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Preface

The Federal Emergency Management Agency (FEMA) has prepared this guide specifically for homeowners who
want to know how to help protect their homes from flooding. As a homeowner, you need clear information about
the options available to you and straightforward guidance that will help you make decisions. This guide gives you
both, in a form designed for readers who have little or no experience with flood protection methods or building
construction techniques.
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1.0 About This Guide

The Third Edition of FEMA P-312, Homeowner’s Guide to Retrofitting, has been prepared to update the state of art in
residential flood protection methods and reflect changes made to the National Flood Insurance Program (NFIP).

1.1 Who This Guide Is For

The Federal Emergency Management Agency (FEMA) has pre-

pared this guide specifically for homeowners who want to ‘! ! ’
protect their homes from flooding. It provides clear information DEFINITION
about the options available to you and straightforward guidance

that will help you make decisions. This guide is designed for FEMA is an agency within the
readers who have little or no experience with flood protection Department of Homeland Security

methods or building construction techniques. (DHS) that administers the NFIP. The
NFIP is a Federal program, created by

If you are an engineer, an architect, a construction contractor, or
someone with skills in those fields, you may want to ask FEMA
for copies of technical manuals that cover design and construc-

Congress in 1968. The NFIP makes
flood insurance available to communi-
ties that adopt and enforce floodplain

management ordinance, regulation,
or provisions of the building code that
meet the minimum requirements of
the NFIP regulations.

tion in greater detail. For example, all flood protection methods
described in this guide are discussed in depth in FEMA P-259,
Engineering Principles and Practices for Retrofitting Flood-Prone Residential
Structures, Third Edition (FEMA. 2012a). If you work in a coastal
area, FEMA P-55, Coastal Construction Manual: Principles and Practices of
Planning, Siting, Designing, Constructing, and Maintaining Residential Build-
ings in Coastal Areas, Fourth Edition (FEMA. 2011b), may also be useful. If you would like to obtain copies of these
documents or other FEMA documents referred to in this guide free of charge, you can download them from the
FEMA Web site (http://www.fema.gov/resource-document-library) or call the FEMA Publications Service Center
at 1-800-480-2520. See Appendix A for a list of documents concerning flood protection prepared by FEMA and
other agencies and organizations.

In addition to FEMA publications, architects and engineers may want to obtain literature from the American So-
ciety of Civil Engineers (ASCE). ASCE 24, Flood Resistant Design and Construction provides minimum requirements for
flood-resistant design and construction of structures located in flood hazard areas. ASCE 7, Minimum Design Loads for
Buildings and Other Structures, may also be useful since formulas for flood loads are described in this document.
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1.2  How This Guide Can Help You

You should take steps to protect your home if it has been dam-
aged by flooding or is in an area where flooding is likely to
occur. But first, you need to know what methods are available,
how they work, how much they may cost, and whether they
will meet your specific needs. This guide covers all of those is-
sues. It also explains flood hazards and how they can damage
your home.

Flooding is only one of several natural hazards that may threaten
your home. This guide includes maps that will help you deter-
mine whether your home is in an area where earthquakes or
high winds occur, and it also explains when your retrofitting
project should include protection against these hazards.

Your state and local governments probably have adopted build-
ing codes and other rules and regulations that you will need to
know about. This guide explains how your local officials can

O

DEFINITION

In this guide, the term local offi-
cials refers to the employees of your
community who are responsible for
floodplain management, zoning, per-
mitting, building code enforcement,
and building inspection. The responsi-
bilities of local officials vary from one
community to the next. In your com-
munity, you may need to work with
one or more of the following: flood-
plain administrator, building official,
city engineer, and planning and zon-
ing administrator.

advise you on those codes, rules, and regulations. Regardless
of the flood protection method you choose, you may wish to
consult with a licensed architect, engineer, or contractor for assistance with some of the retrofitting measures
described in this guide. This guide describes the types of services you can expect design professionals and con-
tractors to provide.

1.3  How To Use This Guide

To get the most from this guide, you should first read Chapters 2, 3, and 4. Chapter 2 explains retrofitting and, by
describing how flood, wind, and earthquake forces can damage your home, helps you understand how retrofitting
works. Chapter 2 also provides a discussion of Federal, State, and local financial assistance programs that may help
pay for your retrofitting project. Chapter 3 provides short descriptions of the six flood protection methods covered
by this guide. It gives you the information you will need as you begin to think about how to protect your home,
including the approximate costs, advantages, and disadvantages of each method. Chapter 4 leads you through four
steps that will help you decide which method or methods will best meet your needs. Chapter 4 also explains how
to work with local officials, design professionals, and contractors.

When you finish Chapter 4, you will be ready to focus on a specific retrofitting strategy. In some cases, a single
method may adequately address your needs. In other cases, a combination of methods may be best. Then you can
move to Chapter 5, 6, 7, 8, or 9, depending on the method or methods you've chosen. Those chapters describe the
methods in greater detail and include photographs and illustrations that show how the methods are applied. Chap-
ter 9 explains how you can protect service equipment (utility systems; heating, ventilating, and air conditioning
[HVAC] systems; and large appliances) in conjunction with the retrofitting method you have chosen.

As you read this guide, you will often find information in the margins of pages—definitions (such as the one on
the previous page), notes, and warnings. Each is identified by a special symbol:

DEFINITION — The meaning of a technical or other special term. Where a term is first used in the

' | l’ text, it is shown in bold type and the definition is provided in the margin. You can also find these and
other definitions in Appendix B.
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NOTE — Supplemental information you may find helpful, including things to consider as you plan
your retrofitting project, suggestions that can make the retrofitting process easier, and the titles and

sources of other publications related to flood protection and retrofitting.

CROSS REFERENCE — Reference to another relevant part of the text or another source of information.

WARNING - Critical information that will help you avoid mistakes that could result in dangerous
conditions, violations of your community’s ordinances or regulations, and possibly delays and high-
er costs in your retrofitting project. Be sure to read these warnings. If you are unsure about what a
specific warning means or what to do to avoid the problem it describes, consult your local officials.

Chapter 4 provides information about working with local officials.

A final note before you begin Chapter 2: No guide or other
document of this type can anticipate every retrofitting situation
or every concern a homeowner may have about undertaking a
retrofitting project. If you have questions that this guide does
not answer, consult your local officials. Other resources include:

FEMA's Building Science Helpline, a technical assistance hotline,
can be reached at 1-866-927-2104 (phone) or FEMA-Building-
sciencehelp@dhs.gov (email).

If FEMA has set up a Disaster Recovery Center (DRC) in your
area in response to a Presidential Declaration of a Major Disas-
ter, members of the DRC Mitigation staff can answer questions
and advise you on recovery strategies. Call the FEMA Helpline at
1-800-621-3362 for the location of a DRC in your area.

Appendix A of this guide lists helpful publications from FEMA and other organizations. The FEMA Web site,

@ NOTE

Many government agencies, including
FEMA and non-profit organizations,
maintain sites on the Internet where
you can find information about flood-
ing, high winds, earthquakes, and
other hazards. Appendix A includes a
partial list of available sites at the time
this guide was prepared.

http://www.fema.gov, has information about all of these resources and more.

Appendix C lists the staff members of the FEMA Regional Office for your State.

Appendix D identifies your State NFIP Coordinator and State Hazard Mitigation Officer (SHMO).
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2.0 Introduction to Retrofitting

Every year, flooding causes an average of over 90 percent of the disaster-related property damage in the United
States and accounts for an average of over 75 percent of all Presidential Disaster Declarations. In fact, between 2003
and 2013, the NFIP paid an average of over $3.5 billion a year in flood claims. In 2012, the year of Hurricane
Sandy, the NFIP paid over $8 billion in flood claims.

Although recent improvements in construction practices and regulations have made new homes less prone to
flood damage, many existing homes continue to be repetitively damaged by flooding. In fact, repetitive loss
records account for approximately 30 percent of all claim payments made in the history of the NFIP Between
1978 and 2014, over 186,000 homes were flooded more than once. These homes alone accounted for approxi-
mately $15 billion in flood damages, subjecting the owners to a cycle of flooding and repairing.

The good news is that this cycle of repetitive flood damage can be broken. Homeowners across the country have
protected their homes from flooding using the techniques described in this guide. One example can be found in
New Orleans, where many residential neighborhoods were inundated by Hurricane Katrina in 2005 (Figures 2-1
and 2-2).

Figure 2-1. This home in
New Orleans was inundated
by 4 feet of water during
Hurricane Katrina.
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Figure 2-2. This home, from
Figure 2-1, was elevated in a
manner that added to both its
appearance and its value. As
a result of its elevation, the
home avoided major damage
from Hurricane Isaac in 2012.

-"ummf"' i

One family decided to take action after their home flooded dur-
ing Hurricane Katrina. They hired a contractor to elevate their
home on concrete piers so that it would be above the level of
tuture, similar floods (Figure 2-2).

At the outset of the project, the homeowners were concerned
about how the home would look after it was elevated. But once
construction was complete, their concerns were alleviated.
Access to the front door is now provided by a well-designed
double staircase that also serves as an architectural focal point.
In addition to providing protection from future floods, elevating
the home created a space below that could be used for parking
and storage.

In other areas where flooding has caused repeated damage,
entire homes have been relocated outside the flood hazard area
or protected by floodwalls and levees designed as attractive
landscaping features. As you read this guide, you will see that it
is possible to protect your home from flooding while preserv-
ing or even enhancing its attractiveness and value.

1A g

ARy
!

T

[

“’!Illl“"l!'!“"i T

"' I

@ NOTE

Any retrofitting project you undertake
must meet the legal requirements of
your community, including the flood-
plain management ordinances your
community adopted to participate
in the NFIP. By enforcing these ordi-
nances, your community helps reduce
future flood damages. As explained
later in this chapter, the ordinances
are based on the 1-percent-annual-
chance flood, also referred to as the
“base flood.” Remember this term; you
will encounter it many times as you
read this guide. For more information,
see Section 2.3.3.

2-2 SIX WAYS TO PROTECT YOUR HOME FROM FLOODING

HOMEOWNER’S GUIDE TO RETROFITTING




INTRODUCTION TO RETROFITTING 2

2.1 What Is Retrofitting?

You may be wondering, “What is retrofitting and why is it necessary?” Retrofitting is making changes to an exist-
ing building to protect it from flooding or other hazards, such as high winds and earthquakes. You have already
seen one example of retrofitting, and you’ll learn about more in the following chapters.

Construction technologies, including both methods and mate-

rials, continue to improve, as does our knowledge of hazards ‘ jl’
S

and their effects on buildings. Many existing homes were built DEFINITION

when little was known about where and how often floods and

other hazardous events would occur or how buildings should Hazard mitigation is sustained ac-

be protected. As a result, retrofitting has become a necessary and tion taken to reduce or eliminate

important tool in hazard mitigation. long-term risk to people and property
from hazards such as floods, hurri-

In addition to any retrofit completed on your home, updated canes, earthquakes, and fires.

Flood Insurance Rate Maps (FIRMs) and new legislation may
have implications for your insurance premiums. Before making
any changes to your home, FEMA strongly recommends that
you discuss retrofit options with your insurance agent and work
closely with design professionals and State and local officials.

2.2 Types of Flooding

This guide focuses primarily on retrofitting for flood protection. If you decide to retrofit your home, you'll need
to be aware of other potential hazards as well, such as high winds and earthquakes. They are discussed later, but
first you must understand flooding—where and how it occurs, the nature of the threat it poses, and how it can
affect your home.

