure planning was the collaboration. "Partners are a critical part of
the success of this project," explained Lori Cary-Kothera, Operations Manager with the National Oceanic and
Atmospheric Administration's Office for Coastal Management, in 2014. "l think the take-home message is that these
projects are complicated, and you really need to build partnerships that supplement the skills, take advantage of the
network and the resources that are out there, and figure out how to leverage those.” She added, "It takes time to
implement green infrastructure, so give yourself a break. It's not going to happen overnight and build that into your

implementation plans” (U.S. EPA Office of Wastewater Management, 2014).
Since 2014, Toledo has implemented green infrastructure projects throughout the city, with the understanding that

beneficial impacts will not happen immediately, but will be the result of consistent application of projects within the
framework of the project.

The city of Toledo used sustainable management of stormwater to create rain gardens as one aspect of the overall
project.
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3.2.2.4 Prioritize and Implement

The third step of the flood risk management process is to select the risk reduction best suited for
the community. A community should select the best feasible solution unique to their specific
needs and resources. If applying for a grant or funding to a specific agency, the decision about
the risk reduction activity should also consider the specific criteria established by the grant
requirements. Best practices for selecting the most appropriate option include:

Identifying a broad selection of options before, during, or after a disaster situation to
improve resilience and promote effective risk management. Redundancy of mitigation
strategies, should one measure fail or not perform as expected, increases the likelihood
that flood risk will be reduced.

Determining the risk reduction benefits for each option. This will include the need to
question whether or not the mitigation ideas are in line with the community’s risk
reduction goals. This approach will lead to a true indication of the performance of a
particular strategy. At the end of the day, it is important to know if the goals are
achievable, if they promote the long-term community vision, and if they maximize
benefits (direct, indirect, compounded).

Having a method for prioritizing the options through an action plan that describes: the
prioritization of factors, assignment of a lead, anticipated timeframes, and financing
methods.

When selecting the best flood risk management solution, whether it be a levee or some other
option, it is important to formulate, evaluate, and compare all options. These steps are
discussed in more detail in Chapter 6. Although that chapter is focused on formulating a new
levee project, the generalized planning process can be applied to any potential flood risk
management solution.In addition to striving to reduce flood risk, the following factors should be
considered:: cost, environmental impacts, necessary land acquisition, laws or regulations, equity
among community members, public support, and community resilience. It may be feasible to
implement multiple strategies to enhance resilience. For example, the construction of a large
flood risk reduction project may provide opportunities for enriching the community through the
inclusion of multi-purpose facilities (i.e., parks, trails). Chapter 12 discusses various options
other than levees that a community may elect to implement, grouped within one of the broader
categories depicted in Figure 1-18.

3.2.2.5 Evaluate and Adapt

After implementation, it is important to evaluate the strategies that have been implemented.
During the decision-making process for implementing the particular strategies, a process for
evaluating the effectiveness of each strategy—both during the project and after the project—
should have been identified which addresses the following questions:

How is the levee working now?

How have conditions changed, or how do we anticipate conditions to change in the
future? The conditions include not only the potential flood risks, but also the social and
economic conditions for the community.
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Do these changes require a change in the project that was implemented or an entirely
new project by the community? Are there new partners that have been identified that
need to be brought into the discussion?

Throughout the entirety of this process, it is essential to document all of the alternatives
considered, decisions made, and stakeholders involved so that future evaluations can take
these factors into account.

4 Managing Flood Risk with Levees

4.1 Foundational Concepts and Definitions

As explained in the previous section, there are multiple combinations of structural and
nonstructural measures that can be used to achieve the desired level of flood risk reduction.
The selection depends on many factors, including flood risk drivers and the effectiveness of a
given measure in addressing them, project physical constraints, availability of funding, and
existing policies and practices, among others. The purpose of flood risk management is to
reduce flood risk to as low as practical through the integrated implementation of the selected
measures. Levees are just one of many tools that may be used when implementing a flood risk
management strategy.

Decisions associated with levees should be made in the context of flood risk management, and
therefore, it is important to understand the relationship between flood risk and levee risk. The
definitions below are fundamental concepts that help establish the foundation for these
guidelines.

Flood risk: The probability and consequences of flooding in an area. For areas with
flood risk reduction infrastructure (e.g., levees), it accounts for how the infrastructure
impacts the subject area, including life, health, and safety impacts; monetary and
economic impacts; environmental impacts; and social and cultural impacts. It also
includes all sources of flooding.

Non-breach risk: The risk associated with the scenario of the still-water level and/or
associated waves, wind runup, or surge exceeds the top of the levee system, but does
not result in a breach of the levee system. This is also known as overtopping without
breach risk.

Levee risk: The likelihood of occurrence and potential consequences for the following
three inundation scenarios: levee breach prior to overtopping; overtopping with breach;
and component malfunction or misoperation of levee features.

As depicted in Figure 1-19, flood risk within the leveed area is a sum of non-breach risk, levee
risk, and flooding from other sources. Flood risk may be addressed by implementing measures
singularly or in combination with other measures. Once strategies are implemented, the flood
risk for a community is changed and some level of risk is replaced by the benefits of that
strategy. When a levee is chosen as a flood risk reduction strategy, a typical levee will transform
some amount of flood risk to levee risk. This is because all levees have some potential to fail
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before overtopping. The scenarios shown in Figure 1-19 help to further illustrate the relationship
between the terms defined above, and additional scenarios described in Chapter 5.

Figure 1-19: Relationships Between Flood Risk, Levee Risk, and Non-Breach Risk
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Scenario A: No flood risk reduction strategy. Flooding in the area may occur from
any and all potential sources and through the full range of flood events.

Scenario B: Risk reduction measures other than levees. Measures may include
nature-based solutions, floodproofing, or zoning. In Scenario B, the flood risk is reduced
compared to Scenario A, without the use of levees.

Scenario C: No levee breach. A levee is constructed to provide additional flood risk
reduction benefits compared to Scenario B. In this fictional scenario, the likelihood of
breach or improper operation is zero for the full range of flood events, and the only
potential for adverse consequences is due to inundation from floods that exceed the top
of the levee (overtopping without breach, also known as ‘non-breach risk’). In Scenario
C, flood risk in the leveed area—an area behind the levee—is the sum of non-breach
risk and flooding from other sources not associated with the levee. For example, for a
community with a riverine levee, the riverine (fluvial) portion of the flood risk will go down
but flooding in the leveed area may still occur from groundwater recharge or heavy rain
and surface water runoff (pluvial).

Scenario D: Typical levee. Building on Scenario C, this situation recognizes the reality
that the levee can breach, thereby increasing flood risk. In this case, the flood risk
reduction provided by the levee is less than in Scenario C and the flood risk is higher.

It should be noted that the height of the bar, which indicates the overall flood risk potential, was
kept the same for all scenarios. This is an oversimplification made for illustrative purposes. It is
important to recognize that flooding without a levee is likely to be different in terms of frequency,
magnitude, and severity of damages when compared to the risk of flooding with a levee in
place. Levees fundamentally change the floodplain and transform flood risk. On one hand,
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levees reduce the likelihood of flooding in the leveed area for relatively frequent floods up to the
levee crown. On the other hand, while a natural flood often results in gradual but widespread
inundation, a levee breach could be rapid. A levee breach may also come with little or no
warning and could result in greater depth and velocity of floodwaters, especially near the
breach, potentially resulting in higher consequences for people who did not evacuate. For
additional discussion, see Chapter 5.

4.2 Interconnectivity of Risk Management Activities

Levee risk management activities are a subset of flood risk management activities. For
example, flood emergency action plans for a community behind a levee would include
procedures for all potential flooding scenarios, including floods that significantly exceed levee
height and rainfall flooding. These plans would also include developing specific provisions for
managing levee-related emergencies. Those provisions are part of levee risk management and
help manage consequences of levee failure.

Further, levee and flood risk management activities are interconnected. Decisions to adopt good
flood risk management could improve levee risk management. For example, zoning restrictions

near the levee and strong community awareness of flood risks can help manage consequences
of levee failure. Conversely, allowing development in the leveed area without proper emergency
planning and provisions for evacuations can hinder the ability to get people out of harm’s way in
the event of levee breach.

It is important to understand the contribution of levees to the overall flood risk management. For
new levees, this means developing project objectives and formulating the levee design in terms
of desired life safety, economic, and other flood risk reduction metrics. Intended flood risk
reduction in terms of annual probability of overtopping or “frequency of overtopping,” as well as
locations of controlled overtopping and breach, should be consistent with the overall flood risk
management strategy.

In situations when the flood risk management plan is developed around existing levees, the first
step is to estimate the maximum flood risk reduction the levee can provide (Chapter 4). Once
the maximum risk reduction is understood, the overall strategy can be formulated by either
considering other measures to supplement flood risk reduction benefits provided by the levee,
setting new objectives for the existing levee and modifying the levee accordingly, or both.
Details associated with levee removal and/or setback can be found in Chapter 7.

Examples of flood risk management and levee risk management activities are provided in
Figure 1-20. In general, flood risk management activities are broader and deal with overall
strategies and floodplain management, while levee risk management activities focus on the
levee itself, including potential consequences a levee breach could cause. As shown in
Figure 1-20, some activities require joint decision making.
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Figure 1-20: Flood and Levee Risk Management Overlap
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While flood risk management and levee risk management are closely related, and in some
instances are implemented by the same entity, it is important to clearly communicate what levee
risk management includes, as well as what is not in its purview. Clear goals and objectives can
help inform effective risk management approaches that are aligned with roles, responsibilities,
and authorities associated with levees. The National Levee Safety Guidelines provide direction
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for managing levee risk, and as such, they should not be viewed as comprehensive flood risk
management guidelines.

It is also important to recognize that while understanding the interrelationship between levee risk
and flood risk is critical for decision making, the general public is not aware of nor generally
concerned about such differentiation. Their primary expectation is adequate protection from
flooding and other hazards. Therefore, communication strategies should be formulated
accordingly.

5 Recognizing Changes in Flood Risk

5.1 Drivers of Changed Conditions

Flood risk is not static, so flood risk management practices must adapt to changing conditions.
Past flooding events should not be relied upon as good predictors of future flood risk. There are
several drivers of flood risk change (Figure 1-21 and Figure 1-22):

Changes in hazards. Climate change alters precipitation patterns and soil moisture, sea
level, and resulting risk of flooding from riverine, coastal, rainfall, and compound
sources. New development in the floodplain may lead to increased imperviousness of
the land, which influences both the quantity and velocity of stormwater run-off.

Reductions in the performance of land regions impacted by the hazard (including
levees). One example may be subsidence from natural occurrences (repetitive soil
expansion and contraction, soil decomposition, tree roots, or earthquakes) or human-
influenced factors (damaged pipes or improper construction practices). Land-use
decisions between the water source and the adjacent community result in having more
or less capacity to store rainfall and snowmelt.

Changes in the consequences of flooding. Development along the river or coastline
may increase the number of residential and commercial structures, as well as
population. Land-use decisions directly impact what may be in harm’s way.
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Figure 1-21: Contributors to Changes in Flood Risk
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5.2 Challenges with Adaptation

There are several reasons that adapting to changes in hazards, performance, and

consequencesmay be difficult. These include:

e The existing built environment. It may be more difficult to retrofit existing structures than
to establish regulations promoting the resilience of new infrastructure (i.e., coordination
with existing owners, cost of risk reduction measures, limited municipal authority to

implement upgrades).

« Misalignment of policies (i.e., local plans and regulations may reflect different priorities
than those from state or federal levels of government).

o Limitations in individual or societal capability to adapt (e.g., low income, elderly, non-
English speaking) increases both the difficulty of adapting to risk and the seriousness of
consequences in failing to do so. Under-resourced communities often suffer the greatest

impacts.

However, best practice in flood risk management is to use an appropriate combination of the
various measures identified earlier (Figure 1-18) as responses to the increases in flood risk.
Responses (Figure 1-22) should target hazards, performance, or consequences as appropriate

for the driver of change being addressed.

Figure 1-22 demonstrates the reality that drivers exist—and they have the potential to change
the state of the system—uwhile there are corresponding measures that may be employed in

response.

Figure 1-22: Drivers of Change in Flood Risk and Responses
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5.3 Climate Change Implications

Climate change is changing risk in ways that are often difficult to understand and quantify. As
greenhouse gases accumulate in the atmosphere, global average temperatures continue to rise
and climatic patterns continue to change, resulting in non-intuitive and less consistent regional
weather events. Current models and data suggest that changes in climate increasingly affect
the overall risk and impacts to communities across the country from destructive weather events,
such as more frequent and more intense heavy snow, rainstorms, heatwaves, and drought.
These events increase flood risk and in many locations that risk extends beyond the most
severe flooding observed to date.

Communities can assess climatic changes using multiple data sources maintained by
government agencies which provide climate change projections at the state, regional, and
county level. Climate change projects can be found using the assessment tool on the Climate
Mapping for Resilience and Adaptation, part of the U.S. Climate Resilience Toolkit. These
projections can assist with making decisions and designing flood risk management options that
account for future conditions.

Several of the most common sources of changes to flood hazards are:
Changes in rainfall and riverine flood hazards:
- Changes in precipitation.
- Changing snowpack.
— Compound impacts: rain on snow, rain on rain, and rain on drought events.
Changes in coastal flood hazards:
- Sea level rise.
- Increased storm surge.
- Increased wave height.
- Increased compound coastal flood hazards.
Changes in groundwater flood hazards:
- Rising groundwater tables from rising seas.
- Inundation of surface areas from increased precipitation.
- Lowering of groundwater due to drought and heat events.

- Degradation of freshwater due to saline intrusion.
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6 Summary

This chapter is centered on aspects associated with managing flood risk, the efforts
communities take to reduce flood risks to people and property, and to enhance their resilience
to flooding. Flood risks can take the form of rainfall, riverine, coastal, or groundwater flooding, or
a combination of any of the four. A discussion is necessary regarding the evaluation of flood risk
and how methods to reduce these risks often times results in a change in risk along with a
reduction in risk.

As the climate changes and as flood risks change, communities should continue to evaluate the
methods they have chosen to manage their flood risk. They should maintain or improve the
structures that have been built and evaluate the effectiveness of any nonstructural methods that
have been adopted.

Just as important as continued evaluation of the flood risk reduction measures, whether they are
structural or nonstructual, is community engagement pertaining to what is being done to
manage flood risk and how circumstances are changing. An in-depth discussion about
engagement and a community’s continued steps towards resilience can be found in Chapters 3
and 12.

The decision to build a levee as a flood risk reduction measure should be based on the
knowledge that a levee does not eliminate the risk of flooding, but implemented well, it can
reduce the risk of flooding. Once a community understands the need to manage the risk
associated with a levee, it can be an effective tool and steps can be taken to further reduce the
risk. For communities that have chosen a levee as either the main means of flood risk reduction,
or as part of a suite of methods, levee risk will remain a focal point of any discussion about flood
risk management. A more detailed discussion about levee-related flood risk, including design
considerations, can be found in Chapter 4.

For the purposes of the National Levee Safety Guidelines, it is assumed that one of the flood
risk management options selected is the design and construction of a new levee. The remaining
chapters guide the reader through each phase of the levee lifecycle and address essential
activities such as engaging the community and enhancing community resilience The remaining
chapters guide the reader through each phase of the levee lifecycle and address essential
activities such as engaging the community and enhancing community resilience.

Related content associated with this chapter is included in detail in other chapters of the
National Levee Safety Guidelines as described in Table 1-1.
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Table 1-1: Related Content

Chapter

Chapter Title

Related Content

>
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A

1

§

Managing Flood Risk

Engaging Communities

» Engaging to build knowledge and awareness

Estimating Levee Risk

» Estimating hazards
» Estimating consequences

H E B

5 Managing Levee Risk * Flood risk versus levee risk
o] . . . L
HYS 6 Formulating a Levee Project » Levee-related alternatives for reducing risk
MAaa
*
l 7 Designing a Levee » Resilient levee design approaches

? 12 Enhancing Community Resilience

» Flood risk reduction strategies for community
flood resilience
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Understanding
Levee Fundamentals

= Key Messages
This chapter will enable the reader to:

e Know levee terminology. A levee is a human-made barrier with the
primary purpose to provide flood risk reduction to a portion of the
floodplain and does not constitute a barrier across a watercourse.

* Understand levee function. The function of a levee is to exclude
floodwater from a defined area, channel water away from a defined area,
or control the release of water into a defined area.

¢ Understand levee features. Levees are composed of various features
that are spatially arranged to meet its intended function.

* Understand ways levees can breach. A levee breach could develop in
different ways; therefore, it is important to understand why and how a
breach may occur.
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Other chapters within the National Levee Safety Guidelines contain more detailed information on
certain topics that have an impact on understanding levee fundamentals, as shown in Figure 2-1.
Elements of those chapters were considered and referenced in the development of this chapter
and should be referred to for additional content.

Figure 2-1: Related Chapter Content
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1 Introduction

The purpose of this chapter is to introduce the basic concepts and terminology associated with
a levee, which provides the necessary foundation for information presented in the remaining
chapters.

Two main types of levees are discussed in this chapter—those that reduce flood risk from
riverine hazards and those that reduce risk from coastal hazards. The various features that
comprise these levees are described and illustrated, with examples showing how they are
arranged along a selected alignment into a spatial form to create a leveed area.

In addition, different potential failure mechanisms that lead to breach and flooding of the leveed
area are presented.

These are essential concepts for understanding the role of levees in flood risk management.

2 Levee Basics

2.1 What is a Levee?

A levee is a human-made barrier with the primary purpose of reducing the frequency of flooding
to a portion of the floodplain, sometimes referred to as a ‘levee system’. Basic characteristics of
a levee include the following:

Typically constructed along a watercourse (not across a watercourse like a dam), such
as rivers, tributaries, coastlines, canals, or other waterways.

Designed to exclude flooding from a limited range of flood events. Levees do not
eliminate the risk of flooding.

Usually subjected to flood loading of a limited duration (days or weeks); however, some
levees are continuously loaded.

Typically comprised either of earthen embankments, concrete floodwalls, or a
combination of both.

Can have other features such as pedestrian gates, traffic closures, and pump stations.

Will usually tie into high ground (elevated land that is higher than the floodplain, above
the design flood event for the levee, and less likely to flood) on either end, but some
levees do exist that are open-ended; or could form a ring.

Can be designed to be compatible with a designed channel or canal.

May be linked to or comprised of other engineered structures that are integral to the
levee performance but were not designed specifically for a flood risk reduction purpose,
such as roadway, railroad, or canal embankments.
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» May be linked to dam-related structures and coastal barriers, which can also be integral
to a levee or can function like a levee.

The term levee does not include a stand-alone roadway or railroad embankment, shoreline, or
riverbank erosion projects, nor does it include a canal or channel constructed completely within
natural ground without an embankment or retaining wall to constrain the flow of water.

Levees can be broadly categorized as either riverine or coastal, based on the primary source of
the hazard and resulting floodwaters being excluded, and their environmental setting. Natural
features (dunes, barrier islands, mangroves) and engineered structures (jetties, spur dikes,
groins), often support the function of the levee, typically by attenuating the flood loading, but are
not considered to be a part of the levee. Figure 2-2 illustrates both riverine and coastal levees.

Figure 2-2: Examples of Riverine and Coastal Levees

(a) Riverine levee in Lock Haven, Pennsylvania. (b) Coastal levee in New Orleans, Louisiana.

A levee generally goes through various stages throughout its life (Chapter 4), referred to as the
levee lifecycle. This lifecycle consists of project formulation, design, construction, operation and
maintenance, modifications, and levee removal (if needed). Certain activities such as
community engagement, emergency preparedness, and response occur at all stages of the
lifecycle. See Chapters 3 and 10 for additional information.

2.2 Levee Projects

Levee-related activities necessitating any aspect of planning, design, or construction should be
considered levee projects. There are five different types of levee projects that are discussed in
greater detail in subsequent chapters. These projects are shown in Figure 2-3.

Figure 2-3: Levee Projects
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New: Building a new levee as part of a flood risk reduction strategy.

Repair: Restoring a levee to its original (e.g., as intended in design) operation and
function after isolated damage has occurred and a structure’s functionality has been
reduced. Repair can also be thought of as normal maintenance and routine in nature.

Rehabilitation: Restoring a levee to its original operation and function due to extensive
deterioration or deficiencies from design/construction. Rehabilitation is more substantial
than normal maintenance and repair and is not routine in nature.

Modification: An activity that changes the original operation and function of a levee. It
includes raising a levee, modifying its alignment, or changing features. Modification is
not routine in nature.

Removal: An intentional activity that effectively eliminates the flood risk reduction
benefits provided by a levee. Removal is a form of modification and is not routine in
nature.

3 Levee Function

3.1 Levees’ Role in Reducing Flooding

Levees are just one element of a community’s flood risk management strategy, which may
include nonstructural and structural measures, as discussed in Chapter 1. As a structural
measure, levees can have one to three primary functions:

Exclude water: Levees reduce the risk of inundation of an area by keeping floodwaters
out of the leveed area (riverine and coastal). They may also manage stormwater in the
leveed area when storm drainage systems are closed off from natural gravity drainage
during floods.

Divert water: Levees direct floodwater, storm surge, and wave run-up either
downstream (riverine only) or into a non-leveed area to avoid inundation of the leveed
area (riverine and coastal).

Controlled release: Levees can be designed or operated to release water in a
designated area in order to remove a portion of flow upstream, which within a
watercourse reduces flood loading downstream (riverine only).

In addition to flood risk reduction, levees often serve as sites for riverine habitat corridors,
regional trails, recreational parks, transportation corridors, and other public amenities. These
supplemental benefits can be vitally important to those living and working nearby and to those
visiting the region. When designed with this multi-purpose use in mind, levees provide important
social, economic, agricultural, recreational, and environmental benefits. However, care should
be exercised to ensure other uses of the levee do not take priority over the flood risk reduction
function or compromise levee performance.

The function of levees in reducing flooding in the leveed area is illustrated in Figure 2-4, which
portrays flood stage on the waterside of the levee versus flooding elevation in the leveed area
(landside). When there is no levee (dashed line), the flooding elevation in the leveed area is
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equal to the flood stage on the waterside. The introduction of a levee and the resulting flood risk
reduction is depicted as a solid line. The solid line traces the flooding on the waterside of the
levee from the levee toe to the levee crest and beyond. Following the line from left to right
illustrates that there is no flooding in the leveed area for flood stages on the waterside of the
levee up to the levee crest elevation when the levee performs as intended. As water exceeds
and overtops the crest of the levee, the levee continues to provide some benefits during
overtopping, until a point where there is so much water in the leveed area that the levee no
longer provides any flood risk reduction benefits (solid line meets and follows dashed line).

Figure 2-4 illustrates a levee that is functioning as intended by providing flood risk reduction
benefits including:

Excludes flood waters from the leveed area for flood levels up to the levee crest.
Allows time for orderly evacuation of individuals within the leveed area.

This figure is a simplification to illustrate the general function of levees to exclude floodwaters. It
should be recognized that levees transform the floodplain, as described in Chapter 5.
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Figure 2-4: Function of Levees in Reducing Flooding
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The intended level of flood risk reduction can vary significantly for different levees. For some
communities, a shorter levee providing less flood risk reduction combined with zoning
restrictions and evacuation planning for larger events may be a preferred strategy, while other
communities may opt for higher levees as their strategy to achieve the same overall flood risk
reduction.

Flood awareness and emergency preparedness play an important role in flood risk management
for individuals and communities behind levees. Involved, informed individuals and communities
behind levees will be better prepared to take meaningful actions to reduce risks to loss of life
(e.g., practicing emergency action plans, warnings, and evacuations) or property (e.g., flood-
proofing, purchasing flood insurance, or elevating structures). See Chapters 1, 3, 10, and 12
for additional details.
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3.2 Configuration of Levees

The overall levee configuration is primarily based on the level of flood risk reduction that the
levee is intended to provide and its environmental setting; however, other natural and human-
made factors influence the configuration (e.g., right-of-way constraints), as discussed in
Chapter 6.

In a riverine environment (Figure 2-5), levees are generally placed parallel to a river channel in
order to help pass floodwater downstream. Levees may be constructed along both banks of a
watercourse, often set back from the channel to provide added storage capacity during high
water. Under normal, non-flood conditions, secondary use of this area may be allowed for
farming operations, recreation, or other approved uses. Because levees are expected to overtop
for floods greater than the designed level of risk reduction, the levee may include location(s)
with a lower crest for intentional overtopping to control and understand where flooding will first
occur.

Figure 2-5: Typical River Levee
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In a coastal environment (Figure 2-6), levees are typically aligned with the coastline; therefore,
are generally situated perpendicular to the incoming flow from the sea. Levees function to
temporarily retain storm surge and moderate wave overtopping. Coastal systems may also
include other human-made or natural structures such as offshore breakwaters, groins,
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mangroves, and dunes to reduce erosive forces on the beaches and levees. Coastal areas may
also be subject to flooding due to the rise in sea level during a storm event causing backwater
flooding of drainage features that flow to the sea. To prevent this, levees may be needed along
these drainage features.

Figure 2-6: Typical Coastal Levee

Elevated
ground

Leveed

Barrier
island Beach
nourishment
(Soft protection)

Jetties
Breakwaters

Levees that are built landward of existing levees, usually because the existing levee has
experienced distress or is in some way being endangered, are typically referred to as setback
levees (Figure 2-7). When the existing levee is removed, setback levees can promote floodplain
restoration by giving space for riparian and aquatic habitats in the floodplain (Chapter 11).
Setback levees are generally loaded less frequently than levees positioned directly adjacent to
main river channels.
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Setback levee construction at the Southport Levee in west Sacramento, California.

Levees typically tie to (abut) natural high ground in order to exclude floodwaters from a leveed
area. Where it is not feasible to abut natural high ground, a ring levee (Figure 2-8) may be
constructed to enclose a leveed area, to help reduce the risk of flooding to isolated, vulnerable
infrastructure.

Figure 2-8: Example Ring Levee

Ring levee

A ring levee surrounds the Fenton Wastewater Treatment Facility near the confluence of Fenton Creek and the
Meramec River in south St. Louis County, Missouri.

Offline storage areas (Figure 2-9) are often created to complement the use of levees,
floodways, natural structures, and topography. Such storage areas are normally empty for long
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periods of time and are only used during flood events, providing for secondary uses and
benefits, including public access, recreation, and opportunities for environmental habitat.

Levees often work together with dams to manage floods and in these cases, the infrastructure
where they coexist within a watershed, should be considered as one integrated system. Dams
attenuate and regulate flood flows while levees exclude flood water from the leveed area.

Structure used to move water from the river to an offline storage area in New Orleans, Louisiana.

4 |Levee Features

A levee may be composed of multiple features acting as a physical barrier to prevent floodwater
from entering the leveed area. Utilizing complementary structures beyond the levee structure
may be necessary for activities that promote proper functionality. Examples of related activities
include managing interior stormwater within the leveed area or reducing the loading on the
primary feature (floodways). Features can be thought of as the major elements or building
blocks that comprise the levee. The form of the levee is the spatial arrangement of features to
provide flood risk reduction within the leveed area.

Table 2-1 presents the typical levee features and some key types. There are a limited number of
features and variations of feature types, but there are numerous ways they can be formed into
an arrangement to create a levee. The sections that follow illustrate some of the various levee
features and their typical types that provide benefits to the leveed area.
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Table 2-1: Tpyical Levee Features

Feature Types Function

Embankment Zoned, homogeneous Exclude water from leveed area.
T-wall, L-wall, I-wall, mass gravity,

Floodwall Exclude water from leveed area.
demountable
Roller gate, swing gate, trolley gate,
vertical lift gate, sector gate, miter Exclude water from leveed area
Closure structure gate, stoplog (wooden or metal), during floods, while allowing water
sandbag, soil/gravel baskets, earthen to pass the rest of the time.
fill with plastic
Embankment/hard structure, Exclude water from leveed area by
Transition embankment/high-ground, joining different features of the
embankment/revetment system.
Seepage control Cutoff wall, seepage berm, relief well, Echuc!e water from or manage
) water in the leveed area as a result
systems trench and blanket drains
of seepage.
Channels and . Manage floodwater outside the
Natural, concrete lined, armored
floodways leveed area.
Interior drainage . Manage primarily surface water
Canals, pipes T
systems inside the leveed area.
. Manage primarily surface water
Pump stations Permanent, temporary inside the leveed area.
. Settlement cells, staff gages, Provide operational and
Instrumentation : e
piezometers, inclinometers performance data.

4.1 Embankment

An earthen embankment is the most typical feature associated with a levee, and for many
levees it can be the primary (or even only) physical feature. However, they often work in concert
with other features which support the function of excluding floodwaters (e.g., a floodwall along
the watercourse or relief wells for seepage control). Supporting features are sometimes required
to ensure levee integrity, such as erosion protection, stability berms, and seepage control
features.

Embankments are common features incorporated into both riverine and coastal levees.
However, their geometric configuration and the components incorporated into an embankment
typically differ based on the environment they are situated in and the loading to which they are
subjected to due to the hazard (see Figure 2-10 and Figure 2-12).

The function of an embankment is to act as a barrier to restrict the intrusion of floodwaters into
the leveed area. The embankment must be designed and constructed to function under the
required flood loading without loss of its structural integrity and stability. Its successful
integration as a levee feature needs to consider potential failure mechanisms that could
compromise its ability to function as designed. The performance of the embankment must
consider the performance of the underlying embankment foundation when subjected to the flood
load, because the performance of the levee is greatly impacted by the conditions below the
levee. Embankment design considerations are presented in more detail in Chapter 7.

A number of embankment types may be developed to meet unique functional requirements,
such as:
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Characteristics and duration of flood loading
Components incorporated into the levee
Geomorphic and geologic setting

Locally available materials

Construction access

Right of way

The most common type of embankment levee is a homogeneous earthen (i.e., one soil type)
compacted embankment, as shown in Figure 2-10. Common geometric characteristics include a
10-15-foot-wide crown and 3:1 side slopes for riverine levees and flatter slopes for coastal
levees (typically 5:1 or greater on the waterside).

Figure 2-10: Typical Homogeneous Embankment

Waterside slope

(Typically 3:1 or flatter) Landside slope

(Typically 3:1 or flatter)

WATERSIDE LANDSIDE

Foundation

o Earthen embankment (Homogeneous)

e Crest

o Crown

o Inspection trench
o Riprap

e Toe

Several factors impact the geometry of the embankment, including the allowable steepness of
the waterside and landside slopes, and often the minimum levee crown width. The steepness
of the embankment slopes depend on the evaluation of the stability of the levee, which is
influenced by the loading, foundation conditions, and type of soil used in the embankment. The
width of the embankment crown may be established based upon the anticipated or predicted
stability of the embankment, seepage considerations, accessibility needs (e.g., vehicular
access, provisions for bike paths, or other recreational elements), or by regulatory minimum
requirements. The crown may consist of simple grass cover, gravel, pavement, or other surface
cover based on the expected allowable use. Provisions to incorporate roads and/or ramps for
vehicular access to the levee crown may be needed and stairways or ramps for pedestrian
access may also be included. An exploration or inspection trench is typically constructed into
the foundation below all earthen embankments to provide direct visual observation of the
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subsurface foundation conditions continuously along the alignment of the levee. See Chapters
7 and 8 for more details.

A slight variation to the homogeneous earthen levee embankment shown in Figure 2-10 is the
zoned earthen embankment shown in Figure 2-11. The central portion of the embankment is
constructed with a less pervious soil type to address potential seepage issues through the
embankment. Note that the location of this less pervious zone is beneath the levee crown but
may be shifted towards either the waterside or landside slopes, as necessary. Also, there are
examples where a thick (typically 3-5 foot) impervious layer is located on the waterside slope
and crown, with the remainder of the levee being composed of more pervious material.

This schematic also shows scour protection on the waterside slope, which is typically riprap or
some other hard armored surface. Such treatment is required when the flow velocities under the
flood event are substantially high, or when the levee is subject to wave or wake action, which
could undermine the stability of a simple grassed waterside embankment slope.

Figure 2-11: Typical Zoned Embankment

Waterside slope ]
(Typically 3:1 or flatter) Landside slope

(Typically 3:1 or flatter)

WATERSIDE LANDSIDE

Foundation

o Earthen embankment (Zoned)

o Crest
e Crown
o Core

o Riprap

o Inspection trench

Figure 2-12 shows a coastal levee embankment and some additional components that may be
incorporated due to unique coastal hazards. For coastal levees, the loading is primarily
attributed to storm surge (often combined with tidal effects and high winds) resulting in higher
water levels and wind/wave action. There are a wide variety of options for the materials used to
construct the embankment as well as surface treatments of the waterside embankment slope
and crown. The geometry of the waterside slope is generally flatter and can incorporate
revetments to minimize the impact of wave action. Due to potential for wave overtopping, it is
also possible that scour protection may be required on the landside.
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Figure 2-12: Typical Coastal Embankment

Landside slope

Waterside slope (Typically 3:1 or flatter)

(Typically 5:1 or flatter)

WATERSIDE LANDSIDE

Foundation

o Earthen embankment (Coastal)

e Crest
e Crown

o Inspection trench

e Overtopping protection

o Revetment

Structures such as groins and revetments may be incorporated as vital elements to attenuate
storm surge and/or wave action loading on the levee. Natural features—such as marshes or
mangroves, sand bars, or barrier islands—can also reduce loading impacts. While these
elements are potentially vital to levee performance, they are not considered levee features.

4.2 Floodwalls

Floodwalls are commonly used where earthen levees are not considered a viable alternative,
typically either due to limited real estate space for the levee’s alignment or a need to tie into
other structural features. They are commonly used in both riverine and coastal levees.

The function of a floodwall is to act as a barrier to restrict the intrusion of floodwaters into the
leveed area. As with the earthen embankment, the floodwall must be able to function under the
required flood loading without compromising its structural integrity and stability. The
performance of the floodwall should consider the underlying foundation (typically soils) and
support of the structure using either a deep or shallow foundation system. These considerations
are described in more detail in Chapter 7.

There are a variety of floodwall types that consist of a stem that protrudes above the ground
surface to act as the barrier to the intrusion of floodwater into the leveed area. The stem
consists of a linear arrangement of discrete sections or monoliths typically constructed with
reinforced concrete. Some walls also incorporate a reinforced concrete base within foundation
soils to provide stability. The type of wall selected is based on the type of loading, the
foundation conditions, and the foundation system required to resist that loading. In most
floodwalls, a cutoff is typically provided to control underseepage (i.e., water flowing through the
soil in the foundation beneath the levee) because the distance between the flood loading and
the landside floodwall toe where underseepage may surface is typically very short. A
component often incorporated—particularly for coastal levees—is a concrete ‘splash’ pad to
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protect against overtopping wave action. This can be accommodated by exposing the base on
the landside or providing a separate component. These components can also be incorporated
as a buttress on the landside of the floodwall, as shown in Figure 2-13, Figure 2-14, and

Figure 2-15, which can function to aid in either stability or seepage control. Depictions of these
types of floodwalls are described in sections 4.2.1 — 4.2.3, with examples shown in Figure 2-16.

Other types of floodwalls that exist are gravity monolith floodwalls (Figure 2-17), demountable
floodwalls (Figure 2-19), and less common sheetpile cellular walls, buttress/counterfort walls,
and other unique types of walls.

421 T-Wall

The designation as a T-wall originates from the shape of the stem and base (Figure 2-13). The
stem is structurally connected to a reinforced concrete base. The base serves as the foundation
of the floodwall, acting as a cap for deep foundation elements (steel pile sections, and/or drilled
shafts) or simply acting as a shallow foundation bearing on the underlying foundation soils
without a deep foundation.

Figure 2-13: Typical T-Wall

WATERSIDE ’ LANDSIDE

Foundation

o Reinforced concrete stem
© Cutoff wall
@ Concrete “splash” pad (as required)

@ Reinforced concrete base
© Piles or drilled shafts (as required)

4.2.2 L-Wall

The designation as an L-wall originates from the shape of the stem and base (Figure 2-14). The
stem is structurally connected to a reinforced concrete base. The base serves as the foundation
of the floodwall, acting as a cap for deep foundation elements (steel pile sections, and/or drilled
shafts) or simply acting as a shallow foundation bearing on the underlying foundation soils
without a deep foundation.
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Figure 2-14: Typical L-Wall

WATERSIDE LANDSIDE

Foundation

o Reinforced concrete stem

e Cutoff wall

e Concrete “splash” pad (as required)
o Reinforced concrete base

6 Piles or drilled shafts (as required)

4.2.3 I-Wall

An l-wall has no base and is essentially a vertical structural element consisting of the stem,
which is commonly supported by a sheetpile cutoff (Figure 2-15), which can serve as the flood
barrier and underseepage cutoff feature. |-walls are primarily for use where construction access
is limited or for transition elements.

Figure 2-15: Typical I-Wall

/O

WATERSIDE LANDSIDE

Foundation

o Reinforced concrete stem
© cutoff wall
e Concrete “splash” pad (as required)
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Figure 2-16: Examples of Floodwalls

(a) L-wall being constructed in St. Louis, Missouri. (b) I-wall being constructed in New Orleans, Louisiana. (c) T-wall
being constructed in New Orleans, Louisiana.

4.2.4 Mass Gravity

Mass gravity structures (Figure 2-17 and Figure 2-18), often found in coastal environments, are
concrete structures where the flood loading is resisted by the sheer mass of the structure, and
the structure acts as the barrier to exclude floodwater from the leveed area. A unique element of
this type of feature is the geometric design of the waterside face, which is often tailored to
deflect the incoming waves.
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Figure 2-17: Typical Mass Gravity Wall

WATERSIDE LANDSIDE

Foundation

o Mass concrete
© Armoring

Coastal mass gravity seawall in Galveston, Texas.

4.2.5 Demountable

In certain situations where a permanent structure is undesirable because of aesthetics,
accessibility, or required vertical clearances during non-flooding conditions, a demountable
floodwall system (Figure 2-19) may be employed. Key considerations for demountable walls
include the ability to safely store the components and having sufficient time and trained
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personnel to reliably deploy the system prior to a flood. Typical demountable floodwalls use a
series of posts that are embedded into a reinforced concrete sill that extends along the levee
alignment. Spans between the posts are filled with panels or stoplogs that mechanically
interlock with the posts. Additional structural supports may be required to support the lateral
flood loading. Many of these structures are functionally similar to closure structures, which are
also only deployed prior to a flood. The key difference between demountable floodwalls and
closure structures is the size of the opening. Closure structures typically have a limited opening
length along the alignment of the levee to accommodate the required access corridor. The
opening length of a demountable floodwall can extend considerably further along the levee
alignment.

Figure 2-19: Example Demountable Walls

Placement of the 17th Street demountable wall in Washington, D.C.

4.3 Closure Structures

Closure structures are required where access across or through the alignment of a levee is
needed during non-flood periods. This may be where roadways, railways, walkways, waterways
(including both navigable and non-navigable types), and runways transect the alignment of a
levee. Closure structures addressed in this section do not include gates, valves, or other
controls for pipes, and other penetrations through a levee that are meant to convey channelized
water flow. Those types of structures are detailed in section 4.7.

During non-flood periods, access typically remains open. When flood conditions are forecasted,
the opening must be closed on a temporary basis to restrict the intrusion of floodwaters into the
leveed area. When closed, the structure essentially acts as a floodwall or embankment;

2-18 DRAFT - Levee Features



National Levee Safety Guidelines | 2: Understanding Levee Fundamentals

therefore, many of the key concepts and considerations are identical or similar to those
previously discussed.

Closure structures can be broadly classified based on:

Whether they transect the levee over a land course (e.g., roadways, railways, walkways)
or watercourse (when the watercourse closure is part of the levee).

Whether the opening is mechanical/structural (may be automated), or requires human
assembly (sandbags, earthen fill).

Table 2-2 presents the three main categories of closure systems with a listing of various types
under each category. Although there are other commercially available, temporary closure
systems which are proprietary in nature that are used throughout the nation, they are not
described within this publication.

Table 2-2: Categories and Types of Closures

Category Types

Roller gate
Swing gate
Trolley gate
Vertical lift gate
Sector gate

Movable gates

Miter gate

Structural assembled closures Stoplog (wooden, metal, concrete)
Sandbag

Earthen assembled closures Soil/gravel baskets

Earthen fill with plastic

The selection of a specific type of closure typically depends on two primary factors: (1) the
physical constraints associated with deploying/installing or removing the structure that is used to
close the opening, and (2) the operational constraints (i.e., warning time before deployment is
required and time/resources required to deploy the system). Additional details are provided in
Chapter 7.

4.3.1 Movable Gates

Movable gate closures are usually the simplest type of closure to set and the most reliable.
They are gate structures that are moved into place by either manual or mechanical means. The
gates are permanently attached to the closure superstructure (i.e., adjacent closure wall
section) in the recessed or open position and then simply moved into place ahead of the rising
floodwaters. Once moved into their final position (recessed or closed), they are secured by
some type of locking mechanism. There are a variety of styles of movable gate closures, which
are highlighted in the following sub-sections. These closures are easy to set, require no
inventory of parts, and can quickly be moved into place by maintenance personnel.

However, they are not used more frequently because of the high initial cost to construct the gate
and supporting closure structure. Not only does the heavy steel gate require a higher initial cost,
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but the wall, any supporting frame (overhead trolley slide gates), and sill structure must be
designed into the closure structure. This increases the initial construction costs considerably
when compared to using other types of closure systems.

The most influential risk factor affecting the ability to successfully set movable gate closures is
the operating plan and experience. Movable gate closures are frequently used in urban areas
where there are numerous closures that should be set in place ahead of rising floodwaters.
Sometimes different entities are responsible for setting closures; therefore, it is imperative there
is a well-practiced operating plan for the ‘who, what, and when’ of how each closure is to be set.
Other less influential risk factors include vandalism and general structural condition.
Deficiencies resulting from either can easily be checked as part of an active inspection program,
described in Chapter 9.