Most of the flooding that occurs in the United States is either

riverine or coastal flooding, although flooding also occurs 'L__LJ’

around lakes and ponds, and in areas where storm drainage

systems are not adequate. Riverine flooding, as its name implies, DEFINITION

occurs when rivers and streams overflow their banks (Figure Flash flood: A flood caused by heavy
2-3). Riverine floodwaters can move quite rapidly, as in a flash or excessive rainfall in a short period
flood, or very slowly, as they often do where the land is gently of time, generally less than 6 hours. A
sloping or flat. The primary causes of riverine flooding are rain- flash flood rises and falls very quickly
fall and rapidly melting snow (and sometimes a combination and is usually characterized by high
of both). Water from rain and rapidly melting snow eventually flow velocities.

finds its way into stream channels. When the amount of water

being carried by a stream exceeds the capacity of the stream
channel, it spreads out into the area along the stream, common-
ly referred to as the floodplain. Usually, the homes and other
buildings at greatest risk from riverine flooding are those near
the stream channel, where the depths and speed of floodwaters
are often greatest.
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Figure 2-3. These homes

in Gays Mills, WI, were
inundated by riverine
flooding during the Midwest
floods of 2008.

Figure 2-4. The extreme
impact of large, fast-moving
waves, combined with the
removal of supporting soil
by erosion and scour, can
have devastating effects on
buildings exposed to coastal
flooding. Hurricane Floyd
destroyed this home along
the coast of North Carolina

in 1999.

Coastal flooding, which is caused by storm surge and wave
action, primarily affects coastal areas, especially those along
the beachfront, but it can also affect areas around bays and can
back up along rivers and streams that empty into bays. Coastal
flooding is most dangerous, and causes the most severe damage,
where large waves are driven inland by the wind (Figure 2-4).
These wind-driven waves occur primarily along the open coast,
where they can destroy homes, wash away protective dunes, and
erode the soil, often to the extent that the ground surface is low-
ered several feet. But they can also move inland where the land
is flat and there are no large dunes or other obstacles to break
them. In these areas, the level of damage can rival that along the
open coast.

uj’ DEFINITION

Storm surge is the rise in the level of
the ocean that results primarily from
strong winds associated with hurri-
canes and other storms. Decreased
atmospheric pressure from these
storms also makes a small contribu-
tion to storm surge.
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Coastal flooding can also move inland into low-lying areas
beyond the limit of wave action. The danger in these areas is
primarily from inundation due to storm surge but, even here,
fast-moving floodwaters can result in scour and erosion around
building foundations.

Another cause of flooding, which can affect homes outside
identified floodplains, is the limited capacity of local drainage
systems, including storm sewers, culverts, and drainage ditches.
These systems are usually designed to carry a specific amount of
water, which is referred to as the “design capacity” of the sys-
tem. When heavy rainfall over an area causes the design capacity
of the system to be exceeded, water will begin to back up and
fill low-lying areas near system inlets and along open ditches.
Depending on the amount and intensity of rainfall, the flood-
water may continue to rise and may eventually affect homes.

A similar problem occurs when drainage system inlets are
plugged or obstructed by mud or other debris and when drain-
age system outlets are submerged by water during riverine or
coastal floods. In the latter situation, water can flow backwards

in the system and reach areas that otherwise might not have
flooded.

2.3 How Flooding Can Damage Your
Home

To understand how flooding can damage your home, you need
to know about six important flood characteristics: depth/eleva-
tion, flow velocity, frequency, rates of rise and fall, duration,
and debris impact. Most of these characteristics apply to both
riverine and coastal flooding, and they can vary—sometimes
greatly—from one place to another. The flood conditions at a
particular site, such as the location of your home, are deter-
mined largely by the combination of these characteristics. The
following paragraphs explain these characteristics. Section 2.3
and Chapter 4 explain how you can determine the flood condi-
tions at your home.

2.3.1 Depth/Elevation of Flooding

The depth and elevation of flooding are so closely related that,
for the purposes of this discussion, they can be viewed as a sin-
gle characteristic. Flood depth is the height of the floodwater
above the surface of the ground or other feature at a specif-
ic point. Flood elevation is the height of the floodwater above
an established reference datum. The standard datums used by

&

DEFINITION

Wave action refers to the character-
istics and effects of waves that move
inland from an ocean, bay, or other
large body of water. Large, fast-mov-
ing waves can cause extreme erosion
and scour, and their impact on build-
ings can cause severe damage.
During hurricanes and other high-
wind events, storm surge and wind
increase the destructiveness of waves
and cause them to reach higher ele-
vations and penetrate further inland.

Scour refers to a localized loss of soill,
often around a foundation element.

Erosion refers to a general lower-
ing of the ground surface over a wide
area.

Intensity of rainfall refers to the
amount of rain that falls during a given
amount of time. It is usually expressed
in inches of rainfall per hour. The high-
er the number of inches per hour, the
greater the intensity.

o

DEFINITION

An elevation datum is an arbitrary
surface that serves as a common ref-
erence for the elevations of points
above or below it. Elevations are
expressed in terms of feet, meters,
or other units of measure and are
identified as negative or positive, de-
pending on whether they are above or
below the datum. Three common el-
evation datums are mean sea level
(msl), NGVD, and NAVD.
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most Federal agencies and many State and local agencies are the
National Geodetic Vertical Datum (NGVD) and the North Amer-
ican Vertical Datum (NAVD); however, other datums are also in
use. The use of other datums is important because elevations of
the ground, floodwaters, and other features cannot be meaning-
fully compared with one another unless they reference the same
datum. If a survey has established a benchmark, this point can
be used to determine the flood depth and elevation. When the
elevation of the ground (or another surface such as the lowest
floor of your home) and the elevation of the floodwaters both
use the same datum or benchmark, the flood depth at any point
is equal to the flood elevation at that point minus the eleva-
tion of the ground (or other surface) at that point. Figure 2-5
illustrates this relationship. Ground elevations are established
by surveys; flood elevations may be calculated or they may be
known from water marks left by past floods.

The depth of flooding at your home is important primar-
ily because floodwaters, even when they are not moving,
exert pressure on structural components such as walls and con-
crete floor slabs. The pressure exerted by still water is called
“hydrostatic pressure.” It is caused by the weight of the water,
so it increases as the depth of the water increases. As shown in
Figure 2-6, floodwater, including water that has saturated the soil
under the home, pushes in on walls and up on floors. The
upward force on floors is called “buoyancy.”

&/

DEFINITION

A benchmark is a reference point es-
tablished by a survey with a precisely
known relationship to a datum.

Under the NFIP, the lowest floor of
a building is the floor of the lowest
enclosed area within the building,
including the basement. The only ex-
ception is an enclosed area below an
elevated building, but only when the
enclosed area is used solely for park-
ing, building access, or storage and
is compliant with relevant regulations.
The elevation of the lowest floor can
be very important in retrofitting, as you
will see in later chapters.

Buoyancy refers to the upward hy-
drostatic force that floodwater exerts
on the floors of homes with enclosed
spaces below the flood level.

Figure 2-5. In this example,
the 1-percent-annual-chance
flood elevation is 391.6

feet (10.1 feet above the Ground
benchmark elevation of 381.5
feet), and the elevation of the
lowest floor of the home is

389.3 feet (7.8 feet above the | |
same benchmark). The flood TR
depth above the lowest floor
is therefore equal to 391.6
feet — 389.3 feet, or 2.3 feet
during the 1-percent-annual-
chance flood.

Elevation of Lowest Floor
of the Home = 389.3 NGVD

Survey Benchmark Established by
Federal, State, or Local Agency.
Elevation = 381.5 Feet NGVD

1-Percent Annual-Chance Flood Elevation =

391.6 Feet NGVD

Flood Depth = 2.3 Feet

Normal
Water Level

10.1 Feet

Creek Channel

As shown in Figure 2-6b, water that has saturated the soil poses a special hazard for basement walls. Because
hydrostatic pressure increases with the depth of the water, the pressure on basement walls is greater than the pres-
sure on the walls of the upper floor, as indicated by the arrows in the figure. This pressure is made even greater by

the weight of the saturated soil that surrounds the basement.
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Figure 2-6. Hydrostatic
pressure acts on walls and
concrete slab floors. The
weight of saturated soils
adds to the pressure on
basement walls. Figure
2-6a shows a home with a

wmem T

from saturated soil

Buoyancy force

> < > <
2l sabfloor >l 3 b concrete slab floor. Figure
_} (_ _} ( . .
S VLS4 > ‘ 2-6b shows a home with a
T T T T T T T T. L >—> [—< basement.
A -
___)_) <—(___
Buioyancy force -—-»—— || Basementfloor fle«——<---

The walls of homes built using standard wood-frame or
masonry construction are not designed to resist this pressure. If
the pressure exceeds the strength of the walls (including base-
ment walls), it can push them in or out (Figure 2-7), cause
extensive structural damage, and possibly cause the home to
collapse. In some areas, the buoyant force of hydrostatic pres-
sure on basement floors has pushed homes entirely out of the
ground.

If water is allowed to enter, the hydrostatic pressures on both
sides of the walls and floor become the same, or equalized
(Figure 2-8), and the walls are much less likely to fail. As
discussed in Chapters 3, 5, 7, and 8, this is an important consid-
eration in some types of retrofitting methods.

%’)’ DEFINITION

The NFIP regulations define a base-
ment as “any area of the building
having its floor subgrade on all sides”
Note that the NFIP definition of base-
ment does not include what is typically
referred to as a “walkout-on-grade”
basement, whose floor would be at or
above the surface of the ground that
touches the outside walls of the build-
ing on at least one side (see Section
3.1.2). This ground surface is referred
to as the “adjacent grade”

because of the pressure
exerted by water and
saturated soil.

Figure 2-7. The walls of this
basement in Wisconsin failed
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Figure 2-8. Once water

enters the_: home, _hydros_tatlc a Water surface .
pressure is equalized. Figure P A _ level _ A _

2-8a shows a home with a
concrete slab floor. Figure Ground
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2.3.2 Flow Velocity

Flow velocity is the speed at which floodwaters move. It is usually measured in feet per second (fps). Flow veloci-
ties during riverine floods can easily reach 5 to 10 fps and, in some situations, may be even greater. Expressing
velocities in fps is common in floodplain studies and engineering analyses. It may be helpful to relate fps to a more
familiar unit of measure. For example, 10 fps is roughly equal to 7 miles per hour (mph).

The velocity of riverine floodwaters depends on a number of factors; one of the most important is the slope of the
stream channel and floodplain. As you might expect, floodwaters will generally move much faster along streams
in steep mountainous areas than streams in flatter areas. However, even within the same floodplain, flow velocity
can still vary. As water flows over the ground, its velocity depends largely on the roughness of the ground surface.
For example, water will low more swiftly over parking lots, roads, and other paved surfaces, and will flow more
slowly over ground covered with large rocks, trees, dense vegetation, or other obstacles. Also, flow velocities in the
floodplain will usually be higher nearer the stream channel than at the outermost fringes of the floodplain, where
water may flow very slowly or not at all. In areas subject to coastal flooding, velocities depend largely on the speed
of the wind and, like riverine flow velocities, on the slope and roughness of the ground surface.

If your home is in an area where floodwaters are flowing, especially if they are moving more than about 5 fps, the
flow velocity is important for several reasons. Flowing water pushes harder on the walls of a building than still
water. So instead of just the hydrostatic pressure caused by the weight of the floodwater resting against the walls
of your home, you have the additional pressure of moving water, referred to as “hydrodynamic pressure” (Figure
2-9). As water flows around your home, it pushes against the side of the home that faces the flow (the upstream
side). As it flows past the sides of the home, it creates friction that can tear at wall coverings, such as siding. On
the side of the home that faces away from the flow (the downstream side), the water creates a suction that pulls
on walls. In some situations, the combination of these forces can destroy one or more walls (Figure 2-10), cause
the home to shift on its foundation, or even sweep the home away.

Flowing water can also cause erosion and scour. As previously discussed, erosion refers to a general lowering of
the ground surface over a wide area. Scour refers to a localized loss of soil, often around a foundation element.
Both erosion and scour can weaken the structure of a home by removing supporting soil and undermining the
foundation. In general, the extent and depth of erosion and scour increase as the flow velocity and size of the
home increase. Also, keep in mind that any objects being carried by floodwaters will be moving at roughly the
same speed as the water. The dangers associated with these objects are discussed in Section 2.3.6.
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Negative pressure/suction on downstream side

Frontal impact on
upstream side

Drag effect on sides

Figure 2-9. Moving water acts on the front, sides, and back of a home.