4.3.1.1 Roller Gate Closure

Roller gate closure structures (i.e., movable transect over land) move on wheels or casters that
travel on a set of tracks on its foundation to slide the gate in and out of position (Figure 2-20).
They frequently require a mechanical system (e.g., a cable winch) to move the gate. These
gates can often be deployed rapidly and may be incorporated into levees that transition into
either floodwalls or embankments on the flanks of the opening (Figure 2-21). The tracks are
attached to a sill bearing on a foundation system to structurally support the entire closure
system. The performance requirements, and thus design and construction of the foundation
system, is nearly identical to that for supporting a floodwall and could be either a deep or
shallow foundation system. However, a key, unique component consideration for closures is
providing a mechanism to seal the gate when it is deployed. The frame of the closure structure
typically consists of end supports that tie in and transition to the levee features on either side of
the levee, which could be either earthen embankments or floodwalls.

Figure 2-20: Typical Roller Gate
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Figure 2-21: Roller Gate Details

Transition to
embankment

Transition to
embankment
=

Floodwall transition to
earthen levee

Roadway opening

Gate in open position

View of a typical roller gate and transitions to embankment, with the main roller gate components identified.

4.3.1.2 Swing Gate Closure

Swing gate closures are typically steel gates with hinges that are attached to an adjoining
concrete floodwall (pilaster) and swung into place to make the closure. They are structurally
latched in place to keep them stationary when either in the open or closed position. Swing gate
closures are usually the easiest closures to set in place. Wider openings that utilize a swing
gate require two gate leaves with a center support section to close the gap, while smaller width
openings only require a single gate leaf. Typical swing gate closures are shown in Figure 2-22,
Figure 2-23, and Figure 2-24.
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Figure 2-22: Typical Swing Gate
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Figure 2-23: Swing Gate Details
‘, O :r'?g

Floodwall transition to earthen
levee with overtopping protection

View of a swing gate and transition to embankment, with the main components identified.
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Figure 2-24: Example Swing Gates

Transition to
embankment

(a) Swing gate that provides a closure to the railroad line crossing the levee. (b) View of a typical swing gate with the
transition to embankment.

4.3.1.3 Trolley Gate

A trolley gate closure structure is a steel gate that is suspended from an overhead rolling track
and is pulled across the opening in the levee. Once the trolley gate is set in place, it is
latched/locked in place to keep it stable under hydraulic loading. A structural frame or other
support mechanism connects the rollers and track to the gate leaf. A typical trolley gate closure
structure is shown in Figure 2-25. These closures are usually utilized in more urbanized areas
where floodwalls are present. When these gate closures are present in a levee embankment, a
supporting concrete transition structure is used.
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Figure 2-25: Example Trolley Gate

View of a trolley gate in New Orleans, Louisiana, in both the open and closed positions; March 2023.

4.3.1.4 Vertical Lift Gate

A vertical lift gate closure is a large gate that is moved downward along an embedded guide
track to close a gap in the levee. Vertical lift gates require specially designed operating
equipment for moving the heavy gates into and out of place. They are typically used for special
applications where other gate types would not work due to loading or operation conditions. A
vertical lift gate closure is depicted in Figure 2-26.

Figure 2-26: Example Vertical Lift Gate

Lift gate

Open lift gate in New Orleans, Louisiana.
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4.3.1.5 Sector Gate

Sector gate closures utilize two gates that are swung into place to provide a positive closure.
Sector gate closures are commonly used along waterways and canals where the closure has
the potential to be loaded from both directions. This usually occurs in coastal areas where
tropical storms/hurricanes can result in surge and wave-induced loadings from one direction,
whereas day-to-day operations load the gates in the opposite direction. When sector gates are
not in use, they sit in large recess openings built as part of the supporting structure. A typical
sector gate closure in the levee is shown in Figure 2-27.

Figure 2-27: Example
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Sector Gate

.......

Floodwall

/

Sector gate open to allow for waterborne traffic in New Orleans, Louisiana.

4.3.1.6 Miter Gate

A miter gate closure consists of two individual gate leaves that close to form a three-hinged
arch. The gate closes at a mitered angle, hence, the name. The three-hinged arch (miter gate)
is designed to withstand loading in one direction (waterside to landside). Most miter gates are
constructed of steel, but there are wooden miter gates that may exist in very old systems.
Figure 2-28 shows a typical miter gate installed in a levee embankment with a supporting
concrete closure structure. Miter gates can be horizontally framed or vertically framed, with the
framing of the miter gate determining the load transfer. Common applications for miter gate
closures are for providing closures across canals that cross a levee, but they can also be used
to temporarily close off taller road/railroad openings. When the gate leaves are not in use, they
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sit in recesses that are built into the supporting concrete structure. When recessed, the gate
leaves should be structurally tied in place, commonly referred to as pinned, so they cannot
inadvertently be moved by wind, vandalism, or other causes. Miter gates for small openings can
be moved manually, but larger ones require specialized equipment or machinery to set in place.

Figure 2-28: Example Miter Gate

Fully closed miter gate.

4.3.2 Structural Assembled Closures

These types of closures utilize metal or wooden beams—known as stoplogs—that are placed in
guide slots in an opening of a floodwall or in an opening of a levee embankment where a
transition has been constructed specifically for the closure structure (Figure 2-29 and

Figure 2-30). Many erectable barrier structures include an on-site storage vault to store the
stoplogs and supporting materials. These closures are very popular because of their versatility.
They can be used to close various size openings and typically do not require much, if any,
specialized equipment. Utilizing stoplogs with wider openings or very tall openings may require
an interior support post. In the case where stoplogs are not fitted with seals, other means like
plastic sheeting or sandbags can be used to reduce leakage through the stoplog closure.
Stoplogs should be secured (held down and tight against any seals) in the installed condition.
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Figure 2-29: Typical Stoplog Closure
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Figure 2-30: Example Stoplog Closures

(a) Levee closure across a roadway using metal stoplogs. (b) Levee closure across a roadway using wooden
stoplogs in Vicksburg, Mississippi. (c) Levee closure using concrete stoplogs.

4.3.3 Earthen Assembled Barriers

Earthen assembled barriers as detailed in the following sub-sections are some of the most
common types of closures due to the low cost of implementation and simplicity. However, there
are several factors that should be considered with these closures. The most important
consideration is the operating plan and experience of the personnel responsible for setting the
closure. These closures take time to set, require various equipment and personnel to install, and
may require experience or knowledge to properly set the closure. Another factor that needs to
be considered with respect to these closures is storage and stockpiling of material. Additionally,
the use of heavy equipment may be needed, so damaging the levee should be considered when
assessing the risk of placing these types of closures.
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4.3.3.1 Sandbag Closure

A sandbag closure is an opening along the levee alignment that is closed by a sandbag wall, as
shown in Figure 2-31. Sandbag closures are common due to their low initial cost and simplified
construction. They require sufficient time to set in place (ample advance warning) and a large
enough workforce of personnel/volunteers as it is labor intensive. Closures usually require
numerous sandbags to be placed in a particular arrangement. Sometimes a permanent
concrete sill is included with the original construction of the levee for identification of where to
build the sandbag wall, as well as for deterring seepage underneath the sandbag wall. In
addition, individual sandbags are commonly placed at the base of other closure structure types
to help deter seepage along the structure/foundation base.

Figure 2-31: Example Sandbag Closure

Levee closure across a roadway using sandbags in Washington, D.C.

4.3.3.2 Soil/Gravel Baskets

This type of closure utilizes wire baskets that are put together on-site and then are structurally
connected to one another to form a water barrier, as shown in Figure 2-32. The lining placed
inside the basket provides the water barrier while the soil or gravel used to fill the basket
provides the necessary weight for stability. Plastic sheeting can also be used to provide a
secondary measure to reduce throughseepage. The baskets are designed so they can be
vertically stacked to close taller openings. When vertically stacked, the base must be widened
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with additional baskets. The weight on the foundation is an important consideration when using
these types of closures, particularly when they are vertically stacked. While there is no formal
guidance on the stacking limits, experience has shown that they should not be stacked more
than three high when used for floodfighting purposes.

Figure 2-32: Example Soil/Gravel Basket Closures

-
i

(a) Levee closure using sand-filled baskets in Walla Walla, Washington. (b) Levee closure using sand-filled baskets in
New Orleans, Louisiana.

4.3.3.3 Earthen Fill with Plastic

Probably the simplest concept for closing a gap in the levee is the use of a soil pile closure. A
soil pile closure is earthen material that is placed with construction equipment across the
closure. It should be at least minimally compacted when being placed. The earthen material
should be covered with plastic sheeting and then anchored down to prevent the soil from
eroding. If plastic sheeting is not used, then some other erosion protection measure should be
applied. The sheeting and anchoring system (usually sandbags) should extend beyond the
opening onto the adjoining embankment section to prevent excessive seepage along the
contact between the embankment and soil pile. Soil pile closures are sometimes used as an
emergency measure when an attempt to set a different closure type is unsuccessful. An
example of a soil pile closure with plastic sheeting along the waterside face is shown in
Figure 2-33.
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Figure 2-33: Example Earthen

Fill with Plastic
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Example of a levee closure across a roadway using earthen fill.

4.4 Transitions

A levee consists of an arrangement of features along an established alignment, which creates a
need to transition between different feature types. Several types of transitions between different
features are illustrated in Figure 2-34.

If not designed and constructed properly, transitions can become a vulnerable point of the levee
due to the intrinsic dissimilarity of the structures. Each feature will likely respond differently
during and after construction. For example, a floodwall and embankment may impose separate
loads on the foundation, which can cause the transition to be prone to performance issues due
to differential settlement. Foundation treatments such as surcharging or preloading are often
implemented to address these concerns. Often, the transition must be more robust than the
individual features being joined, with careful consideration of how they overlap and are
incorporated within the transition section. Issues due to differences in geometry can arise if not
carefully evaluated and addressed in the design. For example, eddy currents or flow
concentrations where floodwalls tie into earthen embankments can cause erosion of soils.
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Figure 2-34: Typical Types of Transitions
!

(a) Transition from floodwall to high ground in New Orleans, Louisiana. (b) Transition from embankment to
infrastructure in New Orleans, Louisiana. (c) Transition from embankment to the gate in New Orleans, Louisiana.

4.5 Seepage Control Features

The difference in water surface elevations on the waterside and landside of the levee and the
associated seepage can cause performance issues with structural integrity and stability of the
feature. Seepage through or under the levee may produce water flow that exits at some point on
the landside of the levee, which may require collection with filters and drains, and ultimately be
conveyed and discharged with interior drainage. The movement of water under or through a
levee from high energy to low energy can result in erosion of foundation or embankment soils.
To mitigate these effects, seepage controls may be employed.

Seepage controls provide a mechanism to reduce, collect, filter and/or discharge seepage
through the levee or its foundation. They may be used as individual features or used in
combinations to mitigate potential seepage issues for levees. They can address potential issues
through either diversion or interception of the water flow.

4.5.1 Cutoff Walls

Cutoffs (Figure 2-35) divert seepage below the structure, extending the seepage path length to
reduce the amount of energy within the flow of water and reduce the force with which it exits on
the landside of the levee. Cutoffs can be constructed through, below, and riverside of earthen
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embankments (Figure 2-36) by excavating the soils and filling the excavation with a material
that has lower permeability (soil-bentonite, cement-bentonite, or soil-cement-bentonite). Careful
consideration is needed to determine the necessary depth of cutoff, as discussed in Chapter 7.

Figure 2-35: Typical Cutoff Wall
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Figure 2-36: Cutoff Wall Under Construction

Slurry trench cutoff wall under construction in Sacramento, California.
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4.5.2 Seepage and Stability Berms

Seepage berms and stability berms have similar appearances because they consist of prisms of
soil immediately to the landside of an earthen embankment (some stability berms may be
constructed waterside). And while both provide some level of stability and seepage
improvement, seepage berms are primarily intended to counter underseepage and high uplift
pressures in the levee foundation, whereas stability berms are meant to provide predominantly
counterbalancing weight to prevent slope instability and address throughseepage (water
moving through the soil that comprises the levee embankment) issues. Seepage berms can be
constructed from either impervious or pervious soils, depending on the specific seepage issue
that needs to be addressed based on the site-specific foundation conditions. Seepage berms
lengthen the seepage path such that seepage water emerges further from the levee toe where it
is less likely to cause damage to the levee. For this reason, seepage berms extend much farther
out from levee embankment than stability berms, typically 150 to 400 feet. An example of a
seepage berm is shown in Figure 2-37 and Figure 2-38.

Figure 2-37: Typical Seepage Berm
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Levee Features - DRAFT 2-33



National Levee Safety Guidelines | 2: Understanding Levee Fundamentals

Figure 2-38: Example Seepage Berm

Seepage

Seepage berm

Seepage berm under construction in Elwood, Kansas.

4.5.3 Relief Wells

Relief wells (Figure 2-39) are installed landside of levees to reduce uplift pressure which may
otherwise cause sand boils and internal erosion of foundation materials. Wells accomplish this
by intercepting and providing properly filtered, controlled outlets for seepage.

Figure 2-39: Typical Relief Well
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Generally, relief wells are used where space for landside berms is limited or where the
permeable soil layer in the foundation is too deep to be penetrated by toe drains or cutoff walls.
However, wells require periodic maintenance and frequently suffer loss in efficiency with time,
due to clogging of well screens by muddy surface waters, bacteria growth, or mineral build-up.
Relief well systems also require a means for collecting, conveying, and disposing of the
discharge from the wells as shown in Figure 2-39. Typical relief wells at the toe of an
embankment are shown in Figure 2-40.

Relief wells may also be installed around structures, such as pump stations and drainage
structures, to reduce uplift pressures and improve stability.

Figure 2-40: Example Relief Well

| Relief wells

Relief wells installed at the toe of a levee, along with a close up view of the relief well cover.

4.5.4 Drains

Drain systems collect the seepage through the levee embankment or in the shallow foundation
soil at the levee toe to control throughseepage flows in the levee. There are a number of drain
systems that work in conjunction to capture seepage.

+ Blanket drains: Layer of filter material placed at the contact between the embankment
and foundation material to capture throughseepage at the levee toe.

+ Toe drains: Located at the landside toe of the levee, extending a shallow depth into the
foundation to reduce high exit gradients.

¢ Trench drains: Can be used to control underseepage where the top stratum is thin and
the pervious foundation is relatively shallow, so the trench substantially penetrates the
aquifer.

These drain systems are shown in Figure 2-41.
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Figure 2-41: Typical Drain Systems
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4.6 Channels, Floodways, and Controlled Overtopping

4.6.1 Channels and Floodways

Floodways consist of an engineered, diversion channel and/or adjacent land designated for
flood inundation during certain flood events with the intent of diverting floodwater flows in a river
to prevent increase in river stages during these flood events. Figure 2-42 shows a typical
floodway with an engineered diversion channel. Floodways are similar to spillways for dams and
function to remove a portion of flood waters and lessen the flood load on the levee. They consist
of floodwater diversion locations, which allow certain floodwater flows within a river to be
diverted through an engineered channel and, ultimately, an area where the consequences of
flooding are deemed an adequate trade-off for reduced flood risk to a levee.

Floodwater diversion locations can either be controlled with gates that must be operated, or
uncontrolled, meaning that diversion of floodwater flows initiate once the river water surface
reaches a specific elevation to overflow a structure. Fuse gates may also be incorporated to
control the release. Fuse gates are designed to be overtopped. Once the overtopping flow
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reaches a critical depth, the fuse plug is designed to ‘wash away,’ thereby creating a larger
release opening to accommodate higher bypass discharges.

Engineered diversion channels can be natural (e.g., grass-lined, natural soil, or rock), concrete-
lined, riprap, or other armoring to prevent erosion or loss of foundation material in the channel.
An engineered channel can exist between two levee systems with proper functioning of the
channel being required to prevent impacts to the flowline that could overtop the levee before the
design flood. Figure 2-43 shows an armored and a concrete-lined engineered channel.

Figure 2-42: Typical Floodway Channel

~

Diversion channel

Hardened diversion
training structures

Sacramento Weir floodway channel in both non-flow (top left) and flow condition in Sacramento, California.

Figure 2-43: Examples of Channel Erosion Control

Concrete-lined channel

Protection of earthen channel using armoring (left) and concrete lining (right).
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4.6.2 Controlled Overtopping Sections

A controlled overtopping section (1) typically allows the levee to overtop in a location that
minimizes consequences, (2) has some type of reinforcement that decreases the likelihood that
breach will occur during a flood that overtops the section, and (3) allows the leveed area to fill
up slowly, providing more time for warning and evacuation. A controlled overtopping section on
a levee is typically a long notch covered with overflow-resistant material such as masonry,
concrete, gabions, or concrete riprap. In some cases, the section may be a gravity structure
abutted to earthen levees. A typical controlled overtopping section is shown in Figure 2-44.

Figure 2-44: Typical Controlled Overtopping Section
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This is an overtopping section along the Los Angeles River.
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4.7 Interior Drainage Systems

Levees should not impede stormwater collection and drainage within the leveed area. During
non-flood periods, interior drainage systems allow interior stormwater to flow out of the leveed
area under gravity drainage through pipes. These pipes create penetrations through the levee. It
is important to ensure such pipes are regularly inspected to prevent them from introducing a
weak point in the levee (Chapter 9).

To prevent floodwater from entering the leveed area through these drainage systems, various
controls can be employed that can be closed during floods. Because interior stormwater cannot
be discharged through the pipes when the controls are closed, pump stations can be employed
to remove the water from within the leveed area. This may be accomplished through the use of
pressurized pipes or making provisions for a sufficient ponding area to allow stormwater to
collect within the leveed area without inducing damages to improved property.

Figure 2-45 shows a diagram for the essential function of an interior drainage system and
pumping. The diagram shows schematically the key elements of the system, which is to:

Allow interior storm drainage to flow out through pipes that extend from the landside to
the waterside of the levee.

Provide outlet control so stormwater can flow out of the leveed area during non-flood
periods, and be closed to prevent floodwater flows into the leveed area during floods.

Provide the energy and means to remove interior stormwater that can no longer flow out
when the interior drainage controls are closed.

Interior stormwater is diverted to an area near the pumping station (interior ponding area) to be
removed by the pumping system. Figure 2-46 shows details of a typical interior drainage
system.
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Figure 2-45: Essential Function of Interior Drainage System
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Interior drainage system showing the pump station and gate house on a levee in Cedar Rapids, lowa.
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Figure 2-46: Typical Interior Drainage System
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As shown in Figure 2-47, when interior drainage is required through a floodwall, the preferred
path to route the pipe is over the floodwall or through the floodwall foundation. Figure 2-48
shows some of the more common gates used for interior drainage systems. The gates are
either manually operated (sluice gate) or designed to remain closed until a certain pressure
builds up behind the gate, at which point it opens (flap gate and duckbill). Once the pressure
relieves the gate closes.

Figure 2-47: Detail of Pipe Passing Floodwall
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o Pipe

Ground surface

View of a pipe passing over a floodwall, rather than through the levee under the floodwall.
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Figure 2-48: Typical Gates for Interior Drainage Systems

(a) Sluice gate being used for interior drainage. (b) Use of a flap gate for interior drainage. (c) Duckbill being used for
interior drainage.

4.8 Pump Stations

Figure 2-49 shows a pumping station example. The scale and configuration of pumping stations
can vary tremendously based on the pumping rates required. Regardless of the scale of the
system, the key components consist of (1) an area to collect the diverted interior storm drainage
(ponding area); (2) the pumps to create sufficient energy and capacity to remove the stormwater
out of the leveed area, and (3) pipes to discharge the pumped water out from the leveed area.

Figure 2-49: Example Pump Station

. Pump station

&

Pump station and ponding area located at toe of Zoar Levee in Tuscarawas County, Ohio.
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4.9 Instrumentation

A number of different instruments and technologies can be used for levee monitoring.
Instrumentation may provide an indication of conditions on a relatively discrete portion of the
levee or provide an understanding of the levee conditions on a broader scale. Instrumentation
can broadly be classified according to the parameter it is used to detect and measure, which
generally falls into one of the following three main categories:

Hydraulic head (pore water pressure)
Seepage
Displacements (vertical and lateral)

Instrumentation can provide useful performance and operational data. A variety of instruments
can be used to monitor performance including observation wells, piezometers, weirs, staff
gages, displacement gages, settlement cells, and inclinometers. Some instrumentation
examples are shown in Figure 2-50.

Observation wells are the simplest device for measuring water pressures in soils. Piezometers
are used to measure the pore pressures (head) in levees and their foundations under both
unconfined and confined conditions. The elevation of the water in both wells and piezometers
can be determined manually by using a water level indicator, or the readings can be automated
by installing a pressure transducer.

Direct measurement of seepage through a levee or its foundation can be a challenge if the
seepage path is not known or if the seepage water cannot be collected and directed to a
measurement location. When the opportunity exists to channel seepage water into a ditch or
channel, weirs or flumes installed in the ditch or channel can be used to quantify the seepage
flow. Water levels at weirs or flumes can be read visually using staff gages or using instruments.

A number of methods and types of instrumentation are available to measure settlement and
vertical displacements. The methods vary depending on what type of displacement is to be
measured, and what sort of measurement methods are feasible. The simplest form of
displacement measurement (apart from just a qualitative visual observation) is the total
displacement at the ground surface of a fixed location or marker, determined by surveying.
Other traditional methods can be used to provide the relative displacement of a location
compared to a specific reference point, but these methods generally require installation of
instrumentation within the body of the levee.

While surveying monuments can detect lateral displacements at the surface of the levee,
inclinometers can monitor for lateral displacements or offsets within the body of a levee
embankment and/or within its foundation. For structures such as floodwalls, inclinometer
casings can be installed in the backfill adjacent to the structure, or within the concrete floodwall
itself. Also, tiltmeters can be installed on floodwalls to infer the lateral displacement from rotation
of the face.

This section details some of the traditional types of instrumentation. There are several modern
methods for monitoring displacements, including fiber optic cables, shape acceleration arrays,
and synthetic aperture radar.
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Figure 2-50: Typical Levee Instrumentation
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(a) Use of a staff gage in a stream for flow level measurements. (b) A displacement gage is used between concrete
panels of a floodwall to measure vertical movement. (c) Piezometer at the toe of earthen embankment used to
measure pore water pressure. (d) V-shaped weir used to measure outflow at the landside of an embankment.

5 Levee Breach

Levee breach, or sometimes referred to as levee failure, is the formation of a gap in the levee
through which water may flow uncontrolled into the area intended to receive flood risk reduction.
A breach may occur prior to water reaching the top of the levee or subsequent to overtopping.
Levee breaches may occur due to an unknown defect or the malfunction or misoperation of a
levee feature. It is important to be aware of some of the common breach mechanisms of a levee
so they can be identified and mitigated to ensure successful levee performance. The following
sections describe levee breach scenarios and breach mechanisms, commonly referred to as
potential failure modes.

5.1 Levee Breach Scenarios

Levee breach scenarios include the following, also illustrated in Figure 2-51:
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« Breach prior to overtopping: In this scenario, the levee breaches and floodwaters flow
uncontrolled into the leveed area before the levee is overtopped.

¢ Malfunction or improper operation: In this scenario, a levee feature either
malfunctions or does not properly operate. These failures can result in an uncontrolled
release of floodwater into the leveed area or can lead to more constricted and
constrained inundation (higher flow velocities).

« Overtopping with breach: This scenario occurs when water overtops the levee, and the
flows cause erosion sufficient to breach the levee with rapid inundation of the leveed
area.

Figure 2-51: Levee Breach Scenarios
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Using the same concept as Figure 2-4, Figure 2-52 illustrates how the leveed area (landside)
could be flooded with each of these breach scenarios. The solid blue line illustrates the levee
functioning as intended, including inundation resulting from overtopping of the levee without
breach. The orange dashed lines illustrate the levee breach prior to and from overtopping.

Figure 2-52: Graphical Representation of Levee Breach Scenarios
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5.2 Levee Potential Failure Modes

These guidelines describe five general categories of potential failure modes considered most
common to levees. These include breach from overtopping, external erosion, internal erosion,
instability, and malfunction or improper operation of a feature, which are illustrated in

Figure 2-53 and Figure 2-54, followed by a description.

5.2.1 Breach from Overtopping

Breach from overtopping is typically the result of progressive erosion of the landward slope from
the flow over the levee. Overtopping may cause concentrated flows that, with sufficient velocity,
can erode rills and channels on the landside embankment or of a floodwall toe. With time, this
can either cause landside embankment slope or floodwall instability (or progressive erosion)
and downcutting through the levee embankment. Overtopping without breach is not considered
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a levee failure because the levee was intentionally designed for an anticipated loading or flood
event.

5.2.2 Breach Prior to Overtopping

Breach prior to overtopping is typically the result of sudden progression of one or a combination
of external erosion, internal erosion, or instability as described below.

External erosion: Occurs when water flow or wave action causes loss of surface
protection (vegetative, riprap, mat armoring, or fabrics) that results in undercutting the
levee toe or loss of the levee prism. Once exposed, riverine or coastal forces can
progressively and catastrophically continue to erode the levee, leading to levee
instability and breach.

Internal erosion: Occurs when seepage exits on the landside levee face or foundation
at or beyond the levee toe with sufficient force to erode and carry soil particles from
within the levee foundation or embankment prism. This can occur through one of several
mechanisms such as concentrated leak erosion, backward erosion piping, and suffusion.
Specifics of these mechanisms are extensively studied and described in technical
literature, including best practices for dam and levee risk analysis (USACE, 2000).

Instability: Occurs when the levee includes slope stability failures (slides) or excessive
settlement due to foundation issues. This can lead to loss of the crest and, during a
flood, result in overtopping and breach at the location of the instability. Instability also
includes sliding or overturning failure of structural elements such as floodwalls.

5.2.3 Malfunction or Improper Operation of a Feature

This potential failure mode includes the inability to deploy removable flood risk reduction
features or operate closure gates or walls; failure of a closure component; failure of a pump to
operate; or the installation of a closure does not occur in time for the structure to properly
exclude floodwaters. This typically leads to inundation of the leveed area prior to overtopping.
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Figure 2-53: Typical Embankment Potential Failure Modes
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Figure 2-54: Typical Floodwall Potential Failure Modes
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6 Example of a Levee

To illustrate how levee form and function coincide to achieve the intended flood risk reduction
objective of a levee, the following material describes a real levee example with a discussion
pertaining to individual features. Figure 2-55 displays a portion of a riverine levee in a semi-
urban area in central Pennsylvania. The levee extends from the north to the south along either
side of the Mahoning Creek, which is a natural drainage feature in a watershed north of the
Susquehanna River (West Branch). For the purposes of this example, the focus will be the
levee on the east bank.

Figure 2-55: Example of Features Along a Riverine Levee
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Area 1: The east bank levee begins at the northern terminus with a short length of low-profile
floodwall that ties into natural high ground (Figure 2-56). A floodwall was used in this area due
to the limited right of way available between the creek bank and adjacent roadway (State Route
PA-54). The tie-in of the floodwall with natural high ground represents a transition between two
different features. Erosion protection in the form of large diameter stone (riprap) was placed
around the wall at the high ground contact.

Figure 2-56: Example of Floodwall and Tie-in to High Ground
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Area 2: On the landside portion of the levee, there are a variety of interior drainage features to
manage stormwater within the leveed area (Figure 2-57). Catch basins along the curb line of the
roadway and inlets within swales on the landside of the levee capture surface runoff into
stormwater collection pipes. During non-flood periods, control structures (gates) are open and
allow the stormwater to drain into the creek by gravity.

Figure 2-57: Example of Interior Drainage Features
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During floods, these controls are closed to keep floodwater from backing into the stormwater
collection system and entering the leveed area. The gravity discharge is bypassed with the
control structures, and stormwater that collects within the leveed area is conveyed to areas
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where it can be temporarily ponded with provisions to pump out of the leveed area and into the
waterside (in this case the creek).

Areas 3 and 4: The earthen embankment continues south to the intersection with a
transportation corridor consisting of a major roadway (US Route 11) and railway (SEDA-COG
Joint Rail Authority). The earthen embankment transitions into a floodwall (Figure 2-58) and two
stoplog closure structures extending across the roadway and railway (Figure 2-59). During the
2011 flooding, sandbags were used to transition from the earthen embankment to the closure
structures. Stormwater is ponded on the landside of the closures, and a mobile pumping station
is used to divert the stormwater from within the leveed area back into the creek.

Figure 2-58: Example of Embankment Tie-in to Floodwall
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Areas 5 and 6: The railway closure transitions into a floodwall to the south, dictated by the
limited footprint between the adjacent roadway (PA-54) that runs parallel to the creek and levee
(Figure 2-60). Further south along PA-54 lies the main interior drainage ponding area to which a
large portion of the stormwater within the leveed area is conveyed (Figure 2-61).

Gates control the discharge of the interior drainage from culverts extending under the roadway,
which can be released under gravity drainage into the creek during non-flood periods or
discharged using the pumping station during flooding events.

Note that the levee continues beyond what has been shown in this example.

Figure 2-60: Example of Floodwall
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Figure 2-61: Example of Interior Drainage System
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/ Summary

Understanding the basic concepts and terminology associated with a levee provides the reader
with the necessary foundation for information presented in the remaining chapters. A levee—
defined as a human-made barrier with the primary purpose of reducing the frequency of flooding
to a portion of the floodplain—generally goes through various stages throughout its lifecycle,
including project formulation, design, construction, operation and maintenance, modifications,
and levee removal, if needed. Levee-related activities necessitating any aspect of planning,
design, or construction are demonstrated through five different types of levee projects.

Following the concepts presented in Chapter 1, levees are just one element of a community’s
flood risk management strategy, which may include nonstructural and structural measures. As a
structural measure, levees can have one to three primary functions—exclude water, divert
water, or control the release of water. Therefore, the overall levee configuration is primarily
based on the level of flood risk reduction that the levee is intended to provide and its
environmental setting.

This chapter also discusses and provides examples of how a levee may be composed of
multiple features acting as a physical barrier to accomplish the intended function. Features can
be thought of as the major elements or building blocks that comprise the levee. The main
features of a levee include embankments, floodwalls, closure structures, transitions, seepage
control systems, channels and floodways, interior drainage systems, pump stations, and
instrumentation.

Just as understanding the levee structure is important for managing flood risk, so is the
comprehension that levee breach, or levee failure, can occur. Familiarity with levee breach
scenarios—breach prior to overtopping, malfunction or improper operation, and overtopping with
breach—can improve levee performance and help reduce consequences. The application of the
concepts provided in this chapter are further explained through the evaluation of a typical levee
highlighting numerous levee features.

Related content associated with this chapter is included in detail in other chapters of the
National Levee Safety Guidelines, as described in Table 2-3.
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Table 2-3: Related Content

Chapter Chapter Title Related Content

ARA 1

Managing Flood Risk » Strategy to manage flood risk

Understanding Levee
Fundamentals

3 Engaging Communities » Engaging to build knowledge and awareness

IR

of levees
Estimating Levee Risk » Potential failure modes
5 Managing Levee Risk  Levees transform the floodplain
HYS 6 Formulating a Levee Project » Types of levee projects
* L. .
, 7 Designing a Levee » Design of levee features
8 Constructing a Levee » Construction of levee features
9 Operating & Maintaining a Levee » Perform regular inspections

. . * Emergency preparedness and response
10 Managing Levee Emergencies o ]
» Practicing emergency action plans

11 Reconnecting the Floodplain * Promote floodplain restoration

L5°d 12 Enhancing Community Resilience  + Community resilience to reduce risks

Bl
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Engaging
Communities

Key Messages

This chapter will enable the reader to:

e Build trust. Successful engagement is built on a foundation of
relationships and trust.

¢ Raise awareness. Raising knowledge and awareness of flood risk and
how levees play a role can be the first step towards creating a more
flood resilient community.

* Continue dialogue. Community engagement is not a one-time
event—it is an ongoing process.

e Embrace differences. Every community is different and the way you
engage with them will vary based on their unique circumstances.






Other chapters within the National Levee Safety Guidelines contain more detailed information on
certain topics that have an impact on engaging communities, as shown in Figure 3-1. Elements of
those chapters were considered and referenced in the development of this chapter and should be
referred to for additional content.

Figure 3-1: Related Chapter Content
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1 Introduction

Levee systems play a critical role for managing flood risk for many communities. Raising
awareness about levees and flood risk and providing engagement opportunities for everyone in
the community are important steps in helping a community become more resilient to flooding.
Resilient communities are likely to have fewer disruptions to community functions and recovery
can be expected to occur more quickly. Raising awareness can be accomplished by
communicating with and engaging people throughout the various phases of the life of a levee

(Figure 3-2).

Figure 3-2: Opportunities for Engaging People Throughout the Life of a Levee

ENGAGEMEN

Building knowledge
and awareness

Important first step in
helping a community
become more flood
resilient.
Understanding:

*  Flood risk

* Levee basics

Engaging about routine
levee activities

Creates a sense of
ownership for the levee
and continues to build
trust in the people and
organizations that manage
them.
Sharing information about:

* Inspections

* Maintenance

» Operations

Engaging for levee
emergencies

Requires a different
approach depending on the
role of the communicator
and the audience they are
trying to reach.
Strategies differ:

» Before a flood

* During a flood

» After a flood

Successful engagement is an on-going process
throughout the life of a levee, not a one-time event.

Engaging for future
levee projects

Creates solutions that are
practical and effective
since they draw on local
knowledge from a diverse
group.
Solutions for:
* Building a new levee
* Rehabilitating or
modifying an
existing levee
* Removing a levee

This chapter is intended to support a wide range of individuals who may have a role in
communicating and engaging with communities about flood and/or levee-related risk during any
phase or activity shown in Figure 3-2. These individuals may include:

e Local leaders and officials

¢ Floodplain managers

» Emergency managers

¢ Regulators

o Levee owners/operators

o Federal, state, tribal, territorial, regional, and local governments

« Technical professionals (e.g., scientists, engineers, private consultants)

Introduction - DRAFT
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Non-governmental organizations
Non-profit organizations

Moving forward in this and other chapters, the term community refers to a network of
individuals and families, businesses, governmental and non-governmental organizations, and
other civic organizations that reside or operate within a shared geographical boundary and may
be represented by a common political leadership. Communities also include stakeholders who
are individuals, groups, organizations, or businesses that have an interest in, can affect, or be
impacted by the proposed project and other decisions.

Within a community, underserved populations may also exist that have limited or no access to
resources or have historically been marginalized and excluded from decision-making processes.
These groups could include people who are:

Socioeconomically disadvantaged.

Have limited English proficiency.

Geographically isolated or educationally disenfranchised.

Those of color as well as those of ethnic and national origin minorities.
Women and children.

Individuals with disabilities and others with access and functional needs.
Seniors.

It is vitally important for community leaders to ensure that tools and resources exist for
everyone, including those who may be underserved, to participate in the communication and
engagement process in order to build a more flood resilient community overall.

1.1 Communication and Engagement Basics

Communication is the practice of developing and sharing information with others and is most
typically thought of as one-way—qgiving a presentation at a public meeting, issuing a press
release, posting information on a website, or providing evacuation information during a flood
emergency. It is an effective technique for reaching many people at once and in some
instances, such as an emergency, is exactly what is needed to keep a community informed. It is
important to keep in mind however, that certain communication barriers can potentially lead to
disengagement. Communication barriers can be physical (e.g., relaying too much information at
once, unclear messages), emotional (e.g., fear, mistrust), or linguistic (e.g., not relaying
messages in different languages).

When communication leads to a conversation with others, engagement begins to happen.
Successful engagement is built on active dialogue that allows for meaningful interactions where
all those involved feel heard and know their opinions matter. Over time, this can lead to
relationships and build trust (Figure 3-3).
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Figure 3-3: Communication versus Engagement
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Throughout this chapter, references are made to flood and levee risk communication; however,
the best practices presented are intended to go a step further than simply communicating with
communities. They are intended to promote engaging (i.e., building relationships and trust) with
others.

Successful engagement is an ongoing process not a one-time event (Figure 3-2). The more
individuals know and trust the source of their flood and levee information, the more effective
interactions can be between everyone involved.

2 Engaging Throughout the Life of a Levee

2.1 Engaging to Build Knowledge and Awareness

Building knowledge and awareness of flood risk can be the first step towards creating a more
resilient community. There can sometimes be a disconnect between community members and
leaders over why flooding occurs, and what is being done to address it. Engaging in a dialogue
about peoples’ experiences during and after a flood event (experiential knowledge) and
identifying what is currently known about the community’s flood risk (local knowledge), including
what has worked in the past and what has not, can be beneficial to developing a foundational
understanding of flood risk (Figure 3-4).
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Figure 3-4: Building Knowledge and Awareness

Building knowledge
and awareness

Important first step in helping a
community become more flood resilient.

Understanding:

* Flood risk
» L[evee basics

It is also important, particularly if engaging with tribal nations to address flooding on tribal lands,
to consider traditional ecological knowledge—which is the body of observations, oral and written
knowledge, innovations, practices, and beliefs that promote sustainability and responsible
stewardship of cultural and natural resources through relationships between humans and their
landscapes (Daniel et al., 2022).

In addition to experiential, local, and traditional ecological knowledge, tools such as flood maps
and inundation maps can be used to help build knowledge and awareness of flood risk. These
maps show possible (or historical in some cases) flooding and can help answer questions like,
what areas will flood, how deep will flood waters
get, and when will the flood arrive? They can also

be used as planning tools, particularly before a COMMUNITY ENGAGEMENT
flood to help inform the development of LEADS TO INCREASED FLOOD
emergency action and evacuation plans (Chapter RISK AWARENESS
10).

) Examples of how community engagement can lead to
Federal agencies such as the United States Army increased flood risk awareness and the development of
Corps of Engineers (USACE), Federal Emergency community-based solutions can be found on the

Management Agency (FEMA), National Oceanic University of lowa/lowa Flood Center’s lowa Watershed
and Atmospheric Administration, and U.S.
Geological Survey produce flood and inundation
maps to help show a variety of conditions
including possible flooding near infrastructure such
as dams and levees (Chapter 4), community

Approach Initiative website at:
https://iowawatershedapproach.org/programs/resilience/.

The “2021 Flood Resilience Action Plan: Guidebook for
Planners” was also developed under the lowa
Watershed Approach which focuses on engagement

exposure to the 1-percent-annual-chance flood, techniques used in rural and underserved communities
expected or imminent flooding based on to increase overall flood risk awareness (De La Torre,
forecasting and precipitation data, and at-risk Hauss and Fixmer-Oraiz, 2021).

areas based on real-time stream data and flood
forecasts.
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Once there is a foundational awareness of flood risk, it is important to continue the dialogue to
help a community understand how a levee fits into the overall flood risk picture (Chapter 1).
Helping community members become aware of the existence of a levee—along with the
benefits and limitations associated with that levee, including how a levee functions or could fail
during a flood event (Chapter 2)—can provide them with the information needed to help make
decisions on reducing their personal risk (e.g., follow evacuation orders during a flood event,
purchase flood insurance, floodproof home and valuables).

Engagement efforts can also focus on increasing community knowledge about issues that could
impact the safe function of a levee and potentially put them at risk. For example, community
members can be encouraged to communicate levee issues to local officials, such as signs of
burrowing rodents, which are a known source of damage that can cause seepage issues,
encroachments (e.g., sheds built into or on top of levees), or unauthorized use of a levee (e.g.,
off-road dirt bikes and all-terrain vehicles). Shared responsibility for levee systems proves
valuable in keeping levees in good condition. Shared responsibility includes all levels of
government (federal, state, tribal, and local) working together to assist communities in reducing
flood damages and promoting sound flood risk management using policies, programs, and
inclusive engagement. In addition, individuals have a responsibility to know their flood risk and,
if possible, take action to reduce that risk.

CASE STUDY: INCREASING PUBLIC AWARENESS OF THE DANGERS
OF ALL-TERRAIN VEHICLES ON LEVEES

The Fort Bend Levee Improvement District 15, located in Sugar Land, TX, uses the power of social media and its website
to routinely educate residents about the importance of staying off the levee and reporting unauthorized use (e.g., all-
terrain vehicles and other motor vehicles) to local authorities. In addition to being against the law at the local level, the
levee district explains how all-terrain vehicles strip away grass which can lead to erosion, cause ruts that can collect water
and lead to flooding, and affect federal levee inspections. The district stresses the importance of these levee inspections
because the information is used in risk assessments, which support the prioritization of levee-related activities.

Through this campaign, the levee district is raising resident awareness about the levee and, in turn, is encouraging
residents to share in the responsibility of keeping the levee safe by reporting unauthorized activities.

More information can be found at: www.fblid15.com/latest-news/all-terrain-vehicles-cause-unwanted-levee-damage/.

Ultimately, building knowledge and awareness is the foundation for all other communication and
engagement that occurs throughout the life of a levee. It allows for:

A shared understanding of challenges/vulnerabilities that exist in the community.
Improved knowledge of flood risk and the role that levees play.
Relationships and trust to be built with the community.

Setting the context for more complex topics (e.g., understanding overall flood risk may
lead to greater understanding of future flood risk reduction projects).

It is important to keep in mind that dams can also be present in the watershed, often working
together with levees as a system to provide flood risk reduction benefits. When engaging with
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communities about their flood risk and levees, raising awareness of the benefits and risks of
dams, if applicable, should also be included in the conversation.

2.2 Engaging About Routine Levee Activities

As explained in Chapter 9, the day-to-day management of a levee includes providing for,
overseeing, and following up on activities, such as inspections and maintenance. Every
engagement with community members offers an opportunity to share information about these
ongoing activities and the current state of the levee, including routinely operating certain levee
features, such as pumps and closure structures, to keep them ready for use in the event of a
flood.

Figure 3-5: Engaging about Routine Levee Activities

Engaging about m

routine levee activities 2.0 @

Creates a sense of ownership for the
levee and continues to build trust in the
people and organizations that manage
them.

Sharing information about:
* Inspections
* Maintenance
» OQOperations

Routine sharing about levee operations creates a sense of ownership for the levee and
continues to build trust in the people and organizations that manage them. Knowledgeable
community members can help alert those responsible for the levee about any problems they
may notice or advocate for necessary funding to help operate and maintain the levee.