Figure 2-10. Water moving at
high velocity destroyed the
wall of this home and caused
the building to shift on its
foundation.

2.3.3 Flood Frequency

You may have been told that your home is in “the 100-year” floodplain, or you may have heard that term used to
describe a specific flood.You may also have heard similar terms used, such as “50-year flood” or “500-year flood.”
These terms can be misleading. Flood frequencies are usually determined through statistics and engineering
analyses performed by floodplain management agencies and other organizations responsible for implementation
of flood control programs and floodplain regulation. The results of those analyses define the probability, expressed
as a percentage, that a flood of a specific size on a specific stream will be equaled or exceeded in any year.

For example, the flood that has a 1 percent probability (1 in 100) of being equaled or exceeded in any year is
sometimes referred to as the 100-year flood. This term is simply a convenient way to express probability. It should
not be interpreted to mean a flood that happens exactly once every 100 years. Nor does it imply that once a
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100-year flood occurs there is little risk of another 100-year flood occurring in the near future. To the contrary,
changes in climatic conditions, such as those caused by El Nifio, often result in clusters of floods that occur over
relatively short times at the same location. In this publication, the term 1-percent-annual-chance flood is used to
describe the 100-year flood.

For most homeowners, the value of these terms is that they indicate relative frequencies and sizes. Over time, a
1-percent-annual-chance (100-year) flood is expected to occur less often than a 2-percent-annual-chance (50-year)
flood and more often than a 0.2-percent-annual-chance (500-year) flood. In addition, a 1-percent-annual-chance
flood will be more severe than a 2-percent-annual-chance flood and less severe than a 0.2-percent-annual-chance
flood. For example, if your home is in the 1-percent-annual-chance floodplain of a nearby stream or river, the
1-percent-annual-chance flood elevation at your home will be lower than the 0.2-percent-annual-chance flood
elevation, and the water from a 2-percent-annual-chance flood might not even reach your home.

The 1-percent-annual-chance flood is particularly important for homeowners because it is the basis of NFIP flood
insurance rates and regulatory floodplain management requirements. These requirements are discussed in detail in
Section 2.5. In the NFIP, the 1-percent-annual-chance flood is referred to as the “base flood.” The elevation associ-
ated with the base flood is referred to as the “base flood elevation” (BFE), and the floodplain associated with the
base flood is referred to as the “special flood hazard area” (SFHA). Other Federal agencies, such as the U.S. Army
Corps of Engineers (USACE), use the 1-percent-annual-chance flood for planning and engineering design, as do
many State and local agencies. These agencies often have their own names for the 1-percent-annual-chance flood.

2.3.4 Rates of Rise and Fall

You may not have heard these terms before, but they describe important characteristics of flooding: how rapidly
the elevation (and therefore the depth) of water increases and decreases during a flood. These rates are usually
expressed in terms of feet or inches per hour. Floodwaters with high flow velocities, such as those in areas of steep
terrain, and water released by the failure of a dam or levee, usually rise and fall more rapidly than slower-moving
floodwaters, such as those in more gently sloping floodplains.

Rate of rise is important because it affects how much warning you will have of an impending flood. For example,
homeowners in the floodplains of large rivers like the Mississippi and Missouri may know days in advance that
flooding is occurring upstream and will eventually reach their homes. But in the floodplains of streams with rapid
rates of rise, homeowners may have only a few hours’ notice of a coming flood or perhaps none at all. With ad-
equate warning, you will be better prepared to take steps to protect yourself and your property. Warning time is
particularly important for flood protection methods that depend on action you must take. Chapters 3, 4, 7, and 8
further discuss this issue.

Rates of rise and fall are important also because of their effect on hydrostatic pressure. As explained in the
discussion of flood depth/elevation, hydrostatic pressure is most dangerous for a home when the internal and
external pressures are not equalized. This situation occurs when the level of water inside the home is significantly
higher or lower than the level outside. When floodwaters rise rapidly, water may not be able to flow into a home
quickly enough for the level inside the home to rise as rapidly as the level outside. Conversely, when floodwaters fall
rapidly, water that has filled a home may not be able to flow out quickly enough, and the level inside will be
higher than the level outside. In either situation, the unequalized hydrostatic pressures can cause serious structural
damage, possibly to the extent that the home collapses.
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2.3.5 Duration

Duration is how long a flood lasts, or how long it takes for the creek, river, bay, or ocean to return to its normal
level. As a homeowner, you may be more interested in how long floodwaters remain in or around your home
or perhaps how long they block nearby streets. In many floodplains, duration is related to rates of rise and fall.
Generally, water that rises and falls rapidly will recede more rapidly, and water that rises and falls slowly will recede
more slowly. An example of this relationship is the extensive flooding that occurred in the broad, flat floodplains
of the Midwest in 2008. In those areas, floodwaters rose slowly and remained high for many weeks or longer.

If your home is flooded, duration is important because it determines how long the structural members (such as
the foundation, floor joists, and wall studs), interior finishes (such as drywall and paneling), service equipment
(such as furnaces and hot water heaters), and building contents will be affected by floodwaters. Long periods of
inundation are more likely to cause greater damage than short periods. Duration can also determine how long
your home remains uninhabitable.

2.3.6 Debris Impact

Floodwaters can pick up and carry objects of all types—from small to large, from light to heavy—including trees,
portions of flood-damaged buildings, automobiles, boats, storage tanks, mobile homes, and even entire homes.
In cold climates, wintertime floods can also carry large pieces of ice. Dirt and other substances, such as oil, gaso-
line, sewage, and various chemicals, can also be carried by floodwaters. All of these types of debris add to the
dangers of flooding. Even when flow velocity is relatively low, large objects carried by floodwaters can easily damage
windows, doors, walls, and, more importantly, critical structural components of your home. As velocity increases,
so does the danger of damage from debris. If floodwaters carrying large amounts of dirt or hazardous substances
enter your home, damages may be greater. In addition, your cleanup costs are likely to be higher and your cleanup
time longer.

As you read the remaining sections of this guide, keep these flood characteristics and their effects in mind.
Section 2.3 and Chapter 4 explain how you can find out more about flooding in your area, including flood eleva-
tions near your home.

2.4 Other Hazards

Two more hazards you should be aware of are high winds (including hurricanes) and earthquakes. For homes
in areas subject to these hazards, some retrofitting methods are more appropriate than others. Chapters 3 and 4
further discuss this issue. But, regardless of the method you choose, if your home is in a high-wind or earthquake
hazard area, your design professional or contractor must ensure that all structural changes made can withstand not
only the expected flood forces, but the expected forces of winds or earthquakes as well.

Wind is similar to flowing water in that it pushes against the 1
side of the home that faces the wind and pulls on the side that w
faces away (Figure 2-11). Wind passing over a home can exert

a lifting force on the home. The combination of push, pull, and
lift acts on the home, including the foundation, and can re-
sult in extensive damage if the structural system and building
envelope are not adequately designed and constructed.

DEFINITION

The building envelope is the entire
exterior surface of a building (includ-
ing walls, doors, and windows) that
encloses or envelopes the space
within.
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The ability of the wind to damage a building is increased if the wind or windborne debris breaches the building
envelope by breaking windows, collapsing doors, or puncturing walls. Once the envelope is breached, wind will
enter the building and the pressure on the walls and roof will increase, as shown in Figure 2-11. Wind and flood
forces can combine in different ways, depending on the directions of the wind and flood flow. When the wind and
flood flow direction are the same, the load on the home is greater than the load from either wind or flood alone.

Figure 2-11. Wind forces

on a sealed building are e S . .
less than wind forces on a Sealed Building Building with Opening

building with an opening.

Wind
Direction

Wind
Direction

- -
TP & g

The movement of the ground during an earthquake can place
large horizontal and vertical loads on a home (Figure 2-12).
Like the loads that result from flood flow and wind, earthquake
loads can cause extensive damage to a home if they have not

been accounted for in the structural design. SENELED
Motion

High-wind and earthquake hazards vary throughout the Unit-

ed States. In Chapter 4, you will find maps that show the areas T 4‘—;\"”/2\}%51%/ I

where these hazards are greatest. For more information on ret- Earthquake Motion o

rofitting for wind refer to FEMA P-804, Wind Retrofit Guide for
Residential Buildings (FEMA.2010c¢), and for more information on Figure 2-12. Earthquake forces act in both
retrofitting for earthquakes refer to FEMA 232, Homebuilders’ Guide  porizontal and vertical directions.

to Earthquake-Resistant Design and Construction (FEMA. 2006).

2.5 Federal, State, and Local Regulations

In most communities throughout the United States, construction in floodplains is governed by combinations of
Federal, State, and local regulations; however, floodplain development can also be regulated wholly, or in part, by
the International Codes (I-Codes).The I-Codes are a comprehensive, consensus-based set of model building codes
that are often adopted at the State or local level. At the Federal level, FEMA administers the NFIP. Congress created
the NFIP in 1968 when it passed the National Flood Insurance Act (NFIA). The NFIP is a voluntary program for
communities. Its goal is to reduce the loss of life and the damage caused by flooding, to help the victims of floods,
and to lower the costs of flood damage borne by the taxpayer. Communities participate in the NFIP in several ways:

B Guiding future development away from flood hazard areas

B Requiring that new buildings, Substantially Improved existing buildings, and repair of Substantially
Damaged existing buildings in the SFHA be constructed in compliance with floodplain management
ordinance, regulation, or provisions of the building code intended to reduce flood damage
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B Providing floodplain residents with financial assistance
after floods

B Transferring the cost of flood losses from the taxpayer
to the owners of flood-prone buildings by requiring
the purchase of flood insurance for buildings in the
SFHA

The NFIP operates through a partnership between the Feder-
al Government, the States, and individual communities such as
counties and incorporated cities, towns, and villages.

A participating community adopts and enforces a floodplain
management ordinance, regulation, or provisions of the build-
ing code to regulate development within that floodplain,
including new construction, Substantial Improvement of exist-
ing buildings, and repair of Substantially Damaged buildings.
In return, federally backed flood insurance is made available to
property owners and renters who live in the community.

)

DEFINITION

Under the NFIP, an improvement of
a building (such as reconstruction,
rehabilitation, or an addition) is con-
sidered a Substantial Improvement
if its cost equals or exceeds 50 per-
cent of the market value of the building
before the start of construction of the
improvement.

Similarly, damage to a building, re-
gardless of the cause, is considered
Substantial Damage if the cost of
restoring the building to its before-
damage condition would equal or
exceed 50 percent of the market val-
ue of the building before the damage

occurred. Consult your local officials
about determining the value of your
home.

A participating community’s floodplain management ordi-
nance, regulation, or provisions of the building code must, at a
minimum, meet the requirements of the NFIP regulations, but
each community is free to establish additional or more stringent
requirements to provide additional protection. For example, the
regulatory floodplain defined by a community must include
the entire SFHA, but it may also include other flood hazard
areas within the community. Additionally, some States require
communities to adopt and enforce floodplain management
requirements that exceed the minimum requirements of the NFIP.

For more information, consult your
local officials, or refer to FEMA P-758,
Substantial Improvement/Substantial
Damage Desk Reference (2010).

These points are particularly important because of their potential effect on your retrofitting project. In this guide,
you will find many references to requirements included within your community’s floodplain management ordi-
nance, regulation, or provisions of the building code. These are the minimum requirements that all communities
must adopt and enforce in their floodplain management ordinance, regulation, or provisions of the building code
to be compliant with the NFIP regulations. Remember that you must comply with your community’s requirements,
which may be more stringent.

Usually, communities enforce other requirements that affect construction, both inside and outside of the regula-
tory floodplain. These requirements include those associated with building codes and land use regulations, such
as zoning and subdivision ordinances.

2.5.1 The Community Rating System

The NFIP Community Rating System (CRS) is a voluntary incentive program that recognizes and encourages com-
munity floodplain management actions that exceed the minimum NFIP requirements. Flood insurance premiums
are discounted to reward community actions that meet the three goals of the CRS. The three goals of the CRS
are to:
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B Reduce flood damage to insurable property
®  Strengthen and support the insurance aspects of the NFIP

B Encourage a comprehensive approach to floodplain management

When communities participate in the CRS, flood insurance rates for insured property owners and renters are
discounted in increments of 5 percent to a maximum discount of 45 percent, based on 18 creditable activities.
The activities are organized under four categories:

B Public information (e.g., offering references on flood insurance and flood protection at the public library)

®  Mapping and regulations (e.g., guaranteeing that a portion of currently vacant floodplain will be kept free
from development)

B Flood damage reduction (e.g., acquiring, elevating, and/or relocating flood-prone buildings so that they
are out of the floodplain)

B Flood preparedness (e.g., providing early flood warnings to the public)

To apply for CRS participation, a community submits documentation of its floodplain management activities to
the Insurance Services Office, which works on behalf of FEMA and the insurance companies. Specific information
about CRS and the application process can be found at the CRS online resource center at http://training fema.gov/
EMIWeb/CRS/.

2.5.2 Flood Insurance Rate Maps

To provide communities with the information they need to enact and enforce floodplain management ordinance,
regulation, or provisions of the building code, FEMA conducts floodplain studies for communities throughout
the United States and publishes the results in Flood Insurance Studies (FISs) and FIRMs (Figure 2-13). The FIS
for your community provides information about the names and locations of flood sources; historical flood data;
flood elevations of varying frequency, including BFEs; areas inundated by the various magnitudes of flooding; and
boundaries of the SFHA and floodway. This information is presented on FIRMs, which are used by FEMA and
local communities to establish flood insurance rates.

‘yj DEFINITION

o

The regulatory floodway is the channel of a river or other watercourse and the adjacent land areas that
must be reserved in order to discharge the base flood without cumulatively increasing the water surface
elevation more than a designated height (44 CFR §59.1).

More simply put, the floodway is the portion of the SFHA where new development is strictly regulated to
prevent flood elevations from increasing. The flood hazard is usually greater in the floodway than in the
surrounding areas of the SFHA, referred to as the “floodway fringe.” Floodwaters in the floodway fringe
are typically shallower and have less velocity.

NFIP regulations do not prohibit development in all portions of the SFHA. Instead, the regulations re-
quire that residential buildings in the SFHA be elevated to or above the community’s BFE. But floodplain
development can reduce the amount of space available to pass floodwaters, which can increase flood
elevations. For this reason, the NFIP and local communities prohibit Substantial Improvement and new
construction in the floodway.
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Figure 2-13. This FIRM for riverine flooding shows the SFHA (Zone AE), floodway (hatch-marked Zone AE along centerline
of river channel), and areas outside the SFHA (Zone X). The area between the limits of the base flood and 0.2-percent-

annual-chance flood are delineated by shaded Zone X. Areas above the 0.2-percent-annual-chance flood are delineated by
unshaded Zone X.

FIRMs are available online at FEMA’s Map Service Center (MSC): http://www.msc.fema.gov. The site allows you to
search for your flood map in one of four ways:

B Searching for your address
B Using the catalog, which allows you to select your State, county, community, and flood map from a list
B Using a map search, which allows you to zoom into your community from a map of the United States

®  Searching for a map panel by ID Number

Once you find your FIRM, you can create a printable FIRMette using the MSC Viewer. A FIRMette is a full-scale
section of a FEMA FIRM that you create for yourself online. There is no cost for making a FIRMette. FIRMettes are
used by many different parties such as community officials, mortgage lenders, real estate agents, design profes-
sionals, insurers, land developers, engineers, and surveyors.

The MSC Viewer allows you to zoom to the area you want to be included in your FIRMette and format your print-
able map. You can save your FIRMette either as an Adobe PDF file or as a TIFF file. The Map Service Center offers a
step-by-step tutorial on creating FIRMettes.
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Other Federal agencies, such as the USACE, U.S. Geological Survey, and Natural Resources Conservation Service
(formerly U.S. Soil Conservation Service), also publish flood information, as do some State and local agencies. This
information is often useful as a supplement to FISs and FIRMs. But, because it is developed to meet other needs,
it is not used for the NFIP unless it has been reviewed and approved by FEMA.

If you have questions about flood hazards in your community, including the limits of the regulatory floodplain,
flood elevations, or sizes and frequencies of past floods, check with your local officials. Usually, they will have
copies of the FIS and FIRM for your community. They can also help you determine whether your home is in the
regulatory floodplain and advise you about flood protection methods, including those described in this guide.
Local officials can also advise you about floodplain management requirements, building codes, and other require-
ments that may determine the types of changes you can make to your home. See Chapter 4 for more information
about working with local officials. You can also get help from your FEMA Regional Office (Appendix C) and the
office of your NFIP State Coordinator (Appendix D).

2.6 Financial Assistance for Retrofitting

2.6.1 Federal Programs

FEMA and other Federal agencies have an array of financial assistance programs that assist States, communities, and
individual property owners mitigate the negative effects of flood hazards. You may be eligible to receive financial
assistance through one or more of these programs that will help pay for some of the retrofitting projects docu-
mented in this guide. Check with your local officials, the FEMA Regional Office for your State (Appendix C), your
NFIP State Coordinator (Appendix D), or your State Historic Preservation Office (SHPO) (Appendix E).

If a Presidential Major Disaster Declaration has been issued for

. . |
your area, you may want to seek information from FEMA and W
the State and local government representatives supporting the

NOTE

post-disaster recovery of your community. Keep in mind that
funding for assistance programs is limited; often not everyone’s This section is not meant to be an
needs can be met. Many Federal assistance programs provide aII-mcIuswe Fdiscr!ptlon gf '_::dera:
grants to State and local governments, who must then set priori- aSS_IStanC_G' oflowing a rresi EIriie
. ) . . Major Disaster Declaration, State
ties for the use of the grant funds, including any potential use

o . and local officials will be briefed on
by 1nd1Yldual pro.pf:rty owners. Addmonally, not all methods of the available types of post-disaster
retrofitting are eligible for funding.

assistance.

Help from FEMA
Increased Cost of Compliance

One of the benefits provided by the NFIP is Increased Cost of

Compliance (ICC) coverage. If your home is covered by a Stan- WL
dard Flood Insurance Policy (SFIP), is in an SFHA, and has been J

NOTE

If a flood in your area is a federally de-
clared disaster, you must register with
FEMA to obtain assistance. The direc-
tions at http://www.fema.gov will walk
you through the application process.

_
declared by your community to be Substantially Damaged or re-

petitively damaged by flood, ICC will help pay for certain types
of retrofitting. ICC coverage is available for most SFIPs.
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If your home sustains a flood loss and the community has declared it Substantially Damaged or repetitively
damaged, ICC will help pay the cost (up to $30,000 effective May, 2011) for the following retrofitting methods:

B Elevation: This raises your home to or above your community’s adopted design flood elevation (DFE) (see
Chapters 3 and 5).

B Relocation: This includes moving your home to another floodplain location on your lot and elevating it
or moving it completely out of the regulatory floodplain (see Chapters 3 and 6).

B Demolition: This razes your home and restores the original property (see Chapters 3 and 6).

As noted earlier, your community’s floodplain management ordinance, regulation, or provisions of the building
code must include a requirement for Substantial Damage. Substantial Damage as defined in Section 2.5.

Some communities may have adopted a cumulative Substantial Damage or repetitive loss provision so that
repetitively damaged buildings can quality for an ICC claim payment. In order for buildings to quality for a claim
payment under ICC coverage as a “repetitive loss structure” the building must be covered by a contract for flood
insurance and incur flood-related damages on two occasions during a 10-year period ending on the date of the
event for which the second claim is made, in which the costs of repairing the flood damage, on the average,
equaled or exceeded 25 percent of the market value of the building at the time of each such event. Note that ICC
availability under this provision applies only if the community has adopted a cumulative Substantial Damage or
repetitive loss provision in the floodplain management ordinance, regulation, or provisions of the building code.
Also, note that under the NFIP, communities are not required to adopt a repetitive loss provision in their flood-
plain management ordinance, regulation, or provisions of the building code.

Remember, communities with a more restrictive floodplain management ordinance, regulation, or provisions of
the building code may require a greater level of protection. If for example, your community requires new and
Substantially Improved or Substantially Damaged buildings to be elevated 1 or more feet above the BFE, ICC allows
for an ICC claim payment up to the $30,000 limit of coverage.

An ICC claim may also be paid for a combination of retrofitting actions. For example, ICC coverage allows for
a claim payment for the cost of demolition and elevation at the same or another site within the SFHA. The ICC
payment to demolish and elevate your home is limited to $30,000.

To learn more about ICC coverage, review your SFIP and contact your insurance agent, your community floodplain
management official, the FEMA Regional Office that serves your community (Appendix C), or the office of your
NFIP State Coordinator (Appendix D). If a Presidential Declaration of Major Disaster has been issued for your area,
you can get help from the Mitigation and Insurance Desk at the local DRCs. In many cases, the ICC payments are
used to offset the non-Federal cost-share to participate in a disaster assistance program.

Unified Hazard Mitigation Assistance Program

FEMA'’s Hazard Mitigation Assistance (HMA) grant programs present a critical opportunity to reduce the risk to
individuals and property from natural hazards while simultaneously reducing reliance on Federal disaster funds.
Hazard mitigation is the only phase of emergency management specifically dedicated to breaking the cycle of
damage, reconstruction, and repeated damage. HMA programs provide pre- and post-disaster funding to States,
Territories, Indian Tribal governments, local governments, and eligible private non-profits (PNPs) for activities
that are consistent with the National Mitigation Framework’s Long-term Vulnerability Reduction capability. Quali-
fied private non-profits (PNPs) and individual homeowners are also eligible to receive HMA grant funds, but they must
apply through a State agency or local government.
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The statutory origins of each HMA program differ, but their goals are the same: reduce community vulnerability
to disasters, promote individual and community safety and resilience, promote community vitality after an inci-
dent, and reduce response and recovery resource requirements in the wake of a disaster. Three grant programs are
currently included in the Unified HMA program:

The Hazard Mitigation Grant Program (HMGP) is authorized by Section 404 of the Robert T. Stafford Disaster
Relief and Emergency Assistance Act, as amended (the Stafford Act), Title 42, United States Code (U.S.C.) 5170c.
The key purpose of HMGP is to ensure that the opportunity to take critical mitigation measures to reduce the risk
of loss of life and property from future disasters is not lost during the reconstruction process following a disas-
ter. HMGP is authorized by a Presidential Declaration of Major Disaster. A Governor may request HMGP funding
be available throughout the State or only in specific jurisdictions. The amount of HMGP funding available to the
Applicant is based upon the estimated total Federal assistance to be provided by FEMA for disaster recovery under
the Presidential Declaration of Major Disaster.

The Pre-Disaster Mitigation (PDM) program is authorized by Section 203 of the Stafford Act, 42 U.S.C. 5133.
The PDM program is designed to assist States, Territories, Indian Tribal governments, and local communities to
implement a sustained pre-disaster natural hazard mitigation program to reduce overall risk to the population and
structures from future hazard events, while also reducing reliance on Federal funding from future disasters. PDM
provides funds on an annual basis.

The Flood Mitigation Assistance (FMA) program is authorized
by Section 1366 of the NFIA, 42 US.C. 4104c, with the goal of
reducing or eliminating claims under the NFIP. FMA provides
funds on an annual basis.

[

C

1\

CROSS REFERENCE

The Repetitive Flood Claims (RFC)
program and the Severe Repetitive
Loss (SRL) program have been elim-
inated and significant changes have
been made to the FMA program.
For more information, refer to the
Unified Hazard Mitigation Assistance
Table 2-1 provides a summary of eligible retrofit activi- Guidance.

ties for each of the three programs in the Unified HMA
Program. More information about each program can be
found on the FEMA HMA Web site at https://www.fema.gov/
hazard-mitigation-assistance.