During this phase of a levee’s life (Figure 3-5), community members may have an interest in the
ongoing activities listed in Table 3-1.
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Table 3-1: Ongoing (Routine) Levee Activities and Potential Engagement Topics

Activities

ROUTINE INSPECTIONS:
Inspectors visually observe the
condition and physically operate the
levee and associated features, to
gather information on the location,
type, and severity of deficiencies.

Potential Engagement Topics

The physical presence of inspectors on or near a levee,
what they are doing, and why they are there.

The preventative and routine nature of the inspection,
features inspected, how the information is used, and
where it can be found (if information is shared publicly).

Examples:
The city of Auburn, Washington, works with local news
outlets to keep residents informed of routine inspections
that occur on the King County Levee along the Green
River.

o Information includes number of inspectors, what
they are wearing (city-issued clothing and
identification), and why it is important to conduct
routine levee inspections.

o The city also encourages residents to participate
in shared responsibility for the safe operation of
the levee by reporting issues (e.g., seepage) or
unauthorized activity around the levee.

The California Department of Water Resources has an
entire section of its public website dedicated to levee
inspections to include inspection reports on federal levees
in the Central Valley.

MAINTENANCE:

Activities include repairing minor
deficiencies identified during
inspections, clearing encroachments,
maintaining the levee system (e.g.,
mowing embankment slopes,
removing weeds and debris), and
cleaning and checking operational
readiness of levee components (e.g.,
pumps, drainage systems, stoplogs,
gates, and valves).

The physical presence of workers and equipment on the
levee, what they are doing, and why they are there.

Work schedules that could impact community members
(e.g., closure of walking/bike trails on a levee).

Potential conflicts or impacts to other uses of the levee or
areas adjacent to the levee.

o In some locations, removal of vegetation or
encroachments (including incompatible uses) may
be a source of controversy. Additional
engagement approaches may be needed to
address these concerns.

Example:
See “Case Study: Community Learns about Levee
Maintenance with the Help of Goats.”

OPERATIONS:

Activities include installing closure
structures, closing gates on gravity
drainage pipes, and operating pump
stations during flood events, as well
as performing test operations of these
features prior to flooding.

The physical presence of workers and equipment on the
levee, what they are doing, and why they are there.
How operable features help reduce flood risk.

Example:
Each year, the National Park Service and USACE
perform a test installation of the 17t Street levee in
downtown Washington D.C. The annual test installation is
necessary to ensure the levee closure can be erected
properly in the event of high water and is also a
requirement of USACE, which constructed and regulates
the levee system and closure. Because the test impacts a
highly trafficked area used by motorists, bikers,
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and pedestrians, the two agencies use this as an
opportunity to educate the community and visitors about
what is involved in the test and the flood risk reduction
benefits it provides to the area known as the Federal
Triangle.

Test closure of the 17th Street levee in Washington, D.C., provides
an opportunity to engage the public on the importance of the test and
the benefits the flood risk reduction structure provides.

3-8
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CASE STUDY: COMMUNITY LEARNS ABOUT LEVEE MAINTENANCE
WITH THE HELP OF GOATS

Goat grazing is often a cost-effective and environmentally friendly method of keeping vegetation on levees under control.
In some areas of the country, bringing in goats for vegetation management on levees can cost a fraction of the amount it
costs to bring human crews in several times a year to mow. In addition, goats are more environmentally friendly than
using traditional methods to remove vegetation such as herbicides, burning, gas-powered mowers and trimmers, and
heavy equipment.

When using goats, it is important that they are carefully managed to ensure no damage to any of the levee features.
Electric fencing can be used to keep goats confined to the target area, and professional shepherds can manage the
timing, intensity, and duration of grazing to achieve the desired results with minimal impact.

People are often curious about what the goats are doing and many entities with levee responsibilities use this as an
opportunity to educate the community about the importance of levee maintenance and the role that goats play.

One example is the city of Pendleton, Oregon’s “Goat Watch 2022.” This unique social media campaign provided the
community with weekly information on where the goats could be seen grazing on the Umatilla River Levee in the summer
of 2022 and encouraged people to post their own pictures of the goats hard at work. At the same time, the city discussed

how grazing allows levee inspectors to find and address issues in a timely manner, as well as how the annual goat
grazing program is funded.

2.3 Engaging for Levee Emergencies

Effective emergency response depends on communication, in this case, the ability to maintain
situational awareness through the constant flow of accurate information.

When a community experiences a flood, members of that community are usually the first on
scene and typically carry out much of the initial disaster recovery efforts. The social, economic,
and environmental fabric of a community can be greatly impacted after a flood and often there is
a strong motivation to rebuild and return to normal. A changing climate leads to an increase in
extreme weather events (e.g., hurricanes, floods, wildfires) that can result in significant
damages to communities and their levees. Consequently, financial assistance to rebuild after a
flood may become harder to obtain or may be less than what is needed to adequately cover the
community’s losses, due to competition for resources across the U.S.
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For communities looking to rebuild, it is more important than ever to incorporate resiliency into
that plan (Chapter 12). This helps to reduce flood impacts and make overall flood recovery
efforts less expensive, therefore reducing the amount of additional financial assistance needed.

Engaging communities before, during, and after a flood requires a different approach,
depending on the role of the communicator and the audiences they seek to reach, as shown in
Figure 3-6. Engagement activities are likely to be more robust during a flood, particularly if the
community is also facing a levee emergency. Chapter 10 provides more detailed information on
the engagement roles and responsibilities of various stakeholders, including levee
owners/operators, emergency management agencies, and others in the community.

Figure 3-6: Engaging for Levee Emergencies

(1))

Engaging for levee O \9
emergencies

Requires a different approach depending
on the role of the communicator and the
audience they are trying to reach.

Strategies differ:
» Before a flood
* During a flood
« After a flood

Chapters 10 and 12 also explain the need for an emergency action plan and how these plans
are most effective if developed and implemented in close coordination with all entities,
jurisdictions, agencies, and regulators with responsibilities associated with an incident at a levee
or that have statutory responsibilities for warning, evacuation, and post-emergency actions.
They also discuss information on disseminating levee emergency action plans to appropriate
stakeholders, including which stakeholders to engage in routine training and exercises.
Frequent engagement with stakeholders—including annual meetings between levee
owners/operators and emergency management agencies—can facilitate a better understanding
of roles and responsibilities and enhance emergency readiness.

2.3.1 Engaging Before a Flood

Engagement before a flood begins with educating the public about the need for preparedness
(Chapter 12). Despite the frequency of stories seen on the news that prove the devastation a
community may experience from a flood, communicating the importance of preparedness can
be difficult. There are many reasons these messages may not resonate. For some, there is an
optimistic hope that an unexpected disaster could never destroy one’s home or hurt one’s
family. Other community members may explain that they have been in the area for years and
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never experienced any flood-related consequences
(Chapter 4). Others may lack the necessary
financial resources to prepare. Even in the context of

SPECIALIZED ENGAGEMENT

a changing climate and more extreme flood events, Individuals in need of specialized engagement and

it is often difficult to overcome these views and additional assistance may include those who:
realities. Have disabilities—temporary and/or lifelong.
Despite this difficulty, as discussed in section 2.1, Live in institutionalized settings (e.g., nursing
building knowledge and awareness early on about homes, prisons).

flood risk—and the role levees play—can help open Experience poverty.

the lines of communication and build trust between

.. . Are elderly or living alone without any
local officials, community members, and other assistance.

stakeholders such as levee owner/operators and

. . Are medically fragile and/or mobility impaired.
emergency management officials. According to Scott U LY

Roberts, past president of the International Are unhoused.

Association of Emergency Managers, “Trust is built Are from diverse cultures unfamiliar with local
on community and some type of fellowship or practices.

engagement, whether that's going for coffee, having Have limited proficiency in or are non-English
a one-on-one meeting, or publicly addressing a speaking.

community on foot. The desire to genuinely engage Have sight or hearing losses (impairments).
in relationship building with community members
and other professionals in the emergency
management sector reduces the barrier to entry to Have limited access to technology.
understanding each other. It levels the playing field Live in remote areas.

to holistic decision making.”

Lack access to transportation.

Engagement efforts aim to maximize residents’

awareness of the importance of proactive planning and encourage participation in disaster
preparedness activities. It is important to remember, however, that not all community members
have access to the resources, tools, or information in order to participate.

Several best practices for engaging community members before a flood include:

Identify partners able to share resources and responsibilities. Contact local organizations
such as the Red Cross, homeless shelters, food banks, faith-based organizations or
other community leaders and ask them to be part of the education and planning efforts.

Recruit residents for assistance with educational campaigns. Homeowners and other
civic groups are often willing to support engagement activities.

Educate residents on individual home preparedness. Create and promote educational
materials that offer residents tips and best practices for protecting their individual homes.
Ensure that these materials are accessible to everyone including those who lack
technology, have disabilities, or do not speak English. For example, the Santa Clara
Valley Water District, with input from community members and other stakeholders,
develops an annual floodplain mailer that is sent to homes and businesses located in the
FEMA special flood hazard areas (i.e., high-risk flood zones). The mailer provides
information on flood risks, flood insurance, flood safety tips, and resources in four
different languages including English, Spanish, Chinese, and Vietnamese.
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Establish and communicate evacuation procedures. Communicate the location of
evacuation routes and shelters. Include a map and list of facilities that are accessible to
everyone, including those who lack technology, have disabilities, or do not speak
English.

If not already present, implement an emergency notification system and encourage
people to sign up. Ensure the system and sign-up process is accessible to everyone,
including those who lack technology, have disabilities, or do not speak English.

Additional implementable strategies for engaging with underserved and socially vulnerable
populations before a flood are available from the Natural Hazards Center at the University of
Colorado Boulder.' The strategies are based on decades of research by social scientists and
experts in the field of risk communication and work with community leaders to understand the
needs of socially vulnerable populations in the face of hazards and disasters.

Ultimately, engaging beforehand allows for building connected networks and testing approaches
and tools for all segments of the community—including those who are vulnerable or
underserved. A well-informed and prepared community is less likely to be negatively impacted
by flooding or a levee emergency.

2.3.2 Engaging During a Flood

During a flood and/or levee emergency, interactions with the community are potentially focused
more on communication (one-way information out) rather than engagement (two-way dialogue)
due to the necessity for quick action—often known as crisis communication. Emergency (i.e.,
crisis) communications may include alerts and warnings; evacuation and curfew directives, and
information that may impact response and recovery such as status of response efforts and
community services (e.g., roads, power, water); and assistance available for critical needs.

The extent to which people respond to
emergency communication is
influenced by many factors, including FACTORS THAT AFFECT EMERGENCY
individual characteristics and RESPONSE

perceptions, whether the message Keep in mind that several factors can influence the extent to which

comes from a credible source, how the emergency alerts and warnings are received, understood, and
message is delivered, and the followed. These include community, experiential, and individual factors.
message itself. In addition, the level of Community — Community type (rural vs. urban), the

community interaction is likely to affect interconnectedness of community members, and family composition

the extent to which emergency
messages are received, Experiential — How people interpret messages, their previous
experiences, observations (i.e., taking cues from others), and their
perception of risk (i.e., if their perception of personal risk is high, people
will act quickly. When the perception is low, they will delay acting.)

(proximity of extended family, children, and pets).

comprehended, and heeded.
Therefore, engaging with community
members long before an emergency Individual — Age, language, residency status, access and functional
occurs can help build the networks needs, and level of individual preparedness.

and trust necessary to encourage (FEMA, 2021)

action during an emergency.

" https://hazards.colorado.edu/news/research-projects/risk-communication-and-social-vulnerability.
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During an emergency, there are many communication tools to choose from, each with their own
advantages and limitations, depending upon the communication objective and the intended
audience. Table 3-2 presents several communication tools that can be used during a flood or
levee emergency, including the speed at which information can be released and how
widespread the coverage is.

Regardless of which communication tool or combination of tools are chosen, it is vitally
important that key messages during an emergency are clear, specific, and consistent.
Messages that are well crafted and delivered effectively can help protect public safety and
property, facilitate response efforts, prevent confusion and rumors, elicit cooperation from
community members, and instill public confidence. For example, a warning message of, “a
10,000 cubic feet per second flow, moving at 20 feet per second,” is unlikely to spur the same
kind of action as, “a wave of water 20 feet high moving faster than a person can run”
(PrepTalks: Dr. Dennis Mileti ‘Modernizing Public Warning Messaging’, 2018).

Specifically, one should:

Present the information in sequence (i.e., reason for the message, supporting
information, and conclusion).

Word the message precisely, making every word count.
Avoid jargon, codes, and acronyms.

Use common terminology for all personnel and facilities.
Omit unnecessary details.

Speak in sync with other related authorities.

Keep messages consistent across various media.

Ensure messages are released in a timely manner.

Table 3-2: Communication Tools for Use During an Emergency

Communication Tools Speed Coverage
Communications technology
Wireless Emergency Alerts Very fast Widespread
Loudspeakers and public address (PA) systems Fast Limited
Message boards Fast Limited
Social media Fast Widespread
Broadcast media
Radio Moderately fast Widespread
Television broadcast Moderately fast Widespread
Television message scrolls Moderately fast Widespread
Newspaper Very slow Widespread
Tone alerts
Dedicated tone alert radios Very fast Limited
Tone alert and National Oceanic and Atmospheric F .
Administration weather radio ast Widespread
Audio sirens and alarms Fast Limited
Broadcast sirens Fast Limited
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Telephone systems
Wireless communications (SMS) Very fast Widespread
Text telephone (Telecommunications Device for
the Deaf/Teletypewriters)
Reverse telephone distribution systems Fast Limited

Fast Widespread

It is important to remember the audience when selecting appropriate emergency communication
tools, particularly if there are underserved or vulnerable groups of people within the community.
For example, people living in rural or remote communities may lack access to reliable mobile or
internet technology; people with visual or hearing impairments may lack the ability to see or
hear warning signals; people living in extreme poverty may lack access to television, phone, or
internet and therefore rely on inter-personal networks for flood warning information.

Determining who these groups are, where they live, and the most effective way to communicate
with them during an emergency is information that can be gathered during an initial community
assessment (section 3.1), by reaching out to trusted partners and messengers (section 3.4),
and by simply asking members of these groups what is most effective.

These and other best practices for communicating with underserved and socially vulnerable
populations during a flood are available from the Natural Hazards Center at the University of
Colorado Boulder.2

2.3.3 Engaging After a Flood

A primary responsibility for those involved with engagement after a flood is to provide messages
that support the public in safely managing the outcomes of the emergency. Messages may
include information regarding road conditions and status of essential services such as power,
potable water, and wastewater treatment, as well as, in the case of flood inundation, safely
recovering from and remediating flood damaged buildings, belongings, and other human-made
and natural assets.

This phase of engagement also supports individuals seeking financial or other assistance by
communicating how to apply for services. It may be necessary to partner with community
officials to reach out to community members and work with those who may need additional
assistance to ensure they have access to available funds, resources, etc. Keep in mind that all
audiences may not feel comfortable or know how to reach out for this aid; reaching out to
people where they are remains critical.

Engaging with communities after a flood also helps determine what worked and what did not
work in the emergency communication. The lessons learned can inform future response efforts
with the goal of reducing life loss and impacts to businesses, property, and essential community
infrastructure, such as water and wastewater treatment plans, energy facilities, police/fire
stations, and hospitals.

2 https://hazards.colorado.edu/news/research-projects/risk-communication-and-social-vulnerability.
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Table 3-3 lists several FEMA recovery programs worth exploring when developing a post-
disaster engagement strategy. In addition to FEMA, several other federal and state agencies
offer resources for recovery assistance.?

Table 3-3: Federal Recovery Tools for Disaster Assistance

Resource Audience Description

This resource provides contact information and
descriptions for post-disaster assistance for individuals
and families, governments and private non-profits, and
non-English speaking individuals.
https://www.fema.gov/assistance

Individuals,
governments,
non-profits

Assistance
programs

Engaging communities with a FEMA disaster recovery
checklist can be helpful in initiating the post-flood
communication process. This checklist provides all
steps necessary to properly document the disaster,
qualify for insurance or loans, receive floodproofing
information, request rental assistance, etc. Helping
community members complete the necessary
checklists and assistance forms can play a key role in
building trust.
https://www.fema.gov/fact-sheet/disaster-
survivors-checklist

Disaster recovery

checklist Individuals

The community emergency response team is a FEMA
program that offers volunteer training and a framework
for professional responders to follow in disaster
situations, including floods. In addition to post-flood
Volunteers, assistance, these trained volunteers can play an active
professional role in helping the community with flood preparedness
responders activities.
www.fema.gov/emergency-managers/individuals-
communities/preparedness-activities-
webinars/community-emergency-response-team

Community
emergency
response team
(CERT)

2.4 Engaging for Future Levee Projects

Community members are fully engaged when they play a meaningful role in the discussions,
decision making, and/or implementation of projects or programs affecting them (Chapter 6). In
addition, as shown in Figure 3-7, there are numerous benefits to robust community engagement
(Bassler, 2008) when it comes to future levee projects such as:

Increases the likelihood that projects will be widely accepted. Community members who
participate in these processes show significant commitment to help make the projects
happen.

Creates solutions that are practical and effective since they draw on local knowledge
from a diverse group.

3 Additional recovery assistance resources can be found at https://www.disasterassistance.govl/.
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Improves knowledge and skills in problem solving. Participants learn about the issues in-
depth, and greater knowledge allows them to see multiple sides of the problem.

Integrates people from different backgrounds. Groups that typically feel ignored can gain
greater control over their lives and their community. When people from different areas of
the community work together, they often find that they have much in common.

Creates local networks of community members. The more people who know what is
going on and who are willing to work toward a goal, the more likely a community is to be
successful in reaching its goals.

Creates several opportunities for discussing concerns. Regular, on-going discussions
allow people to express concerns before problems become too big or out of control.

Increases trust in community organizations and governance. Working together improves
communication and understanding. Knowing what government, community citizens,
leaders, and organizations can and cannot do may reduce future conflict.

Figure 3-7: Engaging for Future Levee Projects

Engaging for future
levee projects

ﬁ
Creates solutions that are practical and

effective since they draw on local
knowledge from a diverse group.

Solutions for:
* Building a new levee

* Rehabilitating or modifying an
existing levee
* Removing a levee

In addition, engaging with the community on a new project can allow for shared understanding
of (Bassler, 2008):
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Differing values and priorities.

Different ways that citizens view the community or a particular project.
Various alternatives and consequences.

Different ideas and potential solutions and actions.

Perceptions of the benefits and risk.
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Presenting the potential benefits and risks of a levee project—whether planning for (Chapter 6),
constructing (Chapter 8), rehabilitating/modifying, or removing a levee (Chapter 11)—can help
people understand the tradeoffs of the decision being made. For example, building a new levee
can help reduce flood risk; however, if increased development behind the levee is permitted,
then exposure to flood risk is essentially increased over time, rather than decreased (Chapters
4 and 5).

CASE STUDY: SUCCESSFUL COMMUNITY ENGAGEMENT LEADS TO
NEW LEVEE SETBACK PROJECT

Atchison County, located in the northwest corner of Missouri along the Missouri River, suffered significant damages as a
result of the 2019 flood in which the levee was breached in seven locations. This flood event inundated 56,000 acres
within the county, flooded 166 homes, and cost $25 million in agricultural revenue, among other impacts.

Because damage to the levee and surrounding agricultural community was so extreme, and the risk of the levee
breaching again was likely if built back in the same alignment, the Atchison County Levee District wanted to take a more
proactive approach to possible future flooding. Partnering with community members—who were also affected
landowners—and numerous state and federal agencies, the levee district and USACE looked at several solutions
including repairing the existing levee to its pre-flood condition and setting the levee back, which would allow more room
for the river to flow. Ultimately, setting the levee back proved to be more favorable from a cost standpoint but created a
significant challenge, as it would place many landowners on the water side of the levee—owners who had been farming
the land for decades.

The Atchison County Levee District enlisted the help of The Nature Conservancy to bring together all parties to identify
barriers to success and develop potential solutions. This strategy proved to be successful in that establishing and
understanding the common goal—to protect the landowners on the water side of the levee by offering fair compensation
and support for relocation—allowed the group to identify and develop a unique funding and implementation strategy.

The strategy utilized a permanent easement program from the Natural Resources Conservation Service which allowed

landowners to receive fair compensation for their previously flooded land and move to a less vulnerable location. The
permanent easement also established conservation land which provides numerous ecological benefits, such as
increased floodplain habitat for fish and wildlife, increased groundwater recharge, and water quality improvements.

By engaging with others and creating the space for collaboration, the Atchison County Levee District found a cost-
effective strategy for flood mitigation that benefits landowners, the community, and the environment well into the future.
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3 Best Practices for Engaging with Communities

The following best practices are applicable to any phase of the life of a levee (as discussed in
section 2) and can be scaled up or down depending on community size and available resources
such as staffing or funding.

3.1 Community Assessments

A community assessment is the process of identifying the strengths, needs, and challenges of
a community.

Strengths are the skills and abilities of individuals, as well as resources provided by the
community such as political, religious, educational, recreational, and youth
organizations; community, civic, and service groups; local businesses, nonprofit
organizations, and volunteer groups. Simply put, strengths are any element that
improves the way a community works.

Needs are gaps in policies, programs, community services, etc., and represent areas
that can be improved upon to strengthen the community as a whole.