The National Flood Insurance Fund provides the funding for the
FMA program. The PDM and FMA programs are subject to the
availability of appropriation funding, as well as any program-
specific directive or restriction made with respect to such funds.
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Table 2 1. Eligible Retrofit Activities by Program

Elibigle Activities | HMGP | FmA

Acquisition/Demolition (for purposes of open space)

Relocation

Elevation

AN AN A NAN

Dry Floodproofing (historic residential structures)

ANIA NI NI NI N

Mitigation Reconstruction

Help from Other Federal Agencies

Several Federal agencies offer disaster assistance to communities and citizens. For a complete list of Federal assis-
tance programs for which you are eligible, visit http://www.disasterassistance.gov.

Small Business Administration (SBA)

SBA provides low interest disaster loans to homeowners, renters, businesses of all sizes, and PNP organizations to
repair or replace real estate, personal property, machinery and equipment, inventory, and business assets that have
been damaged or destroyed in a declared disaster. Visit http://www.sba.gov/services/disasterassistance/ for more
information.

U.S. Department of Housing and Urban Development (HUD)

HUD provides flexible grants to help cities, counties, and States recover from Presidentially Declared Major Disas-
ters, especially in low-income areas, subject to availability of supplemental appropriations. Visit http://www.hud.
gov/ for more information.

U.S. Army Corps of Engineers (USACE)

The USACE has the statutory authority to participate in flood protection projects that may include residential
retrofitting (including elevating flood-prone homes and acquiring badly damaged flood-prone homes). Contact
the appropriate USACE Division office for further information. You can find more information and contact infor-
mation for your USACE Division office at http://www.usace.army.mil.

Natural Resources Conservation Service (NRCS), U.S. Department of Agriculture (USDA)

The NRCS has the statutory authority to participate in small watershed flood protection projects that may include
residential retrofitting. Contact your local Conservationist for further information. More information is available
at http://www.nrcs.usda.gov.

Other Assistance Programs

Other Federal programs intended to protect and improve the environmental quality of floodplains may offer
financial assistance.
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2.6.2 Non-Federal Help
Programs Sponsored by State and Local Governments

States, local governments, and flood control and drainage districts sometimes develop financial assistance pro-
grams to promote flood hazard retrofitting projects. Ask your local officials whether such a program exists in your
community.

Voluntary Organizations

After floods and other major disasters, voluntary organizations often offer their services to support the rebuilding
of homes. Occasionally, materials are donated and volunteers offer to provide labor that could be used to reduce
the cost of a retrofitting project. Check with local officials, local service organizations, and homes of worship for
information about such services. Note that you must obtain building permits and comply with all relevant regu-
lations (including Substantial Damage requirements, if they apply), even if you receive assistance from voluntary
organizations.

Environmental Interest Organizations, Including Land Trusts and Nature Conservancies

Numerous non-government, non-profit, and quasi-public organizations are dedicated to enhancing the environ-
mental benefits of floodplains. Sometimes these organizations provide funds that can be used in the restoration or
protection of the natural beneficial value of the floodplain.
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3.0 An Overview of the
Retrofitting Methods

This guide describes six retrofitting methods for you to consider as you think about how to protect your home
from flooding:

Elevation — Raising your home so that the lowest floor or lowest horizontal member is at or above the
regulated flood level. You can accomplish this in several ways. (Chapter 5)

( - j Relocation — Moving your home to higher ground where it will reduce the exposure to flooding.
(Chapter 6)

5_1 Demolition — Tearing down your damaged home and either rebuilding on the same property or buying
- building a home elsewhere. (Chapter 6)

Wet Floodproofing — Making portions of your home resistant to flood damage and allowing water to
- enter during flooding. (Chapter 7)

-
N = _' Dry Floodproofing — Sealing your home to prevent floodwaters from entering. (Chapter 7)

4 '. Barrier Systems — Building a floodwall or levee around your home to restrain floodwaters. (Chapter 8)

This chapter describes the six methods in detail. Keep in mind that only elevation, relocation, allowable wet
floodproofing, and demolition can be used to meet the minimum requirements of the NFIP. Barrier systems, dry
floodproofing, and some wet floodproofing may be used to minimize damages, but are not recognized as meeting
the minimum requirements of the NFIP Remember that purchasing flood insurance for your home is important,
even if you mitigate using one of these methods.

While the aforementioned mitigation methods protect the actual structure, this guide also describes retrofitting
options for equipment and utilities to consider as you think about how to protect your home from flooding:
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-2« . Equipment/Utilities — Equipment/Utilities — Retrofitting existing building equipment and utility sys-
'.,,If.l-, tems may involve a combination of elevating and/or protecting in place. (Chapter 9)
-’

For each method, you will find a section that explains how the method works and where it should
and should not be used, lists its advantages and disadvantages, and provides a relative cost estimate. But first, you
should be aware of some general cautions about retrofitting.

WARNING

In the areas listed below, the risks to lives and property are usually greater than in other flood-prone
areas:

¢ Coastal High Hazard Areas (insurance Zone V, VE, and V1-V30) shown on a FIRM (Figure 2-13)
* Coastal A zones (portion of Zone A seaward of the limit of moderate wave action (LIMWA))

* Floodways shown on a FIRM (see Figure 2-13)

¢ Alluvial fan flood hazard areas (certain Zone AO with depths and velocities) shown on a FIRM

e Areas subject to flash floods

e Areas subject to ice jams

e Areas subject to extremely high-velocity flood flows

Modifying a home to protect it from flood damage in these areas requires extreme care and may also
require complex, engineered designs. If your home is in one of these areas, relocation or demolition (as
described later in this chapter and in Chapter 6) may be a more conservative option rather than any of
the other retrofitting methods discussed in this guide. If you have any doubt about whether your home is
in an area of unusually severe hazard, consult your local officials.

3.1 Cautions

3.1.1 Substantial Improvement/Substantial Damage

As noted in Chapter 2, your community’s floodplain manage-

ment ordinance, regulation, or provisions of the building code -

includes restrictions on the types of changes that may be made W NOTE

to a home that is being Substantially Improved or that has sus-

tained Substantial Damage. These restrictions prohibit or limit Substantial Improvement and
the use of some retrofitting measures. Two of the six methods Substantial Damage are defined in
described in this guide—dry floodproofing and levees/flood- Section 2.5 and Appendix B.
walls—can reduce future damage but may not be used to bring

a Substantially Improved or Substantially Damaged home into
compliance with your community’sfloodplain management ordinance, regulation, or provisions of the building
code. Instead, in accordance with your community’s requirements, you must do one of the following:

B Move the home out of the regulatory floodplain
B Elevate the home so that its lowest floor is at or above the BFE

B In conjunction with elevation, wet floodproof the areas of the home below the BFE and use them only
for parking, building access, or storage
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3

B Demolish the home and either rebuild or buy a home elsewhere

Additional requirements apply to the use of wet floodproofing.
These are described later in this chapter and in Chapter 7.

3.1.2 Basements

Another important floodplain management requirement con-
cerns basements. If your home has a basement below the BFE
and your local officials determine that it is being Substantially
Improved or is Substantially Damaged, the basement must be elimi-
nated. You can usually do this by backfilling it with compacted
soil or other suitable material. For floodplain management pur-
poses, the NFIP regulations define a basement as “any area of the
building having its floor subgrade on all sides.” Your communi-
ty’s floodplain management ordinance, regulation, or provisions
of the building code may include a more restrictive definition
of basement.

Note that the NFIP definition of “basement” does not include
what is typically referred to as a “walkout-on-grade” base-
ment, whose floor would be at or above adjacent grade on at
least one side of the building. Depending on your community’s
floodplain management ordinance, regulation, or provisions of
the building code, the requirement to eliminate the basement in
a Substantially Improved or Substantially Damaged home may not
apply to a walkout-on-grade basement. Instead, you may be able
to wet floodproof the area. However, a wet floodproofed walk-
out-on-grade basement may be used only for parking, building
access, or storage.

Your local officials can tell you more about these requirements
and others that may be specified by local building codes and or-
dinances (see Chapter 4).

3.1.3 Flood Protection Elevation and Risk

When you retrofit your home, one of the most important
things you will do is choose a level of flood protection. In oth-
er words, will you protect your home from the base flood, the
0.2-percent-annual-chance flood, or some other flood? In some
instances, this decision will be entirely yours; in others, it will
depend largely on the regulatory requirements of your commu-
nity, your State, or both. If your retrofit project is being funded
through a Federal, State, or local agency, you may also be sub-
ject to different regulatory requirements. For the purpose of this
publication, the flood protection elevation is considered the
flood protection level you choose for your home.

&)

DEFINITION

Walkout-on-grade is a term com-
monly used to describe a basement
whose floor is at ground level on at
least one side of a home. The term
“walkout” is used because most base-
ments of this type have an outside
door or doors (entry door, garage
door, or both) at ground level (see fig-
ure below). Note that if a basement
floor is below grade on all sides (a
basement as defined by the NFIP reg-
ulations) the basement may still have
an outside door, but the door will be
below ground level and stairs will be
required for access.

Basement Door
or Garage
Door

First Floor
Door

Grouni)

I
1Basement
| Floor \[

Walkout-on-Grade
Basement

Basement Door

First Floor or Garage
Door Door
- Ground
| “

|
|Basement\ -

T =
1 i
Floor Yy ‘J

Exterior Stairwell

SubGrade Basement
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wrj DEFINITION

Flood protection elevation — The elevation you choose to protect your home against the flood haz-
ard. Although it is feasible for you to have a flood protection elevation less than the DFE, protecting your
home to at least the DFE is recommended.

Design flood elevation (DFE) — The elevation of the design flood relative to the datum specified on the
community’s FIRM or flood hazard map. The design flood is the greater of the following two flood events:
(1) the base flood, affecting those areas identified as special flood hazard areas on the community’s
FIRM; or (2) the flood corresponding to the area designated as a flood hazard area on a community’s
flood hazard map or otherwise legally designated. The I-Codes, ASCE 7, and ASCE 24 use the term
DFE. In many communities, the DFE is identical to the BFE. Communities may designate a design flood
(or DFE) in order to regulate based on a flood of record, to account for future increases in flood levels
based on upland development, or to incorporate freeboard.

Base flood elevation (BFE) — The elevation of the base flood relative to the datum specified on a com-
munity’s FIRM. The base flood has a 1 percent chance of being equaled or exceeded in any given year.
BFEs are shown on FIRMs for many SFHAs. Relative to NFIP requirements, the BFE is the minimum
elevation to which the lowest floor of a building must be elevated or floodproofed (Zone A). In Zone V, the
bottom of the lowest horizontal structural member must be elevated to or above the BFE; floodproofing
is not permitted in Zone V. Many SFHAs are shown on FIRMs without BFEs; in these areas, community
officials and permit applicants are required to obtain and use information from other sources, or must
estimate or develop BFEs at specific locations.

Freeboard — An added margin of safety, expressed in feet above a specific flood elevation, usually the
BFE. In States and communities that require freeboard, buildings are required to be elevated or flood-
proofed to the higher elevation. For example, if a community adopts a 2-foot freeboard, buildings are
required to be elevated or floodproofed to 2 feet above the BFE.

As you will see in this chapter, different retrofitting methods protect your home in different ways. For example,
when you elevate your home, you protect it by raising its lowest floor to a specified elevation. When you dry
floodproof your home, you use sealants, shields and other measures to protect the part of your home below a
specified elevation by preventing water from entering the building. Because some seepage is anticipated, sump
pumps are used to control the seepage and flood-damage-resistant materials are used to prevent damage where
seepage is likely to occur. The home’s structural components must have the capacity to resist increased flood loads
resulting from dry floodproofing. To wet floodproof, you allow floodwaters to enter your home, but prevent
damage below a specified elevation by using flood-damage-resistant materials and construction techniques. When
you protect your home with a levee or floodwall, the top of the levee or floodwall is constructed to a specified
elevation. To meet the requirements of the NFIP and potentially reduce your flood insurance premium, FEMA
recommends protecting your home to the DFE.