Community challenges are problems that arise as a result of its needs.

Conducting a community assessment can help provide a better understanding of who might be
impacted by flooding and levee activities and their understanding, interests, and perceptions of
flood and levee risk. It can also help identify peoples’ ideas or expertise for solutions and
resources available to enhance levee-related activities and emergency planning.

An assessment helps determine how wide the audience for engagement should be, and
depending on the activity, certain groups of people may need more direct engagement than
others. For example, people who are engaging on a future levee project may need more
targeted engagement if they are concerned about construction impacts to roadways, the
movement of buildings to a new location, or environmental impacts. If the goal is to build
knowledge and awareness of flood risk and basic levee information, the target audience may be
extremely broad, but the timing, level of detail, and method of engagement might be quite
different.

It is also important to note that there may be community members who are vulnerable to flood
risk or impacted by a levee activity but do not know they are; therefore, they are not engaging.
Lack of engagement does not imply that they do not care or are not interested. It is equally
important to consider these groups of people when conducting a community assessment as part
of developing the overall engagement strategy.

In order to gather information about the audience to be engaged, the following questions can be
asked:

Who is invested in the topic?
Who should be involved in the levee-related effort?

What are the locations and demographics of these groups?
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As part of this research, it is also important to learn the potential risks within the community, the
magnitude of recent floods, the impact of previous flood events on the community, and how
levees played a role in the outcome.

In many cases, previous studies and/or risk assessments exist which may provide insight into
past circumstances and reduce the time needed for additional research. It is important to keep
in mind, however, that these documents may not have considered social, cultural, economic, or
other impacts to people in underserved communities. Emergency managers and federal, tribal,
state, regional, and local partners are often reliable sources of information. In addition, trusted
leaders in the community, the academic community, and technical professionals (i.e., scientists,
engineers, geologists, and floodplain management professionals), may be able to provide
guidance on locating specific information.

Internet research can often provide additional useful information such as population
demographics, community information sources, popular local activities, and gathering places.
Even potential vulnerabilities or factors that may prevent an individual from receiving or acting
on information (e.g., lack of mobility, transportation, technology, or non-English speaking) are
available through this type of research. The following sources may be useful:

U.S. Census Bureau: Provides regional information such as racial diversity, income,
educational attainment, and employment.

National Levee Database: Assists in determining what is located behind a levee such as
buildings, population, and property values.

Historical documents: Provides information on important events, previous
communications, and previous levels of stakeholder involvement. The online availability
of these documents is growing. Again, it is important to remember that past levels of
involvement do not always indicate the true number of people who were interested in or
impacted by the project. For example, those who are non-English speaking may not
have been able to understand information that was disseminated about the project or
those living in extreme poverty or lacked transportation may not have been able to
attend community meetings about the project.

Underserved community information is available from the following:
- Centers for Disease Control’s Social Vulnerability Index website.

- Environmental Protection Agency’s Environmental Justice Screening and Mapping
Tool (U.S. EPA, 2023) website.

- Council on Environmental Quality’s Climate and Economic Justice website.
- FEMA'’s National Risk Index website.

- State-specific environmental justice websites (examples include California, New
Jersey, and North Carolina).

After gathering basic demographics, leaders or other respected members of the community can
provide more information about suggested communication preferences. This is also a time to
learn more about who they think might be other interested individuals and groups, determine
who the community views as a trusted source of information, and identify those able to make
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contributions to the flood and levee risk engagement effort. As discussed further in section 3.4,
identifying and engaging trusted partners and messengers is an essential component in building
effective engagement.

This type of early outreach helps to establish longer-term relationships with key individuals and
the community at large. These same people are often able to help develop on-going
communication and engagement strategies and identify important next steps to fulfill the
engagement goals.

While community assessments are a recommended first step, they only reflect a particular point
in time and would benefit from updates as community circumstances or levee activities change.

CASE STUDY: COMMUNITY VULNERABILITY ASSESSMENT
PORTFOLIO

The National Centers for Coastal Ocean Science, a research arm of the National Oceanic and Atmospheric
Administration focused on coastal ocean science, has undertaken an initiative to develop locally-based solutions to
“better protect, advance and manage climate change impacts within local communities, specifically those communities
with high hazard probability and high social vulnerability.”

Through the Community Vulnerability Assessment Portfolio, every year the National Centers for Coastal Ocean Science
identifies one community or region and works with local partners and stakeholders to assess community climate
vulnerability (e.g., social vulnerability, flood hazard). Priority is given to those communities that are often omitted from
national screening tools, such as U.S. territories and Alaska. Each project starts with a community assessment to
understand the demographics of the community, social and economic factors, level of vulnerabilities and hazards, local
knowledge of past flooding, etc. This information is gathered from national datasets and extensive engagement with
stakeholders and others in the community.

When incorporated with risk analysis, the information garnered from a community assessment serves as an important
foundation for developing solutions that are locally tailored and provide for effective, equitable planning.

National Centers for Coastal Ocean Science is currently focusing its efforts on the U.S. Virgin Islands, which according to
the agency, are home to some of the nation’s most disadvantaged and underserved populations in harm’s way. More
information about the Community Vulnerability Assessment Portfolio, including past assessments, can be found at
https://coastalscience.noaa.gov/project/programmatic-execution-of-nccos-vulnerability-assessments/.

3.2 Communication and Engagement Goals

A community assessment provides a better understanding of the people to be engaged and
informs the development of communication and engagement goals.

To begin developing the goals, it is important to understand the intent of the engagement. Is the
intent to inform, influence, inspire, or motivate? Or is it to build relationships, learn, and/or
advance or socialize ideas? After determining the intent, the desired outcome should be
defined. The outcome describes what community members might do or gain because of the
engagement. Communication and engagement goals may differ depending on the levee activity;
however, goals should be achievable. If resources are limited, goals may have to be scaled
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back to ones that are achievable. Using the SMART method (Figure 3-8) can help set goals that
are achievable.

Figure 3-8: SMART Method of Goal Setting

©® QPECIFIC

Plan with specific
targets in mind.

YIEASURABLE

Track progress and reevaluate
along the way.

‘® INTTAINABLE

Set realistic goals that are
challenging but achievable.

¥ K{ELEVANT

Ensure the goal serves
a relevant purpose.

Q LIME BASED

Specify a deadline, monitor
progress and reevaluate.

Some example engagement goals may include:
Increase awareness of the community’s flood risk.
Promote awareness of levees, including their benefits and risks.
Promote an understanding of the levee’s purpose.

Provide tools that allow community members to be stewards and advocates for their own
levee system.

Encourage people to take actions to reduce their risk like creating a readiness kit or
purchasing flood insurance.

Enhance community readiness to respond to emergencies.
Gather input on a proposed levee project.

Develop solutions in collaboration with community members.
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3.3 Level of Engagement

Community engagement can be complex and labor-intensive and require dedicated resources
such as time, funding, and people with the necessary skills. Those who have a role in engaging
with the community may not have the resources necessary to carry out a wide-scale
engagement effort or hire a private firm to develop and execute an engagement plan; therefore,
it is critical to determine the appropriate level of engagement based on the goals that are set.

One useful tool developed by the International Association of Public Participation is the
spectrum of public participation (Figure 3-9). This spectrum can assist with the selection of the
most appropriate level of participation relative to the engagement goals, including the role
communities need to play in the decision-making process.

Moving through the spectrum from left to right—from inform to empower—there is a
corresponding increase in expectation for public participation and impact. ‘Inform’ represents a
relatively low level of public participation and ‘empower’ represents an increase in expectations
and an increased level of public impact on the decision. It is not uncommon for agencies to
promise the public more potential influence than what is possible. For instance, many agencies
are not legally able to promise decision-making authority (i.e., empower). Despite this, it is
important to choose the highest level of engagement possible that aligns with the established
goals.

Figure 3-9: International Association of Public Particiation Spectrum of Public
Participation
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In the case of a levee project, the scale of engagement may be limited to just the locations
where the activity will occur. Although, if a change to one part of the system impacts some other
aspect of the system, there may be a need for greater engagement. The level of engagement
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may also be greater if trying to raise knowledge and awareness about flood risk and the levee
(section 2.1).

As an example of determining an appropriate level of engagement, Figure 3-10 illustrates three
areas that are behind levees: an agricultural area, a suburban area, and an urban area. In the
case of a large storm event, all the dotted circle areas in the illustration may experience some
flood impacts and heightened risks to levees. The breadth of communication in this situation
may include all the locations that receive flood risk reduction benefits from the levee; however,
the depth of the engagement may be scaled to give more emphasis to the areas of highest
concern. This decision may be based on population, location of other critical infrastructure (e.g.,
fire and police stations, hospitals, water/wastewater treatment facilities), levee condition, and
other circumstances specific to the location.

Figure 3-10: Example of Engagement Level Based on Levee Footprint

Levee near urban area

Levee near
suburban area

Levee near
agricultural area
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CASE STUDY: INCREASED LEVEL OF ENGAGEMENT LEADS TO
SUCCESS IN FUTURE PROJECTS

Over the past 20 years, Delaware County, New York, has experienced major flooding, including from Tropical Storm
Irene. In 2011, the community experienced increased flood damages to homes, farms, and businesses along the
Delaware River, due to filling of the floodplain with flood waters. Despite these losses, the community continued to
redevelop the floodplain. The Delaware County Soil and Water Conservation District, municipal leaders from surrounding
communities, and other stakeholders decided it was time to do something different. With the help of a consultant, the
team modeled various flooding scenarios, past and present, to show community members what flooding in the floodplain
looked like and how they were being impacted and would continue to be impacted if development in the floodplain
continued. Community members were also shown various floodplain restoration solutions and the benefits of each
solution to include reduced damages, environmental benefits, and lower flood insurance rates.

Armed with this information, community members were then asked to help choose the most appropriate solutions. As a
result of this collaborative level of engagement, two major floodplain restoration projects have been completed and the
community is supportive of looking at future projects to include relocating businesses, acquiring land, demolishing
buildings, restoring native vegetation and removing invasive species, correcting the elevation and slope of the floodplain,
creating a riparian buffer, and restoring wetlands where possible. More information about this project, including lessons

learned, can be found at https://coast.noaa.gov/digitalcoast/training/walton-village.html.

(a) The West Brook site before restoration. (b) The West Brook site after fill was removed and graded to the correct
elevation and slope to allow water to spread out onto the floodplain.

3.4 Partnering with Trusted Messengers

Past experiences and on-going events can affect how receptive an audience is to an
engagement effort. For example, any of the following concerns could contribute to a
community’s lack of trust when officials reach out to them:

General distrust of government.

Uncertainty or confusion regarding one’s flood risk, especially as compared to neighbors
in nearby communities.

Language barriers.
Rumors and urban myths.
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Inability to access information due to lack of technology.
Varying political and economic perspectives.

Lack of trust due to historical injustices to members of racial and ethnic minority
communities, including Native American communities.

Successful engagement requires trust and shared understanding. One way to begin building
this trust is to collaborate with trusted community messengers. Trusted messengers help
develop and provide the four key elements needed to build trust—empathy, honesty,
commitment, and expertise. The use of trusted messengers can be particularly important in
establishing engagement with hard-to-reach communities, under-represented populations, or
those who face barriers in receiving traditional communications.

Knowing an audience’s needs will help with identifying those trusted partners. For example,
after Hurricane Sandy severely impacted New York and New Jersey in 2012, the local veterans’
health care center was a reliable source of disaster information for the veteran community. In
the 2013 floods in Boulder, Colorado, county officials connected with senior living organizations
to foster information transfer and engage the community in addressing long-term risks to their
elderly population. In this case, these senior living organizations were essential trusted
messengers for reaching a socially vulnerable portion of the population.

To identify a trusted messenger, consider who the audience respects and to whom they will
listen. The community assessment is one source of this information. Other methods to help
build familiarity with the community include local media and key community service providers,
such as places of worship, businesses, nonprofits, social services, advocacy organizations, or
mutual aid groups. If these individuals cannot be immediately identified, it may be helpful to
check with other local agencies, visit local events, conduct community interviews, or distribute a
survey to gather more information.

Local government representatives, such as floodplain managers or zoning officials, may also
help to identify trusted messengers. These representatives often have a strong familiarity with
and connections to the target population and their trusted leaders and may be a helpful first
connection. State, regional, and even federal representatives, including state hazard mitigation
officers, university extension offices, Council of Government Resource Conservation District
personnel, FEMA personnel, and state and tribal historic preservation officers, may also have
familiarity with trusted groups and serve as trusted messengers.

Table 3-4 describes types of trusted messengers that may be potential partners in engaging
with the community.

Table 3-4: Sources of Trusted Messengers

Source Potential Partners

Local public schools, universities, and community colleges
Public hospitals or clinics

Centers for independent living

Any publicly funded or private educational institution

State or federal agencies

Municipal libraries

Institutions
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Source Potential Partners

Police officers and other emergency personnel
Local parks department

Grassroots or Local neighborhood organizations
citizens’ Community centers
associations Seniors’ groups

Veterans’ groups
Local officials, politicians, and leaders
Local social media influencers or bloggers
Applications, such as Nextdoor
Community-based Non-profit housing organizations
organizations Homeowners’ associations
Food kitchens and emergency housing shelters
Halfway houses, substance abuse homes, domestic violence shelters
Churches
Clinics and counseling centers
Advocacy groups for environmental, safety, drug abuse reduction, etc.
Private sector Banks
Chambers of commerce
Businessmen/businesswomen associations
Local businesses
Media Commercial and nonprofit news and editorial providers
Bloggers and influencers

IDENTIFYING POTENTIAL ENGAGEMENT CHALLENGES

In addition to language, there can be other challenges to engagement that trusted messengers can help identify and
develop strategies to address them. The following questions support the identification effort:

What cultures and languages are prevalent in this community, and how may these cultural and linguistic
differences impact message receipt and interpretation?

Is there a distrust of government or other authoritative bodies? Is there a way to ease distrust?

Do any community members have disabilities, such as hearing or vision impairment? What resources are in
place to communicate information to these groups or individuals?

Are there pockets of the community or community members living without access to the internet?
Are any community members living in remote locations?

Where do most community members receive information about important events?

Have any community members experienced a flood event previously, and how may this impact their perception
of risk or receipt of levee risk communication?

Who and where are leaders within the community (both formal and informal)?

Does a portion of the community work night shifts or unconventional hours? If so, what are alternative ways to
communicate?

After identifying a potential trusted messenger, determine if that individual (and their associated
organization) has an existing relationship with the community, or how to create a new
connection to this person/organization. While some messengers are happy to provide feedback
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and share the messages with the target audience, others may require an investment of time to
build a relationship. Building these relationships early will pay dividends later.

By gathering information about the community and establishing a relationship with trusted
messengers, special communication needs will become more transparent; needs such as
communication requirements for individuals with disabilities or languages other than English.

For example, in Los Angeles, California, there is an identified need to provide county services in
12 different languages and provide limited services for another six languages. Even in less
urban settings, significant numbers of individuals may require language support. According to
U.S. Census data, close to 8% of Nebraska’s residents speak Spanish, Vietnamese, and
Ambharic, Somali, or other Afro-Asiatic language. Some documents produced by FEMA and
other agencies are already available in different languages. If needed outreach materials are not
yet available in the desired languages, consider obtaining the support of a translator. Many state
and local governments already have access to these types of services.

3.5 Key Messages

Key messages are main points of information in bite-sized pieces that an audience can hear,
understand, and remember when they are learning about or engaging in a levee-related effort.
Effective key messages can help get people on the same page—messages that begin with what
people care about can be a powerful tool for overcoming differences in opinion and finding
common ground. This is as true for engagement with residents and community leaders as it is
for conversations with elected officials or colleagues in other municipal departments. Using
effective messages that resonate will help make flood risk relevant to community members and
build a wider consensus for taking actions to reduce risks.

Effective key messages are:

Concise: Bite-sized information that is easy to understand and remember (ideally three
to five key messages per topic and one to three sentences for each key message).

Strategic: Define, differentiate, and address benefits. Key messages addressing the
benefits and risks of levees can help support understanding for future levee-related
projects.

Relevant: Balance of what needs to be communicated with what the community needs
to know.

Compelling: Provide meaningful information to stimulate action.
Simple: Easy-to-understand language with no technical jargon and acronyms.
Memorable: Messages are easy to recall and repeat.

Tailored: Not all audiences access or regularly consume information in the same way.
Pictures are not helpful to vision-impaired people, and messages in English may not
reach all audiences. The meanings of words and concepts may differ across cultural
groups. This is where the knowledge gained in the community assessment and the
survey of trusted partners may become invaluable.
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An example of one of the most recognized key messages related to flooding consists of all the
elements of an effective message and contains just four words—Turn Around Don’t Drown®
(National Weather Service and NOAA, 2003).

3.6 Communication and Engagement Techniques

Table 3-5 presents examples of communication and engagement techniques that can be used

depending on the level of engagement chosen (refer to section 3.3).

Table 3-5: Example Communication and Engagement Techniques

Inform Consult Involve Collaborate Empower

=  Website =  Polls = Workshops = Largegroup = Decision-
=  Email =  Voting = Mapping meetings making
= Fact sheets =  Surveys = Digital = Document platform
= Videos = Interviews storytelling co-creation = Citizen juries
» Infographics = Focus groups = Design = (Citizen =  Community
= Social media =  Workshops charette advisory projects
» Advertisements = Online forums = Scenario committees
= Posters = Online testing
= Information commenting = (Citizen

hotlines = Social media panels
= Presentations/ discussion/

live streaming town halls
= Expert panel = Voicemalil
= Displays/exhibits commenting
= Site visits/tours = Open houses
= Mediacoverage = Comment
= Public meeting boxes

3.6.1 Reaching Underserved and Vulnerable Populations

While vulnerability to flooding typically refers to the susceptibility of exposed persons, property,
or the environment to harm from an identified hazard, there are factors beyond physical
exposure to flooding that may make some populations more vulnerable than others when a
flood occurs.

Section 2.3.1 in this chapter and Chapter 12 explain certain characteristics that may exist for a
person or group—in terms of their capacity to anticipate, cope with, resist, and recover from the
impact of a natural hazard—and it is the combination of these factors that determines social
vulnerability. Historically underserved groups may be vulnerable due to economic situations,
racial discrimination, or lack of access to education or other opportunities. A person or group
may also be vulnerable due to age or disability. In any case, it is important to be aware of social
vulnerabilities that exist within a population of concern and to account for these differences in
the engagement process (Chapter 4).

Working with trusted messengers may be particularly important in addressing the needs of
vulnerable groups, as these populations may rely more heavily on trusted messengers than
other portions of the community do. Engaging advocacy groups, organizations that assist
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underserved populations, and leaders within socially vulnerable groups is fundamental for
successful engagement.

In addition to working with trusted messengers, it is essential to consider how each vulnerable
individual or a larger population will receive information and be able to adapt or respond when a
disaster occurs. For example, if emergency communication involves notification to evacuate
regions with potential flooding, consider if individuals within these neighborhoods would have
the means to evacuate safely and effectively. If few individuals within certain neighborhoods
own cars, consider how bus routes or other public transportation methods may stop during a
flood event and how to communicate this ahead of time.

In reaching underserved and socially vulnerable populations, it is vital to use clear and concise
language, to repeat information, and to deliver messages through a range of information
channels and methods. Use of community networks, technology, and trusted messengers may
be particularly important.

3.7 Evaluating Engagement Results

Evaluating the results of engagement is an essential best practice done iteratively throughout
the life of the levee. Feedback from evaluations helps improve the effectiveness of future
engagement by building on successes and avoiding pitfalls. It helps encourage effective
audience participation and helps with adaptation to unique situations or the allocation of
resources. New evaluations should occur after major events or times of change to reassess
strategies as needed.

No matter how one decides to evaluate and measure the engagement effort, it is important to
remember that evaluations should be done regularly during any levee activity. Each
engagement effort should be evaluated with the goal of continuous improvement.

Ultimately, evaluation is about understanding if communication efforts led to an intended
outcome. Outcomes such as:

Did the information or message reach the target audience?

Has there been a change in media coverage, the types of questions asked, or the level
of participation?

Is the needed information reaching all target audiences equally?

Did the target audience act in response to the communication?

Were interactions sufficient to allow for two-way discussion and learning?

Did the process for engagement ensure everyone was heard and understood?
Were audience needs (food, childcare, schedules) accommodated?

Did engagement build trust?

The evaluations should directly correlate to the goals of the overall engagement and the goals
of each key task and event. Formal evaluations and reports may not be necessary.
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Simple methods exist to help evaluate the effectiveness of communication and engagement
efforts such as looking for readily available information:

Find out how many other reputable media sources are sharing the intended information.
Evaluate:

- The extent and tone of press coverage.
- The accuracy and completeness of key information disseminated.
Assign designated observers at a meeting to provide feedback.

Ask community members and stakeholders what they think (verbally through evaluation
forms and non-verbally through the use of surveys).

The iterative process of communicating and engaging on flood risk and levee-related activities,
evaluating results, and then adjusting allows for an improved engagement strategy over the life
of the levee.