If your home is being Substantially Improved or has been Substantially Damaged, your community’s floodplain
management ordinance, regulation, or provisions of the building code will specify a DFE that is at least equal
to the BFE (the elevation of the 1-percent-annual-chance flood). Communities may require a higher DFE if they
wish, or they may be required to do so by State law. Some States and communities require a higher DFE by estab-
lishing freeboard requirements, as discussed in Section 3.1.4.Your local officials can advise you about this.
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On the other hand, if NFIP compliance is not required (the building does not have to meet the requirements of
Substantial Improvement/Damage), then you may choose to have a flood protection level less than the DFE.

Although you cannot use a flood protection elevation lower than that required by your community, you are prob-
ably free to use a higher elevation if you wish to provide a greater level of flood protection. Depending on your
situation, your choice of flood protection method and optimal elevation will be based largely on the cost to el-
evate to different elevations, the risk reduction provided by different elevations, and the annual cost of insurance

premiums at different elevations.

In general, you will find that the cost of retrofitting increas-
es as your flood protection elevation increases. For example,
protecting your home to the elevation of the 2-percent-annual-
chance flood with one of the methods described in this guide
will probably cost you less than protecting it to the BFE with the
same method (although the additional cost to protect to the BFE
may be small). Although using a lower flood protection eleva-
tion may result in a less expensive retrofitting project, it exposes
your home to a greater risk of flood damage and higher insur-
ance rates. So in choosing a flood protection elevation, you must
consider not only how much you are willing to pay, but also the
level of risk you are willing to accept, including the potential
for damage, financial loss, and emotional distress. For example,
recent studies have shown that adding 1 to 3 feet of freeboard
above the BFE to an elevation project can pay for itself within a
few years through a 25 to 60 percent annual reduction in flood
insurance premiums.

@ NOTE

A single-story home that is valued
at $150,000 and located in Zone AE
can have differing insurance premi-
ums based on the level of protection.
If the home is elevated to the BFE
and does not have an enclosure, the
annual premium would be approxi-
mately $1,294. If the same home is
elevated to 2 feet above the BFE, the
annual premium would be approxi-
mately $389. The increase in the flood
protection level would result in a 70
percent savings in annual insurance

premiums that would be passed onto
the homeowner.

One way to see the relationship between your flood protection
level and risk is to look at the probabilities associated with floods
of various magnitudes during a period of 30 years, which is also
the same length of a standard mortgage (Figure 3-1).The percentages shown along the vertical axis of the graph
in Figure 3-1 are the probabilities that a flood will be equaled or exceeded during a 30-year period. This prob-
ability decreases as the magnitude of the flood increases. So the probability of a flood with an elevation equal to
or greater than the flood protection elevation you choose decreases as your flood protection elevation increases.
For example, compare the risks associated with the 2-percent-annual-chance (50-year) flood and the base flood.
If you choose a flood protection elevation equal to the elevation of the 2-percent-annual-chance (50-year) flood,
the probability that a flood as high as or higher than your flood protection elevation will occur during a 30-year
period is 45 percent. But if you choose a flood protection elevation equal to the 1-percent-annual-chance flood
(100-year flood or base flood), the probability drops to 26 percent. Although the base flood serves as the basis
for NFIP insurance rates and regulatory floodplain management requirements, the relative frequency of any given
flood (e.g., 2- year or 10-year) serves as a useful reference point when selecting a retrofitting option, evaluating
cost effectiveness, and comparing relative risk.

Regardless of the flood protection elevation you choose or are required to use, you must realize that a larger flood
is always possible and that there will always be some risk of damage. If you don’t have flood insurance, you should
purchase a policy; if you have flood insurance, you should maintain your policy, even if you have protected your
home to or above the BFE. Once a home has been retrofitted to meet the NFIP requirements for Substantially Im-
proved structures, it will probably be eligible for a lower flood insurance rate depending on the level of protection
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of your flood retrofit. Note that dry floodproofing of residential structures is not permitted to meet NFIP require-
ments, and is not recognized for flood insurance premium reduction purposes. Also, unless a floodwall or levee is
accredited, it is not recognized for flood insurance premium reduction purposes.
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3.1.4 Freeboard and Flood Mapping Uncertainties

If you are protecting your home by elevating it, dry floodproofing it, or building a levee or floodwall, you should
include a minimum of 1 foot of freeboard in your flood protection elevation, even if your community does not
require you to do so. For example, if you are elevating your home to protect it from the base flood, your flood
protection elevation should be equal to the BFE plus 1 foot.

Freeboard is recommended because of uncertainties regarding

expected flood elevations. These uncertainties exist for several ‘ | ’

reasons, but the two primary reasons are limitations of the ana- DEFINITION

lytical methods used in floodplain studies and potential effects

of future watershed development, such as the construction of The watershed of a stream is the
buildings and roads. geographic area that contributes sur-

face water, from rain or melting snow,

FEMA and other agencies that perform floodplain studies use to that stream.

a variety of standard engineering methodologies to determine

flood frequencies and flood elevations. These methods involve the use of historical data, field measurements,
and assumptions and judgments, all of which can affect the accuracy of the results. Some amount of uncer-
tainty regarding the results is, therefore, unavoidable, and the potential for flood elevations higher than those
expected should always be accounted for in retrofitting. For example, FEMA’s FIRMs include areas subject to the
0.2-percent-annual-chance flood (designated on FIRMs as Zone B or shaded Zone X) and areas outside of the
0.2-percent-annual-chance flood (designated on FIRMs as Zone C or unshaded Zone X). Homes constructed in
Zones B, C, or X are not considered to have a high risk of flooding by the NFIP, but that does not mean that they
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are not subject to flooding. In fact, 25 to 30 percent of all flood insurance claims are for flood damages that occur
in one of these zones.

Another example of uncertainties in mapping exists in coastal areas. Coastal FIRMs show Coastal High Hazard Ar-
eas (designated on FIRMs as Zones V, VE, and V1-V30), which are subject to waves of 3 feet or higher. However,
historic observations have shown that many coastal homes located outside of Zone V areas still experience sig-
nificant damage from moderate wave heights of 1.5 to 3 feet. For this reason, FEMA is working to update many
coastal FIRMs to include SFHAs seaward of the LIMWA, also known as Coastal A Zones. Zone A in coastal areas
is divided by the LIMWA. The LIMWA represents the landward limit of the 1.5-foot wave. The area between the
LiMWA and the Zone V limit is known as the Coastal A Zone for building code and standard purposes and as the
Moderate Wave Action (MoWA) area by FEMA flood maps. Again, this area is subject to wave heights between 1.5
and 3 feet during the base flood. The area between the LIMWA and the landward limit of Zone A due to coastal
flooding is known as the Minimal Wave Action (MiWA) area and is subject to wave heights less than 1.5 feet dur-
ing the base flood. Although not an NFIP requirement, FEMA recommends that homes located in Coastal A Zones
meet the same requirements as homes constructed in Zone V areas. Figure 3-2 is a typical paper FIRM showing
the delineations between Zone V, the MOWA area, the LIMWA, Zone A, and the MiWA area. Figure 3-3 is an ex-
ample of a transect perpendicular to the shoreline showing the delineations between Zone V, the MoWA area, the
LiIMWA, Zone A, and the MiWA area.
I e 22 P of
paper FIRM showing coastal
flood insurance rate zones.
The icons on the right
indicate the associated flood
hazard zones for design
and construction purposes.
The LIMWA is not shown on
older FIRMs, but is shown on
newer FIRMs.

Limit of moderate wave action (LIMWA)

Zone X
(shaded)

1

(MiWA)

r‘

(MoWA)

Shoreline

HOMEOWNER’S GUIDE TO RETROFITTING SIX WAYS TO PROTECT YOUR HOME FROM FLOODING 3-7



3 AN OVERVIEW OF THE RETROFITTING METHODS

m m
\'} A
(MoWA) (MiWA)
h Wave height > 3 feet “| Waveheight3.0-1.5feet | Wave height | i
< 1.5 feet
BFE Flood level including It;gz,g o
1 wave effects LiIMWA flooding
______ S and waves

100-year

Sea level \y

Shoreline

Figure 3-3. Typical transect perpendicular to the shoreline showing the delineations between Zone V, the MoWA area, the
LiMWA, Zone A, and the MiWA area.

Development in a watershed can increase the size and frequency of floods in that watershed. In general, water-
shed development reduces the amount of open ground available to absorb water from rain and melting snow and,
therefore, increases the amount of water that makes its way into streams. As a result, in a developing watershed,
an amount of rainfall that might have caused minor floods in the past may cause larger floods and higher eleva-
tions in the future.

FEMA’s floodplain studies are based on the watershed conditions existing at the time the studies are performed.
They do not account for potential increases in watershed development or any other changes that might affect the
sizes of future floods. The reason for this approach is that one of the primary purposes of FISs and FIRMs is to pro-
vide the technical basis for establishing flood insurance rates. Therefore, the flood hazards must be shown as they
are, not as they might be. Also, attempting to predict the level of future watershed development in every study and
determine the effects not only would be extremely difficult but also would require additional assumptions and
judgments that could increase uncertainty. However, in many watersheds, some amount of development is inevita-
ble. So, providing freeboard is a prudent means of protecting against the increased flood elevations that may result.

3.1.5 Human Intervention

Retrofitting methods fall into two general categories: those that

depend on human intervention, which are referred to as “ac- ‘L_LJ’

tive” methods, and those that do not, which are referred to as J DEFINITION

“passive” methods. For example, elevating your home does not

require human intervention to be effective. But what if you have Human intervention is any action
a floodwall with an opening for your car? In addition to requir- that a person must take to enable a
ing interior drainage, a floodwall with an opening will protect flood protection measure to function
your home only if you can close the opening before flooding as intended. This action must be tak-
occurs. So your floodwall will have to be fitted with a gate (or en every time flooding threatens.

some other type of closure mechanism), and every time flood-
ing threatens, you will have to be warned far enough in advance
so that you can close the gate in time.
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The need for adequate warning time and human intervention
makes active methods less reliable than passive methods. You
should try to avoid active methods when you choose a ret-
rofitting method for your home, keeping in mind that active
methods cannot be used to bring a home into compliance with
the NFIP. If your retrofitting project includes active methods,
you must have a plan that describes what actions you will take to
make the measures work and when you will take those actions.

3.1.6 Other Considerations

The retrofitting measures discussed in this guide may be the best means of protection for a home in an area where
a large flood control project or major waterway improvement, is not feasible, warranted, or appropriate. You
should keep the following in mind whenever you consider a retrofitting project:

WARNING

Some communities may restrict or
prohibit the use of active retrofitting
methods for flood protection.

Communities participating in the NFIP require permits for all development within the regulatory
floodplain. Under your community’s floodplain ordinance or law, any changes to buildings and other
structures are considered “development.” These changes include improvements and repairs of existing
buildings and other structures. Also, communities usually require building permits for many of the
activities associated with the retrofitting methods described in this guide. In communities that have
adopted a floodplain ordinance or law, health code, and building code, the permits required by these
ordinances, laws, and codes may be issued separately or as one combined permit. You may need a permit
for the following:

]

Modifying your existing home or building a new
home on a flood-prone site. A floodplain permit
and possibly a building permit will be required.

Moving a home on public rights-of-way. If you
relocate your home, you will probably need
a permit, not only from your community but
also from your State, as well as from any other
communities through which the home will pass
on its way to the new site. A relocation project may
also require a permit for the foundation at the new
site.

Demolishing a damaged home and restoring the
site after demolition, including grading, planting
vegetative cover, capping and abandoning utilities,
and removing or securing underground septic and
fuel storage tanks.

You may wish to obtain the permits necessary for
your retrofitting project yourself or arrange for your
retrofitting contractor or design professional to obtain
them. But remember, you must have the necessary
permits in hand before you begin your project. As
discussed in Chapter 4, your local officials are the best
source of information about State and local permit
requirements.

 —=
—

wrj CROSS REFERENCE

=M
—

Your design professional or contrac-
tor should review some or all of the
applicable versions of the follow-
ing nationally recognized codes and
standards:

e |nternational Code Council,
International Building Code (IBC)

e |nternational Code Council,
International Existing Building
Code (IEBC)

¢ International Code Council,
International Residential Code
(IRC)

e ASCE, Minimum Design
Loads for Buildings and Other
Structures (ASCE 7)

e ASCE, Flood Resistant Design
and Construction (ASCE 24)

e See Appendix A for more
information.
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3.2

In addition to meeting the requirements of the floodplain management ordinance and building codes,
you may need to comply with the requirements of other Federal, State, and local laws and ordinances, such as those
dealing with zoning setbacks and wetlands. Again, your local officials are the best source of information about
these requirements.

If your retrofitting project will involve financial assistance from a Federal agency and your property is 50
years old or older, you must work with that agency to ensure that your project complies with the National Historic
Preservation Act (16 U.S.C. 470). The act requires that, before releasing any Federal assistance, the agency
determine whether the property is eligible for inclusion in the National Register of Historic Places and if
so, whether your project will have any effect on the historic character of the property. This requirement
may not apply in some emergency situations or if the agency has made prior arrangements with historic
preservation officials. For more information, contact your SHPO (Appendix E).

Most retrofitting measures should be designed and constructed by experienced professionals, such as contractors,
engineers, and architects. Using professionals helps you make sure that the work is done properly, that
code and regulatory requirements are met, and that, once completed, the retrofitting measures will work.

Most retrofitting measures cannot be simply installed and forgotten. You will need to periodically inspect
and maintain them to be sure that they will continue to work over time, especially if they require human
intervention or depend on certain materials.

Even though retrofitting will help protect your home from flooding, you should never remain in your home during
flooding. Stay informed about flooding conditions by monitoring local radio and television stations. Be
prepared to evacuate when necessary.

Elevating your home may reduce the cost of your NFIP flood insurance policy. Relocating a home to a
site outside the regulatory floodplain eliminates the mandatory flood insurance purchase requirement
and significantly reduces the cost of flood insurance for an owner who wishes to purchase a policy.

Construction Terminology

In the remainder of this guide, you will find many references to common types of home construction, such as
frame or masonry, and common types of home foundations, such as slab-on-grade or crawlspace. Even if you are
already familiar with these and other home construction terms, take a minute to review the following information
before you move to the descriptions of the retrofitting methods.

3.2.1 Construction Type

The most common home construction types are (Figure 3-4):

Frame — walls constructed of wood or light-gauge metal studs, with wood, vinyl, or aluminum siding

Masonry veneer — frame walls with a non-structural, decorative, exterior layer of brick, stone, or concrete block
instead of siding

Masonry — walls constructed of brick, stone, or concrete block

Modular home — frame home assembled on site on a permanent foundation from separate sections manufactured
elsewhere (subject to local building codes)

3-10
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Manufactured home — prefabricated frame home constructed on a transportable frame that can be placed on a
permanent or temporary foundation (subject to Federal and State standards)

Some homes consist of combinations of two or more of these construction types.

Frame Masonry veneer Masonry
Exterior J— structural Exterior J— Structural
sheathing wood-frame siding wood-frame wall
behind wall
siding —<— Exterior sheathing Furring
behind veneer Structural strip
Decorative brick wall
Exterior \kjtralr?ger
siding
r Floor T Floor T
| —+¢<— Concrete block 1< Concrete block
Ground
SZZ8 .l SZZ8 SZZ8 SN SZZ8
<< Concrete block << Concrete block 1< Concrete block
Concrete Concrete Concrete
footing footing footing

Figure 3-4. Typical cross-sections of three common construction types: frame, masonry veneer, and masonry. The
foundation shown here for all three construction types consists of concrete blocks and a concrete footing. The same
construction types are also found on basement and slab-on-grade foundations.

3.2.2 Foundation Type

Most homes of the construction types listed above are built on ‘L__LJ’

the following types of foundations (Figure 3-5): DEFINITION

Concrete poured into forms at the
construction site is referred to as
cast-in-place concrete.

Basement — with masonry or cast-in-place concrete walls

Crawlspace — with masonry or cast-in-place concrete walls

Slab-on-grade — either a slab with a masonry or concrete foun-
dation or a thickened slab (see Figure 5-5 in Chapter 5)

WARNING

The relative costs in this chapter are
provided only as examples of what to

expect when choosing a retrofitting
Some homes are built on more than one type of foundation. Var- method. Be sure to get a complete

ious combinations of basement, crawlspace, and slab-on-grade
foundations are common. Manufactured homes are occasionally tractor and design professional before
installed on basement or crawlspace foundations but are more you begin any retrofitting project (see
often supported either by stacks of concrete blocks or by foun- Chapter 4).

dation systems designed specifically for manufactured homes.

Open foundation — usually concrete or masonry piers, but
sometimes wood, concrete, or metal posts, columns, or piles

written cost estimate from your con-
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Basement Crawlspace Slab-on-Grade Open Foundation Open Foundation
foundation Foundation Foundation (Pilings) (Posts/Columns)
First floor and First floor and
P lowest floor lowest floor
First floor and
lowest floor First floor and Pile
lowest floor
Crawlspace
NIRRT RS YGlap |[AG ¢ ¢ ¢ T 1 1
._.\ ..... ._+.. ié ii ii ii ................
Footing Fooing  I: i i i Post/column withj
e Foundation wall S concrete pad
\ Footing
Figure 3-5. Home foundation types.
3.3 Retrofitting Methods and Costs
The following sections give an overview of the six retrofitting
methods, explain how they work and where they are appro- WL
priate, and list their advantages and disadvantages. With this g J NOTE

information, you will be ready for Chapter 4, Deciding Which Meth-
od Is Right for Your Home. When you elevate your home, the
existing foundation will need to be ex-
tended or demolished and rebuilt. This
decision will depend on the condition
of the existing foundation and its abil-

ity to carry additional loads.

3.3.1 Elevation

Elevating a home to prevent floodwaters from reach-
ing living areas is an effective retrofitting method.

The goal of the elevation process is to raise the lowest
floor to or above the DFE.You can do this by elevating

- —

the entire home, including the floor, or by leaving the home in =

its existing position and constructing a new raised floor with- F\j

in the home. The method used depends largely on construction y CROSS REFERENCE
type, foundation type, and flooding conditions. Chapter 5 pres- FEMA P-550, Recommended

ents more detailed information on elevation.

During the elevation process, most homes (including manufac-
tured homes) are separated from their foundations, raised on
hydraulic jacks, and held by temporary supports while a new or
extended foundation is constructed below. This method works
well for homes originally built on basement, crawlspace, and
open foundations. As explained later in this section, the new or
extended foundation can consist of continuous walls or separate
piers, posts, columns, or piles.

Residential Construction for Coastal
Areas: Building on Strong and Safe
Foundations (FEMA. 2009), offers
more detail about these foundation
types and elevation.
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For homes with slab-on-grade foundations, elevation can be
done in one of two ways. One approach is to leave the home
attached to the slab foundation and lift both together. After the
home and slab are lifted, a new foundation is constructed below

e ——
— &

w-j CROSS REFERENCE

(AN

/

the slab. The other approach is to detach the home from the slab
and elevate the home, leaving the slab foundation in place. After
the home is lifted, a new, elevated floor is constructed.

Unlike other types of construction in which elevation can be
relatively straightforward, elevating slab-on-grade homes with
the slab intact is technically challenging and often not feasible.
When a slab-on-grade home is elevated with the slab intact, the
slab, which was previously continuously supported by the soils
beneath it, must function as a structural element. It must span
the distance between the portions of the foundation that sup-
port the elevated home. Typically, these slabs often are either
unreinforced or only lightly reinforced with welded wire fabric
and are essentially non-structural. These slabs may not be able
to support the loads of an elevated home. Consequently, the slab
foundation should be thoroughly evaluated by a registered de-
sign professional before choosing this mitigation option.

Alternative techniques are available for masonry homes on slab-
on-grade foundations. As described later in this section, these
techniques do not require the lifting of the home. Instead, they
involve raising the floor within the home or moving the living
space to an upper story. Guidance for elevating slab-on-grade
masonry homes can be found in FEMA P-347, Above the Flood: El-
evating Your Floodprone House (FEMA. 2000).

Although elevating a home can help protect it from floodwaters,
you need to consider other hazards before choosing this meth-
od. Elevating the home can make it more susceptible to damage
from earthquakes. In addition, both continuous wall founda-
tions and open foundations can fail as a result of damage caused
by erosion and the impact of debris carried by floodwaters. If
portions of the original foundation, such as the footings, are
used to support new walls or other foundation members, or a
new second story, they must be capable of safely carrying the
additional loads imposed by the new construction and the ex-
pected flood, wind, and earthquake forces.

Method #1: Elevating on Continuous Foundation Walls

Although this method is usually used in flood hazard areas
where the risks of wave action and high-velocity flow are low

FEMA has produced a videotape
titted Best Build 3: Protecting a
Flood-Prone Home, which illustrates
the retrofitting methods described in
this guide (see Appendix A).

DEFINITION

A footing is the base of a foundation.
Footings are usually made of con-
crete and may be reinforced with steel
bars. Foundation walls are support-
ed on continuous footings; separate
foundation members, such as piers,
are supported on individual footings.

Individual footing

Continous footing

NOTE

Elevation on open foundations is re-
quired by the NFIP in Zone V areas
(even when the ground elevation lies
above the BFE) and is strongly rec-
ommended for Coastal A Zones.
Some States and communities have
formally adopted open foundation
requirements for Coastal A Zone
construction.

(Figures 3-6 and 3-7), continuous foundation walls in low-velocity flow areas with wave action can also be sus-
ceptible to structural damage. Open foundations should be considered as a reasonable mitigation option. After
the home is detached from its foundation and raised on jacks, the existing foundation is often saved and the
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foundation walls are extended. The new portions of the walls are usually made of masonry block or cast-in-place
concrete. Although this method may be the easiest way to elevate a home, it can involve some additional construc-
tion modifications or reinforcements.

Figure 3-6. Typical cross-
section of home elevated on
continuous foundation walls.

Service equipment
(such as utilities and
electrical circuits)
moved above

Lightweight or mobile

flood level items (such as a car)

. | can be stored under
Openings on each 0 the home and moved
wall ensure entry of L] l a prior to flooding
water to equalize L

hydrostatic pressure

Figure 3-7. Before (left) and after (right) photos of a retrofitted home elevated on extended continuous foundation walls.

Depending on the size of your home, the amount of elevation, and the magnitude of the potential environmental
loads (such as those from floods, wind, earthquakes, and snow), your contractor may have to modify or reinforce
the footings and foundation walls to ensure the structural stability of the home. The original footings may have to
be replaced with ones that have a higher capacity for environmental loads. Both the footings and the foundation
walls may need to be reinforced with steel bars.

This type of foundation creates what is referred to under the NFIP as an “enclosure.” The enclosure must be con-
structed of flood damage-resistant materials, have all service equipment elevated above the DFE, and be used only
for parking, access, or storage. NFIP Technical Bulletin 2, Flood Damage-Resistant Materials Requirements (FEMA. 2008),
defines a “flood [damage]-resistant material” as “any building product [material, component, or system] ca-
pable of withstanding direct and prolonged contact with floodwaters without sustaining significant damage.”
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“Prolonged contact” means at least 72 hours, and “significant damage” means any damage requiring more than
cosmetic repair. Technical Bulletin 2 provides a detailed list of appropriate flood damage-resistant materials and
also classifies flood damage-resistance of materials as acceptable or unacceptable based on water resistance and
ability to be cleaned.

The enclosure must also be constructed with openings to allow equalization of hydrostatic pressure to comply
with NFIP and building code requirements. As explained in Chapter 2, unequalized hydrostatic pressure exerted
by floodwaters can collapse walls, regardless of the construction materials used. The NFIP may require that open-
ings be installed in the foundation walls so that water can flow into and out of any enclosed area below the newly
elevated home. NFIP Technical Bulletin 1, Openings in Foundation Walls and Walls of Enclosures (FEMA. 2008), provides
guidance on the NFIP regulations concerning openings in foundation walls. When the water levels on both sides
of the foundation walls are the same, the hydrostatic pressure is equalized. If you are elevating your home as part
of a Substantial Improvement or in connection with repairs of Substantial Damage, your community’s floodplain
management ordinance, regulation, or provisions of the building code will require that you install openings in all
areas below the BFE. Consult your local officials about local requirements for openings.