4 Putting it All Together—Engagement Plan

One effective tool that can help document engagement efforts is a community engagement
plan. The engagement plan is essentially a roadmap for how to work collaboratively with the
community over the course of planned levee activities. A community engagement plan does not
have to be elaborate; however, at a minimum should contain some of the tools and strategies
discussed in this chapter including results of the community assessment, engagement goals,
level of engagement, identification of trusted messengers, key messages, engagement
techniques, and strategy for evaluating results. More detailed information such as specific tasks,
schedule, budget, and responsible staff can also be included as part of an engagement
strategy.

Developing a community engagement plan can help ensure that engagement goals are aligned
with the community’s goals, as well as provide clarity of effort, increase accountability among
everyone involved in engagement, and allow for a more well-developed approach before
interacting with the community. It can also serve as a valuable resource for new staff who may
have a role in the engagement process.

There is no one standard template for a community engagement plan. Each plan will look
different depending on the scenario and community; however, it should be developed to meet
the needs of the plan’s users, as well as the audience being engaged. In addition, a community
engagement plan can focus on general hazard mitigation strategies of which a levee may be a
small part. There are numerous resources to assist with developing a community engagement
plan—one of which is the FEMA Flood Risk Communication Toolkit for Community Officials.4
This comprehensive resource includes templates and guides for developing a communication
plan along with engagement strategies for addressing flood risk.

4 The toolkit is available at https://www.fema.gov/floodplain-management/manage-risk/communication-toolkit-
community-officials.
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5 Summary

Raising awareness about levees and flood risk and providing engagement opportunities for
everyone in the community are important steps in helping a community become more resilient to
flooding. The best practices described in this chapter (Figure 3-11) can help anyone who may
have a role in engaging with the community begin to build trust and continue the dialogue
throughout the entire life of the levee, from increasing knowledge of levee and flood risk basics
to including community members in decisions related to current and future levee projects as well
as other flood risk reduction measures.

When implementing any of these best practices, it is important to consider areas of the
community where people face barriers or vulnerabilities that can prevent successful
engagement from happening. In these instances, a shift in strategy may be necessary to ensure
everyone has equal opportunity to participate.

Ultimately, successful engagement is an ongoing process, not a one-time event. The more
individuals know and trust the source of their flood and levee information, the more effective
interactions can be between everyone involved.

Figure 3-11: Best Practices for Engaging Communities
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Related content associated with this chapter is included in detail in other chapters of the
National Levee Safety Guidelines as described in Table 3-6.
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Table 3-6: Related Content

Chapter

»
»
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Chapter Title

Related Content

Flood risk management strategies

resilience planning

M 1 Managing Flood Risk . .
-~ » Climate change impacts
2 Understanding Levee » Understanding how a levee functions
Fundamentals
zpoa . .
3 Engaging Communities
. . . » Estimating consequences
@\ 4  Estimating Levee Risk ] =
» Social vulnerability
5 Managing Levee Risk » Understanding risk
L] . [ i '
:./“ 6 Formulating a Levee Project Understanqmg levee projects at various
aaa phases of lifecycle
8 Constructing a Levee » Engagement during levee construction
9 Operating and Maintaining a Levee - Levee-related activities
. . * Emergency preparedness
10 Managing Levee Emergencies ] ]
» Evacuation planning
\f/ 11 Reconnecting the Floodplain ’ Engagelmentf(.)r.flloodplam
restoration activities
12 Enhancing Community Resilience » Community involvement in flood
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Estimating
Levee Risk

= Key Messages
This chapter will enable the reader to:

* Understand levee risk. Levee risk is the likelihood of occurrence and potential
consequences of levee breach or malfunction of levee features. Hazard loading
covers a full range of possible hazards.

* Prepare scalable risk estimates. Risk estimating techniques are scalable and
should be commensurate with the purpose of the risk estimate and the decisions
that are informed by the risk estimate.

* Understand risks. Levees shift risk from one area to another, especially along rivers
where they impact the capacity of the river conveyance. They also have a capacity
that can be exceeded by larger floods.

¢ Evaluate risk. Life safety is paramount, but economic and other considerations also
influence decision making.
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Other chapters within the National Levee Safety Guidelines contain more detailed information on
certain topics that have an impact on estimating levee risk, as shown in Figure 4-1. Elements of
those chapters were considered and referenced in the development of this chapter and should be
referred to for additional content.

Figure 4-1: Related Chapter Content
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1 Introduction

The purpose of this chapter is to present risk concepts and describe how to estimate,
characterize, and portray flood risk reduction benefits provided by the levee, the non-breach
risk, and the risk associated with levee breach or misoperation. The chapter discusses various
types of risk assessments and provides guidance on scaling the level of effort commensurate
with decisions to be made. The intent is to highlight considerations for evaluating each part of
risk—hazard, performance, and consequences—while acknowledging that risk assessment is
an evolving field and computational approaches may vary depending on the situation. The focus
of this chapter is on developing a credible risk estimate and building a well-supported case for
levee risk management decisions (Chapter 5).

The intended audience are those practitioners performing the risk assessment calculations and
decision makers who should be familiar with the benefits and limitations of risk assessment.
Stakeholders who review risk estimates, characterization, and/or decisions drawn from them
may also benefit.

2 Risk Concepts

2.1 Definition of Risk

There are many definitions of risk. The International Risk Governance Center defines risk as a
measure of the uncertain outcome of an event with respect to something of value (Renn, 2005).
Risk has the following three components: (1) a scenario (e.g., levee breach), (2) a probability
estimate for the scenario, and (3) the consequences of the scenario. In these guidelines, risk is
defined as the measure of the probability (or likelihood) and consequence of uncertain future
events. The evaluation of risk is needed for decision making under uncertain circumstances to
help answer the following questions:

What can go wrong?

How can it happen?

What are the consequences?
How likely is it to happen?

Decision makers face two broad categories of risk—risk of loss and the chance of unrealized
benefits. A risk of loss could be due to flood, storm damage, infrastructure failure, disruption of
services, bad weather, or economic setbacks. Types of losses include loss of life, adverse
impacts to health and safety, property damage, environmental degradation and ecosystem
damage, interruption of transportation services, and reputation damages, among others. A risk
of loss is sometimes referred to as a pure risk because there can only be a loss. The risk of an
unrealized benefit is sometimes called a speculative risk because there can be a loss or a gain.
Examples of unrealized benefits include transportation cost savings that do not occur,
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ecosystem restoration benefits that do not materialize, operation and maintenance efficiencies
that are not realized, or an investment that does not produce the expected returns.

Risk is described by the following general expression:
+ Risk = Probability x Consequence

This is not a literal formula for calculating risks. Most risk calculations are more complex. It is
instead a conceptual expression that helps one think about risk.

If there is no chance of an event occurring (i.e., probability is zero), then there is no risk.
Likewise, if there are no consequences resulting from an event occurring, then there is no risk.

Understanding what is driving the risk estimate is just as important, if not more important than
the estimate itself. There could be two situations that seemingly have the same risk, but what is
driving the risk for each of the two situations can be very different. A high consequence/low
probability event and a low consequence/high probability event may have the same risk
estimate in terms of the product of the probability and consequences. However, these
seemingly identical risk estimates have very different characteristics and may lead to different
decisions. Risk has a social context, and it is multidimensional. It cannot be described
completely by a single number.

Risk is dynamic and can increase or decrease due to changes in any and/or all parts of the risk
equation. The term risk, when used in the context of levee safety, is calculated in three parts,
shown schematically in Figure 4-2:

o Hazard: The likelihood of occurrence of a load (e.g., flood event).
o Performance: The likelihood of an adverse structural response (e.g., levee breach).

+ Consequence: The magnitude of the impacts resulting from the adverse event (e.g., life
loss, economic damages, environmental damages, loss of critical functions).

Levee Risk = Probability (Hazard x Performance) x Consequences

Figure 4-2: Components of Risk

HAZARDS PERFORMANCE CONSEQUENCE

How will the levee
perform in the face of
these hazards?

What are the hazards
and how likely are they
to occur?

Who and what are in harm’s way?
How susceptible to harm are they?

How much harm is caused?

pw
- i
COMPONENTS OF RISK

4-2 DRAFT - Risk Concepts



National Levee Safety Guidelines | 4: Estimating Levee Risk

2.2 Uncertainty

Uncertainty is the result of imperfect or missing knowledge related to risk or components of
risk. It reflects a lack of awareness, knowledge, data, or evidence about circumstances related
to an event, including its consequence and/or likelihood. To make an informed decision, it is
important to separate what is known from what is not known. One of the fundamental principles
of risk assessment is to base assessment of risks on the best available science and evidence. A
second foundational principle is to focus appropriate attention on the unknowns that could
impact decisions.

Uncertainty, as used in these guidelines, comprises limitations in knowledge and natural
variability. Limitations in knowledge (also referred to as epistemic uncertainty) is attributed to a
lack of knowledge on the part of the observer. It stems from a lack of or inadequate information
and arises from incomplete theory, incomplete understanding of a system, modeling limitations,
and/or limited data. It is reducible in principle, although it may be difficult or expensive to do so.
For example, there is often significant uncertainty about geologic conditions along the levee
because levees are long linear features that span variable terrain. The understanding of
subsurface conditions could be improved with additional drilling, better modeling of geologic
processes, or additional laboratory testing. In theory, investigations with close enough coverage
could completely remove this uncertainty, but it is not practical.

Certain parameters that influence risk estimates have natural variability (also referred to as
inherent uncertainty or random variation). For example, random variations naturally occur in
weather patterns and resulting hydrologic characteristics from year to year. This uncertainty
cannot be reduced by obtaining more information; however, more data may improve estimation
of the natural variability that exists. Significant natural variability could impact the understanding
of risk and make decisions more challenging because the decisions will need to account for a
potentially large uncertainty that cannot be reduced.

Uncertainty may influence decisions. Both the magnitude of uncertainty and the sensitivity of a
decision to that uncertainty are important. In some cases, decisions can be made with
confidence despite large uncertainty. In other circumstances, additional data collection and
analyses are required to reduce uncertainty and refine the risk estimate before a decision can
be made. Well-supported decisions account for factors driving the risk, the sensitivity of risk
estimates to individual input parameters, and the main sources of uncertainty. In assessing the
need for additional studies, it helps to identify those uncertainties with the potential to have a
significant impact on decision criteria and consider the following questions: Could more
information lead to a different outcome in the estimate? Would it change the decision? If the
answer to these is “yes,” the next question is: What specific data or studies are needed to obtain
this information and reduce uncertainty? The goal is to have sufficient evidence and information
so that the decision maker can be confident in their decision.

Considerations for incorporating uncertainty in decision making include (Yoe, 2017):
Identify the specific things that are uncertain and the sources of that uncertainty.

Identify those uncertainties with the potential to have a significant impact on the
decision.
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Apply tools and techniques that may help quantify, better understand the scale of, or
address the uncertainty.

Develop a risk estimate.

Understand the uncertainty of the inputs (scenarios, modeling, knowledge) to the risk
estimate.

Identify options for reducing sources of uncertainty.

Evaluate the risk estimate and significance of uncertainty with decision makers to
determine if effort to reduce uncertainty should be taken or a decision can be made.

EXAMPLE OF CONSIDERING UNCERTAINTY IN MAKING DECISIONS

SETTING: Hydrologic setting of this levee is such that the peak flood level and time of arrival can be accurately forecasted
several days in advance. At the same time, there is little information about the levee materials and construction history in
the area of expected overtopping. Soil erodibility is highly dependent on compaction and material type. Hydraulic
sensitivity modeling shows that the rate of breach widening impacts how much time is available for evacuation and
potentially the incremental life loss. Once a key evacuation route is flooded, many people are trapped in the leveed area,
placing them in life threatening conditions.

CONSIDERATIONS: The high level of uncertainty in breach rate could lead to large uncertainty in the consequence
estimates; critical information about the material properties could have significant impact on the estimated life loss.
Conversely, the overtopping scenario may be definitively forecasted in advance, allowing ample time for evacuation and
higher confidence in the life loss estimate; more material data and breach analysis would have little impact on the life loss.

DECISIONS: In this example, additional data gathering may help refine consequences of levee breach prior to overtopping
and improve confidence in the associated decisions. At the same time, decisions related to levee overtopping with breach
can be confidently made with the existing information.

3 Risk Assessment Overview

Risk assessment is a systematic, evidenced-based approach for evaluating and characterizing
the nature, likelihood, and magnitude of risk. Levee risk assessments focus on identifying the
most likely ways a levee might breach and evaluating how likely these scenarios are to occur
and their impacts, describing factors driving the risk and developing a risk estimate. Risk
characterization is an integral part of risk assessment and provides context for the estimated
risks.

Risk estimate is the combination of the probability of inundation of the leveed area and the
associated consequences and portraying the results as a combined risk estimate typically
portrayed in a risk matrix. Risk estimate requires identifying and estimating the hazards, levee
performance, and adverse consequences. Risk estimates should include all relevant aspects of
the risk, which may encompass existing, future, historical, reduced, transformed, or transferred
risks.
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Making informed levee safety decisions requires estimating levee risk, including risk due to
breach prior to overtopping, risk associated with levee breach due to overtopping, as well as
malfunction or misoperation of levee features. In addition, because levee safety decisions
should be made in the context of the flood risk management strategyi, it is necessary to estimate
non-breach risk and flood risk. Levee risk estimates compared to non-breach risk estimates and
flood risk estimates can serve as the basis for most levee risk management actions and
decisions (Chapter 5).

3.1 Best Practices for Conducting Risk Assessment

Estimating levee risk will involve the consideration of three different scenarios: breach prior to
overtopping, breach due to overtopping, and malfunction or misoperation of levee features. In
addition, non-breach risk will be considered in order to understand the total flood risk a
community may face. This information can help inform levee risk management actions (Chapter
5). Each levee is unique, and each community is different in the way they experience and
recover from flooding. Risk assessments should recognize these differences, yet produce
repeatable and consistent results. No one method or tool for assessing risk may be suitable for
all situations, but application of common principles and best practices described below can
support efficient and effective risk-informed decision making.

Planning to start:

Frame the questions that need to be answered. A good risk assessment should begin
with formulating the questions that need to be answered by the risk assessment to
support effective decision making. Clearly state the questions and confirm questions
have been answered through the risk assessment process. Examples of questions risk
assessments may strive to answer include:

- Are there opportunities to reduce risk in the leveed area?

- Is the observed levee distress a major levee safety issue or a minor maintenance
concern?

- Are additional features needed to improve levee reliability?
- Which part of the community should be evacuated first, in the event of a breach?

- What priorities should be set in terms of investments and actions to efficiently reduce
risks?

Make risk assessment a team effort. Risk assessments work best when conducted
with a team. Evidence-based analysis requires subject matter experts qualified to
evaluate levee risks. It is unusual for a single person to possess all the knowledge
required to complete a risk assessment. Refer to section 3.4 for additional details on the
makeup of the team.

The process:

Scale the effort to match the magnitude of the problem or decision needed to be
made. The risk assessment effort should be commensurate with the problem or
decision. The effort will also be driven by the resources available.
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Follow a risk assessment process. The process is often as important as the result.
Following a credible, transparent, and repeatable risk assessment process brings many
benefits and aids the understanding of the problem and its solutions. Benefits include:

- Providing a framework for quantifying professional judgment.

— Delivering technical concepts in a non-technical manner for communicating levee
risks to the public. Providing a basis for development of a safety case or safety
demonstration for owners and regulators.

- Systematically identifying and better understanding potential failure modes.

- Identifying, justifying, and prioritizing investigations and analyses to reduce
uncertainties in risk estimates for individual levees and an inventory of levees.

- Strengthening the formulation, justification, and prioritization of risk reduction
measures.

- Justifying expenditures on levee safety improvements, as well as levee risk
management activities.

Keep the assessment unbiased and objective. Effective risk assessments are
unbiased and objective. Risk assessments should be transparent, logical, and clear.

Keep risk assessment and decision making separate. Risk assessments provide
information and insights; they do not produce decisions. Qualified technical
professionals complete risk assessments, while risk managers make decisions.

The analysis:

Use science to describe uncertainty. Effective risk assessments separate what is
known from what is not known. It then focuses special attention on what is not known.
Recognizing uncertainty helps better understand the confidence in the risk estimate.

Tie the analysis to the evidence. Good science, good data, good models, and the best
available evidence are integral to effective risk assessment. Leverage data, facts, and
physical evidence to develop a risk estimate.

Identify assumptions. In an effective risk assessment, all assumptions are clearly
identified for the benefit of members of the assessment team, risk managers, and others
who will read or rely on the results of the risk assessment.

Conduct sensitivity analyses. Evaluating how much the results change when a
change to input parameters is made (i.e., sensitivity analysis) should be a part of every
risk assessment. Testing the sensitivity of assessment results is important for every
assessment, qualitative or quantitative. It helps identify key parameters and factors
driving the risk estimate, and inform the need for additional analyses and investigations.

Consider multiple dimensions of risk. Consider risk broadly and focus on the risks of
interest. These may include risk reductions, as well as existing, future, historical,
transferred, and transformed risks. In addition, risks of interest could also be defined in
terms of types of consequences (e.qg., life safety, environmental damages, economic
impacts, loss of critical functions, and/or reputational harm). Further, some assessments
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may only focus on direct losses while others might also consider indirect losses. It is not
always necessary to consider each of these kinds of risk, but it is rarely adequate in
decision making to consider only one dimension of a risk. See Chapter 5 for guidance
on risk-informed decision making.

The outputs:

Clearly describe the limits of knowledge discovered during an assessment. Risk
assessments can have educational value for use in future assessments. They often
identify the limits of current knowledge and in doing so guide future investigations and
studies. Completed risk assessments may be conducive to learning about similar or
related risks.

Document the assessment. Documentation is an important part of the risk assessment
process. Effective documentation tells a good story well. It lays out the answers to the
risk manager’s questions clearly, correctly, and simply. It provides a basis for
understanding the context of the outputs and can be used for knowledge transfer and as
a foundation for future assessments.

3.2 Risk Assessment Scalability

Risk assessments are scalable. The level of effort should be commensurate with the decisions
the risk assessment is intended to support. In a general sense, the need or level of effort for a
risk assessment is based on the amount of uncertainty and the adverse impacts of a wrong
decision. For example, if there is rutting on the crest of the levee that requires minor routine
repairs, an in-depth risk assessment is not needed. If there needs to be a decision of how to
prioritize a major investment in levee improvements, then a more detailed risk assessment
would help inform that decision.

In the context of levees, some situations may exist where there is significant uncertainty about
overall levee performance, but certain decisions can be made without extensive additional
analyses because consequences of a decisional mistake are relatively minor. Examples of such
‘no regrets’ decisions include selection of specific equipment to use for control of grass
vegetation, or an approach to minor repairs such as filling animal burrows or riprap replacement.
This could also include well-established and understood aspects of project design (e.g.,
reinforced concrete structural analysis), common construction activities (e.g., placement of earth
fill for levee rehabilitation), and routine emergency management activities (e.g., testing
emergency action plans), discussed further in Chapters 7, 8, and 10.

As the consequences of a mistake grow more serious, there is increasing need for more
rigorous risk estimation and assessment. Levee risk management inherently necessitates
decision making in the face of significant uncertainty; therefore, risk assessment is required to
support most levee safety activities and decisions, as discussed in Chapter 5.

Risk assessments can be grouped into the following three types, from least to most detailed:
qualitative risk assessment, semi-quantitative risk assessment, and quantitative risk
assessment.

Qualitative risk assessment: This results in non-numerical expressions for probability
of breach and consequence that allows risk ranking or risk discrimination into classes.
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They depend on risk descriptions, narratives, and relative values often obtained by
ranking or separating risks into descriptive categories like high, medium, low, and no
risk. Qualitative risk assessments can be useful for simple, routine decisions; as an initial
screening for prioritization; or when time and data are limited. Qualitative risk
assessments provide a relative characterization of risk. They can inform whether a levee
risk is higher or lower relative to other levee risks. However, a qualitative risk
assessment cannot tell whether a levee risk is high or low in an absolute sense.

Semi-quantitative risk assessment: This uses a combination of limited numerical
estimates with qualitative descriptions that result in risk estimates based on orders of
magnitude. This can be used to inform decisions based on both the relative and absolute
value of the risk estimate. The level of effort for a semi-quantitative risk assessment will
vary depending on the purpose. For these guidelines, two levels have been defined—
basic and detailed—however, the level of effort is a sliding scale and there will be
variations between these two semi-quantitative risk assessments.

- Basic semi-quantitative risk assessment is intended to develop an overall risk
characterization of the levee and initiate prioritization of activities to manage and
reduce risk. A basic assessment considers a set of most common potential failure
modes (section 5.2.2) and historical levee performance data related to those potential
failure modes as a starting point for a risk estimate. The estimate is then refined
using project-specific information from visual inspections and readily available
engineering analyses. A small team of qualified professionals may be sufficient to
complete a basic semi-quantitative risk assessment.

- Detailed semi-quantitative risk assessment is often conducted to evaluate a specific
issue of concern or refine a risk estimate from a basic assessment and may be
conducted on a few select potential failure modes. It may also be used to support
design decisions related to levee modifications. A detailed semi-quantitative risk
assessment is supported by a site-specific potential failure modes analysis and may
use event trees to describe these potential failure modes. Additional engineering
analyses/investigations are typically required to support risk estimates. The effort can
vary greatly depending on potential failure modes and levee safety issues, and
should be completed in a team setting with a qualified facilitator.

Quantitative risk assessment: This is a risk assessment that results in numerical
calculations for probability of breach and consequences over a full range of possible
scenarios, combined with full characterization of uncertainty. A quantitative risk
assessment may be needed to support costly investment decisions, detailed designs, or
when the uncertainty has significant impact on the decision. Generally, they may be
needed when the risk needs to be more precisely quantified. A quantitative risk
assessment explicitly considers the distribution of probability and uncertainty through the
use event trees or fault trees and typically involves detailed modeling and analyses.
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LEVEE SCREENING TOOL

The Levee Screening Tool is a web-based tool developed and maintained by the U.S. Army Corps of Engineers
(USACE). Initially developed to facilitate screening of the USACE levee portfolio, the Levee Screening Tool now has
additional capabilities to facilitate basic and detailed semi-quantitative and fully quantitative risk assessments.

USACE uses the Levee Screening Tool to obtain an initial understanding of levee risk, prioritize risk management

activities, and identify levees which require more detailed assessments. USACE intends to make this tool available to
partners with levee management responsibilities to gain understanding of levee risks. The benefit of the tool is that it
provides an effective structure to collect, assess, and document data needed to conduct a minimum level semi-
quantitative risk assessment. Existing data in the National Levee Database (NLD) and Levee Screening Tool can be
leveraged to understand components of risk and inform prioritization of action if levee-specific information is lacking. As
with all risk assessments, better quality data will produce more reliable risk estimates.

Figure 4-3 shows the types of risk assessment along with the typical purpose and decisions
they support. Each type of risk assessment uses a different set of tools and methods that are
proportionate in terms of level of effort required, details considered, and confidence in their
outcomes. As the risk assessment becomes more detailed, the uncertainty is reduced, while the
level of effort and the associated time and cost tend to increase. Generally, more detailed risk
assessments require more comprehensive supporting engineering analyses and investigations.

Within each risk assessment type, individual components of risk can be assessed with varying
levels of detail. For example, there may be substantial information available to inform the
understanding of consequences, but limited data with regards to performance. There may be
engineering analyses to support the evaluation of floodwall instability, but no studies to inform
probability of breach due to erosion. Therefore, it is helpful to think of the types of risk
assessment being represented along a sliding scale, rather than in distinct bins, as illustrated in
Figure 4-3.

Risk Assessment Overview - DRAFT 4-9



National Levee Safety Guidelines | 4. Estimating Levee Risk

Figure 4-3: Scalability of Risk Assessments
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3.3 Risk Assessment Process

Figure 4-4 illustrates typical steps of a risk assessment and maps them to the sections of this
chapter which provide more detail. The first six steps together are often referred to as risk
analysis. Risk analysis stops at developing a risk estimate. Risk characterization builds on that
estimate to develop a risk narrative and prepares the case for risk-informed recommendations
for managing levee risk. Risk assessment steps are scalable and may be iterative and/or
combined.
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Figure 4-4: Steps in a Risk Assessment Process
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3.4 Risk Assessment Team

Risk assessments should be led by a trained facilitator with experience conducting them and
guiding multidisciplinary teams. The supporting team members should be selected considering
the unique features of the levee being assessed. For example, a levee with a floodwall and a
pump station would require a team with a different set of expertise than a coastal embankment
levee with a sector gate closure structure.

Estimating risk requires consideration of each element of the components of risk.
Characterization of the hazard is the domain of hydrologic and hydraulic engineers, who
estimate the likelihood of the river or sea reaching flood stage, and experts in geology and
seismology, who can help estimate seismic hazards. Performance is evaluated by geotechnical,
geological, mechanical, civil, hydraulic, and structural engineers, who analyze the reliability of
the levee features to estimate the probability of levee breach or misoperation. Evaluation of
consequences is the domain of consequence experts. These experts include hydraulic
engineers, who estimate the extent, depth, and timing of inundation, as well as planners,
economists, and environmental and social scientists, who are charged with understanding and
quantifying the adverse impacts that will be experienced in a community once water enters the
floodplain. The team should be augmented as necessary to provide insights into specific
aspects of the project.

While qualitative and basic semi-quantitative risk assessments can be performed by an
individual, there are distinct advantages to engaging a small team. For detailed semi-
quantitative and quantitative risk assessments, a multidisciplinary team that is trained in the
current risk estimation methodologies and led by an independent facilitator is recommended.
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Each team should include the levee owner/operator and personnel involved in the day-to-day
operation and maintenance of the levee. It may also include levee inspectors, emergency
management, and construction experts as appropriate. Team members will provide information
for input into the analysis, verify the reasonableness of analysis assumptions and results, and
assist in answering questions posed during the process. While separate components of the risk
assessment are typically led by specific disciplines, this is a team effort that requires
interdisciplinary discussion and coordination.

3.5 Review and Approvals

Risk assessments should include a formal review to confirm that the evidence provided
supports the results and that a credible risk assessment process was followed. Review is an
important component to help ensure consistency across risk assessments. The review process
should be scaled considering the complexity of the risk assessment and the decisions it informs.
The more impactful or difficult the decision, the more the supporting risk assessment should be
scrutinized. Certain risk assessments may require multiple levels of reviews and approvals.
Reviews should be completed by independent experts qualified in risk assessments for levees.

4 Scoping and Data Preparation

4.1 Scoping Risk Assessment

Scoping a risk assessment should include:
Framing the questions that the risk assessment is intended to answer (section 3.1).
Selecting the type of risk assessment appropriate to the decisions.

Identifying the team to perform the risk assessment, including both the required technical
disciplines and level of experience of the members. Risk assessment reviewers should
also be identified.

Reviewing the available data and evaluating the additional data needs to perform the risk
assessment.

Selecting the tools and methods to be used in performing the risk assessment.
Identifying the risk assessment deliverables.
Developing the budget and schedule for the risk assessment.

A well-established scope will set expectations with regard to outcomes of the risk assessment,
including necessary review and approvals. This is important in setting the stage for levee risk
management activities, as described in Chapter 5.

In preparation for risk assessment, it is helpful to divide the levee into analysis reaches (see
discussions in Chapter 6 and 7). A levee reach is a portion of a levee system (usually a length
of a levee) that may be considered for analysis purposes to have approximately uniform
representative properties (levee geometry, materials, foundation, hydraulic loading). Reaches
may also be defined for other reasons of convenience, such as different jurisdictions, owners, or
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phases of the project. Delineation of reaches provides structure for assessing hazards,
consequences, and performance.

4.2 Data Preparation

Data preparation involves identifying and gathering pertinent information to be used for
estimating risk. Ideally, risk estimates should be informed by the most recent inspections,
analyses, and condition assessments. Section 5 of this chapter provides a more detailed
discussion of the data required for each part of the risk estimate. Gaps in information should be
noted to help decide whether more data collection and/or further analysis is needed to answer
the questions formulated during the scoping step. Risk estimating requires input from several
disciplines that collectively inform hazard loading levels, levee reliability, breach formation,
inundation, and consequences. In assessing data gaps, it is important to consider general
compatibility and the relative level of details of various supporting analyses.

The following is the minimum geospatial-related information for a levee risk assessment. This
information, among other levee data, is readily available in the NLD.

Levee location and alignment

Levee profile, including levee crest and landside toe
Feature types and location

Leveed area

This list is considered a starting point for the levee risk assessment. There will likely be a need
for additional information to complete the analyses and evaluations described in the subsequent
sections of this chapter.

Scoping and Data Preparation - DRAFT 4-13



National Levee Safety Guidelines | 4: Estimating Levee Risk

NATIONAL LEVEE DATABASE

The NLD (https://nld.sec.usace.army.mil) is a public-facing website, managed through a partnership between USACE
and the Federal Emergency Management Agency (FEMA) , that captures all known levees in the U.S. It is designed to
provide a variety of users the ability to search for specific data about levees and serves as a national resource to support
awareness and actions to address flooding. The information generally available for all levees includes location,
responsible organization for the levee, levee length and height, and a summary of what is behind the levee. For levee
owners/operators, the database can store documents, photos, levee performance history, risk assessments, and more.

The NLD can be used in tandem with other data sets and tools, such as the Levee Inspection System and Levee
Screening Tool developed by USACE.
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4.3 Considering Changing Conditions

Risk assessments typically depict a snapshot in time of the risk. However, risk management
requires consideration of potential changing conditions that would impact the risk estimate.
Therefore, it is important to include additional future scenarios that reflect these changing
conditions. See section 5 for additional information on changing conditions that should be
accounted for in assessing hazard, performance, and consequence.
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5 Assessing Hazard, Performance, and
Consequences

Methodology for assessing risks continue to evolve. Current state-of-the-practice approaches
should be implemented regardless of the type of risk assessment being performed. The
following sections provide existing best practices for evaluating the hazard, performance, and
consequence components of risk.

Developing a risk estimate is an iterative and collaborative process that benefits from close
coordination across disciplines. For example, hydrologic analyses conducted for the flood
hazard assessment may identify a critical location along the levee for scour potential where
performance should be analyzed. Similarly, potential failure mode analysis conducted as part of
performance assessment may identify a critical flood scenario or a location for which hydraulic
modeling should be refined. It may also be valuable to identify flood load levels where a slight
increase in water level or wave energy results in a large increase in either the likelihood of
breach or consequences. Identifying these 'tipping points’ may require iterating between the
hazard, performance, and consequence assessments.

5.1 Hazards

A hazard is an event that causes the potential for an adverse consequence. Each hazard is
described by a magnitude and characteristic of loading, as well as the probability of occurrence.

Floods are the primary hazard that levees are subjected to. Levees that are loaded frequently
and are in high-to-moderate seismic areas should also be evaluated for seismic hazards. This
evaluation should consider the potential for coincidental occurrence of different water levels on
the levee and earthquakes. Sequences of events where an earthquake occurs followed later on
by a flood are typically not evaluated for a levee risk assessment.

Other hazards that can damage levees are impacts from ice, debris, and boats, and should be
considered when applicable.

Steps to assessing hazards are as follows:

Identify all hazard sources and consider the potential for coincidental and correlated
loading.

Collect historic data on occurrences of the hazard (e.g., flood, record high water marks).

Conduct frequency analysis of hazard loading (e.g., stage, ground acceleration) and
supporting engineering analyses to estimate hazard characteristics (e.g., storm surge
duration).

Apply a range of hazard loadings to the levee to identify locations of critical loading (e.g.,
first overtopping location, location of maximum wave runup).

Document uncertainty in data and results.
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HAZARD IDENTIFICATION TOOLS

There are nationwide tools available to help identify hazards. One is the American Society of Civil Engineers 7 Hazard
Tool, which depicts FEMA flood, tsunami, and seismic zones. Another is FEMA’s National Risk Index, which is an online
mapping application that identifies communities at risk to 18 natural hazards including: coastal floods, riverine floods,
hurricanes, ice storms, winter weather, earthquakes, and tsunamis. It also includes data about expected annual losses,
social vulnerability, history of losses, and community resilience. Caution must be used when looking at areas behind
levees. The National Risk Index does not take into consideration probability of levee failures. The earthquake risk in both
the American Society of Civil Engineers 7 Hazard Tool and the National Risk Index is tied to buildings and population
vulnerability, but may indicate where additional attention should be paid to levees under seismic loads.

United |

Clstate

Riverine flooding risk
M Very high
I Relatively high
Relatively moderate
I Relatively low
M Very low
|| Norating
Not applicable
I Insufficient data

Source: FEMA National Risk Index Map (Riverine Flood Risk) (FEMA, 2023).

5.1.1 Flood Hazards

As described in Chapter 1, there are four categories of flood hazards and corresponding
sources:

¢ Riverine (fluvial) flooding is from a river or stream.
o Coastal flooding is from large bodies of water—oceans, gulfs, bays, and large lakes.

« Rainfall (pluvial) flooding is runoff related to heavy rainfall that occurs independent of a
water body.

¢ Groundwater flooding occurs when groundwater levels rise and emerge at the surface.
A community may be at risk from all four categories of flood hazard and flood risk management

decisions should take into account all potential sources of flooding. However, levee risk
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management decisions and activities are primarily focused on the flood sources the levee is
intended to protect against, typically riverine and/or coastal flooding. Therefore, assessing levee
and non-breach risks focuses on these two flood hazards.

Rainfall and groundwater hazards are only included in the levee risk estimate if they could lead
to a malfunction or misoperation of a levee feature. However, while not typically part of the levee
risk estimate, rainfall and groundwater flooding should be evaluated in sufficient detail to ensure
the levee does not make conditions in the leveed area worse. As discussed in Chapter 2,
rainfall flooding within the leveed area can be exacerbated by the levee if it blocks a drainage
course. To compensate, levees often include interior drainage conduits and pump stations.
During floods, when interior drainage conduits are closed, stormwater is typically pumped over
the levee or allowed to pool in the leveed area until it can drain by gravity outside of the leveed
area.

An interior drainage analysis should consider the potential correlation between interior runoff
(rainfall flooding) and exterior stage (coastal or riverine flooding). This analysis can inform pump
station capacity requirements and help establish operational procedures for interior drainage
systems and closure structures.

FLOOD INSURANCE STUDIES

When a flood study is completed for FEMA’s National Flood Insurance Program, the information and maps are assembled into
a flood insurance study. The flood insurance study report contains detailed flood elevation data in flood profiles and data
tables. Flood insurance rate maps are the official community maps that show special flood hazard areas. Special zones depict
areas behind levees that are determined to be reliable for a 1/100 or 1/500 annual chance exceedance event.

The 1/100 and 1/500 annual chance exceedance floodplains are shown, which indicate the extent of flooding from interior
drainage (rainfall flooding) or if the levee overtops for that event (riverine flooding) and the elevation of the flood levels. The
flood insurance rate map layers are also available in GIS. If no other data exists, flood insurance studies and associated flood
insurance rate maps, like the one shown here, can give an indication of the potential flood hazards for a community.

Find address or place a
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with BFE or Depth Zone AE, AO, AH, VE, AR

Regulatory floodway
Area with reduced flood risk due to levee

Assessing Hazard, Performance, and Consequences - DRAFT 4-17



National Levee Safety Guidelines | 4: Estimating Levee Risk

No matter the source of the flood hazard, it is necessary to estimate the probability of the flood
loading. To properly estimate and characterize levee risk requires the consideration of a full
range of possible flood loading conditions, including flood levels well beyond design loads and
above the levee crests. Flood hazard studies relate the magnitude of discharge, stage, or
volume to the probability of occurrence or exceedance. Figure 4-5 is a stage probability graph,
which portrays the likelihood of reaching or exceeding a particular flood level (water surface
elevation), often as it relates to the top of the levee. The graph also conveys the uncertainty in
the estimated probability of the various flood stages by using lower and upper confidence
bounds at 5% and 95% respectively. This means there is 90% confidence that the flood stage
will fall within this range. In Figure 4-5, the best estimate of probability of a flood large enough to
reach or exceed the top of the levee is approximately 0.002 (1/500) in any given year. There is
90% confidence that this probability is between 0.006 (1/170) and 0.0005 (1/2,000).

Figure 4-5: Flood Hazard Function at a Specific Location Along the Levee
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Estimating flood hazard relies on hydrologic and hydraulic modeling supported by historical data
and observations from past flood events, along with readily available sources of information
such as flood insurance studies. In addition, there are several unique considerations when
estimating flood hazards for levees:

The need to extrapolate hazard probability functions to predict extreme events larger
than those that have been observed.

The need to account for changing hydrologic conditions when forecasting future trends.
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The potential for coincidental loads. This includes coincidental loading from multiple
flood sources, or the need to estimate loading from floods combined with other hazards
(i.e., earthquakes and impact loads).

The potential for failure of upstream dams or levees that could result in either more or
less flooding at the levee being evaluated.

5.1.1.1 Historical Data and Observations

Historical data and observations from past floods can be used as a starting point for determining
the type of critical storms for the area of interest. Federal agencies such as the United States
Geological Survey and the National Oceanic and Atmospheric Administration collect and store
multitudes of hydrometeorological information that is relevant to risk assessments.

U.S. Geological Survey: Most major rivers and streams located near populated areas have
stream gages installed to measure the height of flow and other characteristics of the river. The
agency installs and maintains a network of stream gages across the nation that can be
leveraged for this information. Over time, these gages collect enough data to depict a historical
trend of local floods and droughts that can be referenced to understand how the watershed
responds to severe weather events. The following data types, which are particularly relevant for
hydrologic hazard studies, are available: instantaneous data, daily discharge, daily stage, field
measured stages and discharges, and annual maximum peak discharges. The frequency and
associated magnitude of floods can be determined using statistical analysis, such as the
methodology described in Bulletin 17C (England et al., 2019).

National Oceanic and Atmospheric Administration: Similar to riverine flooding, one of the
best ways to understand trends in coastal flooding is through the capture of historic data from
tidal gages. A network of gages is operated and maintained by the agency. These gages are
placed along the coasts, including the Great Lakes, and are typically placed in areas that are
not impacted by wave action, such as harbors or other protected areas. Location and
information regarding tidal gages, including sea level trends, can be found in the National
Oceanic and Atmospheric Administration’s tide and currents website. In some areas, wave
gages are leveraged to inform the wave setup and wave height. These are typically farther
offshore and are not as prevalent as tidal gages. Information regarding the location and
information associated with wave gages can be found on the agency’s Data Buoy Center or
similar websites. The agency’s Climate Data Center contains multiple data sets relevant for
flood hazard assessments, including precipitation, temperature, wind direction, wind speed, and
snow water equivalent, among others, for various locations in the U.S. In addition, Atlas 14 can
be used to collect rainfall frequency estimates using the precipitation frequency data server.

Observed high water marks from major historical floods and local records are an important
source of information for flood hazard assessment. They can help calibrate hydraulic models,
identify critical locations within a leveed area, and assist with evaluating trends over time.
Commonly, during and following large floods, federal agencies such as U.S. Geological Survey
and FEMA collect relevant flood data to inform flood modeling and mapping, and in some
cases, to aid in disaster recovery. These historical flood reports can be helpful in identifying
large storms in the area of interest.
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Historical observations are also useful in understanding rainfall and groundwater flooding.
Repeated flooding in an area that is not associated with known water bodies can indicate
localized flooding from other sources that requires study of their contribution to flood risk. While
high water marks may not be feasible to collect, local records documenting the timing, location,
and depth of flooding in these areas could help understand historical trends. The National
Oceanic and Atmospheric Administration publishes estimates of precipitation frequency for the
U.S., which can be used as inputs to an assessment of rainfall flooding.

5.1.1.2 Hydrologic and Hydraulic Modeling

Hydrologic modeling is a numerical analysis used when assessing riverine flood hazards to
estimate the quantity of runoff that flows into a watershed, basin, channel, or human-made
structure. The analysis uses a combination of historic and present-day data to evaluate the
precipitation intensity and duration, in addition to the runoff characteristics within the study area
or watershed. These characteristics may include land use, slope, impervious cover, and flow
path to estimate a flow quantity that is collected in a drainage point, such as a lake or a river.

Hydrologic analyses estimate flows for a range of floods of different annual exceedance
probability, or frequency. Discharge hydrographs are produced representing the variation of
water levels and flows with time during a particular flood event. Details of hydrologic analyses
required for levee projects are shown in Table 4-1.

Table 4-1: Hydrologic Analysis for Levees

Component

Determinants

Catchment runoff Topography (steepness or slope),

Groundwater
interaction
Flood routing

Statistics

land use, soil type (infiltration rates),
vegetation, climate (precipitation),
basin shape, basin orientation relative
to prominent weather patterns, stream
network development.

Soil stratigraphy and permeability,
presence of aquifers.

Channel and floodplain characteristics,
change in available volume within
floodplain due to levee project,
presence of storage or detention
features as part of project (e.g.,
provisions for overflow of some levees
to reduce loadings on other levees).
Observed stream data, synthetic data
derived from long-term simulation using
catchment characteristics and models,
transposition of data from similar
catchments, statistical method used.

Provides/Influences

Rate, duration, and volume of water
derived from the catchment.

Base flow, loss of water from surface
flow in losing streams.

Changes in rate, duration, and
volume of water due to the influence
of stream, floodplain, and project
components.

Understanding of extreme events
through discharge-probability
relationship, duration curves,
understanding of basin response
through plots of water level and flow
hydrographs at one or more points
along stream of interest.

Note to table: Adapted from the International Levee Handbook (Eau and Fleuves, 2017).
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Hydraulic modeling is a numerical analysis that estimates the depth and velocity of flow, the
height period, the direction of waves, and the resulting forces including at levees and hydraulic
structures. In the case of riverine situations, the hydraulic modelling is based on input flow rates
determined from a hydrologic model. Hydraulic modeling is performed for the waterside of the
levee to estimate loading on the levee. It is also used to estimate flooding in the leveed area for
sizing and evaluating the interior drainage.

The approach to modeling and portraying the results is different for the different types of flood
hazard (e.g., riverine, coastal, rainfall). However, regardless of the type of modeling
implemented, it is good practice to calibrate and validate hydrologic and hydraulic models to
observed conditions, when sufficient data is available.

5.1.