Method #2: Elevating on Open Foundations

Unlike continuous foundations, open foundations consist of individual vertical structural members that support
the home only at key points. Because they present less of an obstacle to flood flows than continuous walls, open
foundations can be used in areas where there are risks of wave action and high-velocity flood. Most open founda-
tions consist of piers, posts, columns, or piles.

Piers. Piers (or columns) are commonly built with
masonry block or are made of cast-in-place concrete
(Figure 3-8). Piers can be made from wood and steel as
well. The bottom of each pier sits on a concrete footing.
Pier foundations are used in conventional construction;
they are not just a means of elevating a flood-prone
home. In conventional use, they are designed primarily
for vertical loading—to hold the weight of the home.
They are not normally designed to resist large horizontal
forces, such as those associated with moving floodwa-
ters, waves, impacts from floodborne debris, wind, and
earthquakes. As a result, pier foundations are generally
used where the risks of wave action and high-velocity
flow are low to moderate and the potential for earth-
quakes is low.

If you decide to elevate your home on a pier foundation, e Reinforced
you should expect your contractor to reinforce the piers TG
and footings with steel reinforcing bars and to connect
the piers to the footings so they will not separate under
flood or other forces. Adequate connections between the
piers and the home are also necessary so that the home Figure 3-8. Home elevated on reinforced concrete piers.
and foundation will resist lateral loads from floods,

winds, and earthquakes, and uplift from buoyancy.
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Posts. Posts are usually made of wood or steel (Figure
3-9).They are generally square but may also be round.
Posts are set in holes, and their ends are encased in con-
crete, or supported on concrete pads (as in the figure).
After posts are set, the holes are filled with concrete, dirt,
gravel, or crushed stone.

Posts can be connected to each other with bracing made
of wood, steel rods, or guy wires. The type is usually de-
termined by cost, flood conditions, expected loads, the
availability of materials, and local construction practice.
Like piers, posts are generally used where the risks of
wave action and high-velocity flow are low to moderate.

One primary difference between piers, and posts is the
dimension of the element — piers are larger in cross sec-
tion because they usually are CMU (concrete masonry
unit) or concrete block and are usually shorter than
posts. Posts are braced together because they are usu-

S

Lateral
bracing

Wood posts/
columns

Concrete pad

ally taller and more slender with less stability than piers.

Figure 3-9. Home elevated on posts

Piles. Piles are usually made of wood, but fiber-reinforced poly-
mer, steel, or precast concrete piles are also common in some
areas (Figure 3-10). Piles are similar to posts but, instead of be-
ing set in holes, they are driven into the ground or jetted in with
streams of water. Also, piles are embedded deeper in the ground
than either piers or posts. As a result, pile foundations are less
susceptible to the effects of high-velocity flow, waves, debris
impact, erosion, and scour than the other types of open founda-
tions. Piles differ from piers and posts also in that they do not
rest on footings. Instead they are driven until they rest on a solid
support layer, such as bedrock, or until they are embedded deep
enough that the friction between the ground and the piles will
enable them to resist the loads that are expected to act on them.

Because driving and jetting piles requires bulky, heavy construc-
tion machinery, an existing home must normally be moved off
its existing foundation and set on cribbing until the operation
is complete. As a result, elevating a home by placing it on a pile
foundation will usually require more space and cost more than

@\j DEFINITION

Concrete materials such as posts,
beams, and blocks that are brought to
the construction site in finished form
are referred to as precast.

Jetting is a process in which the hole
for the installation of a pile is made by
a high-pressure stream of water from
a nozzle attached to the bottom of the
pile.

Cribbing usually consists of a frame-
work of crisscrossed timbers that
provides temporary structural support.

elevating with another type of foundation. Pile foundations are used primarily in areas where other elevation
methods are not feasible, such as where floodwaters are deep and the risks of wave action and high-velocity flow
are great. For example, pile foundations are used extensively in oceanfront areas exposed to high-velocity flow,

waves, and high winds (Figure 3-11).
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Lateral
bracing

Figure 3-10. Home elevated on piles.

Figure 3-11. Example of
well-elevated and embedded
pile foundation tested by
Hurricane Katrina. Note
adjacent building failures
(Dauphin Island, AL, 2005).

”””Hll i
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Methods #3 and #4: Elevating by Extending the Walls of the Home or Moving the Living Space to
an Upper Floor

For masonry homes on slab-on-grade foundations, two alterna-
tive elevation methods are available. One is to remove the roof,
extend the walls of the home upward, replace the roof, and
build a new, raised floor at the DFE (Figure 3-12). This tech-

CROSS REFERENCE

nique works best where the floor needs to be raised less than As discussed in Section 2.6, the cost
4 feet to reach the DFE. The floor can be either a new slab or a of elevating a Substantially Damaged
new wood-framed floor. For a new slab, fill dirt is placed on top home may be eligible for a flood insur-
of the old slab and the new slab is built on top. If a new wood- ance claim under ICC coverage.

framed floor is built, the space between it and the old slab is left
open and becomes a crawlspace (and must be retrofitted with
openings to allow floodwaters in the crawlspace).

Figure 3-12. The owner of
this flood-prone home in
south Florida decided to build
a new wood-framed second
story on top of the masonry
first story. The new second
story is well above the BFE.

The second technique is to abandon the entire lower floor, or lower enclosed area, of the home and move the
living space to an existing or newly constructed upper story. This technique works best for multi-story homes
where the DFE is more than 4 feet above the level of the lower floor. The abandoned lower floor or enclosed area
is then used only for parking, building access, or storage.

These techniques, like the others, have their limitations. The portions of the home below the DFE will be exposed
to flooding and must, therefore, be made of flood damage-resistant materials. That is why this method is appli-
cable to masonry homes rather than frame homes, which would be much more easily damaged by flooding. The
area below the DFE cannot be used for living space; it may be used only for parking, building access, or storage. In
addition, all appliances and utilities must be moved to the upper floor. Also, openings must be cut into the walls
of the lower floor to allow water to enter during flooding so that the hydrostatic pressure on the walls will be
equalized. In essence, the lower floor is wet floodproofed (see Section 3.4.1).

Adding a new second story to a single-story home may require that the foundation be strengthened so that it can
support the additional load. You must consult an engineer if you plan to use this method. The second story can be
frame or masonry (to match the lower floor). The method you choose will depend on the advice of your engineer,
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cost, appearance, the availability of materials and experienced contractors, and the risks of other natural hazards
such as hurricanes and earthquakes.

Table 3-1 presents the advantages and disadvantages of elevation.

The relative costs shown in Table 3-2 are for elevating frame, masonry veneer, and masonry homes of various
foundation types. The costs for extending utilities and adding or extending staircases are included. The costs
shown for elevating frame, masonry veneer, and masonry homes on existing slab-on-grade foundations are based
on the assumption that the home is raised with the existing slab attached.

Table 3-1. Advantages and Disadvantages of Elevation

Advantages ‘ Disadvantages

* Brings a Substantially Damaged or Improved building .
into compliance with the NFIP if the lowest horizontal
structural member of the lowest floor is elevated to the
BFE

May be cost-prohibitive
* May adversely affect the structure’s appearance

e May adversely affect access to the structure

¢ Reduces flood risk to the structure and its contents . . . .
e Cannot be used in areas with high-velocity water flow,

fast-moving ice or debris flow, or erosion, unless spe-
cial measures are taken

¢ Eliminates the need to relocate vulnerable items
above the flood level during flooding

May require additional costs to bring the structure up
to current building codes for plumbing, electrical, and

» Often reduces flood insurance premiums °

¢ Uses established techniques

¢ Can be initiated quickly because qualified contractors
are often readily available (unless project is imple-

energy systems

Requires consideration of forces from wind and seis-
mic hazards and possible changes to building design

mented immediately after a disaster)

¢ Reduces the physical, financial, and emotional strains
that accompany flood events

* Does not require the additional land that may be
needed for floodwalls or levees

NFIP = National Flood Insurance Program; BFE = base flood elevation
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Table 3-2. Relative Costs of Elevating a Home

Construction Type Existing Foundation Retrofit Relative Cost

Elevate on continuous foundation walls or
Frame . Lowest
open foundation

Basement, crawlspace, Elevate on continuous foundation walls or

Frame with masonry veneer . .
y or open foundation open foundation

Extend existing walls and create new

Rell gl e elevated living area

Elevate on continuous foundation walls or

Fram i
ame open foundation
. Elevate on continuous foundation walls or
Frame with masonry veneer | Slab-on-grade .
open foundation v

Elevate on continuous foundation walls or

Highest
open foundation g

Load bearing masonry

Occasionally, slab-on-grade homes are raised without the slab. -
Although this method can be less expensive than raising the
home with the slab, it involves detaching the home from the jJV
slab and requires extensive alterations to interior and exterior
walls.

DEFINITION

The footprint of a house is the land
area it covers (see figure). This area
is equal to the length of the house
multiplied by its width. Note that the
footprint is not necessarily equal to
the total square footage of the house.

The cost of abandoning an existing lower level will depend on
whether the home already has an upper level that can be used
for living space. If an upper level is available, abandoning the
lower floor would involve primarily elevating or relocating util-
ities, adding openings in the lower-level walls, and ensuring
that all construction materials below the BFE are flood damage
resistant. This method is well-suited to a home with a walkout-

on-grade basement, which can be wet floodproofed and used ‘
for parking, building access, or storage. The cost of adding a /\
new frame upper level and raising the roof to accommodate the

o~

new level would vary, depending upon the amount of interior w
finishing and other factors. y

Footprint=L xW

3.3.2 Relocation and Demolition

Relocation is the retrofitting measure that can offer the greatest security from future flooding. It involves mov-
ing an entire structure to another location, usually outside the floodplain. Relocation as a retrofitting measure not
only relieves anxiety about future flooding, but also offers the opportunity to reduce future flood insurance pre-
miums. Demolition is tearing down a damaged home. A new compliant home can be rebuilt on site, rebuilt on
another property, or the owner can simply move in to another structure elsewhere. These retrofitting methods are
discussed below.
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Relocation

Moving your home to high ground, outside the flood hazard area, is the most effective of the ret-
t.‘;) rofitting methods described in this guide. Retrofitting literature commonly refers to this method as
™ relocation. Chapter 6 presents more detailed information on relocation. When there is enough space
and the ground is high enough, you may even be able to move your home to another location on the
same piece of property.

Relocating a home involves detaching it from the foundation, raising it with jacks, and placing it on a wheeled
vehicle that delivers it to the new site. The original foundation is demolished and a new foundation is built at the
new site. The home is installed on the new foundation and all utility lines are connected. Relocation is particularly
appropriate in areas where the flood hazard is severe, such as where flood conditions are characterized by one or
more of the following:

B Deep water

B Rapid rates of rise and fall
B Short warning time

B Wave action

B High-velocity flow

B High debris potential

B Long duration

B Erosion

Relocation is also appropriate for homeowners who want to be free of worries about damage from future floods
that may exceed a selected flood protection elevation.

Although similar to elevation, relocation requires additional steps that usually make it more expensive. These in-
clude moving the home, buying and preparing a new site (including building the new foundation and providing
the necessary utilities), and restoring the old site (including demolishing the old foundation and capping and
abandoning old utility lines).

Homes of all sizes and types can be relocated, either as a unit or in segments. One-story frame homes are usually
the easiest to move, particularly if they are built on a crawlspace or basement foundation that provides easy access
to the floor framing. Masonry homes can also be moved, but usually with more difficulty and at a higher cost.

Professional home movers can advise you about the things you need to consider when deciding whether to re-
locate. The structural integrity of your home will have to be checked. Also, you may need to find a place where
you can store furniture and other belongings temporarily. However, in most instances, the contents of your home
may remain in the home while it is being moved. Keep in mind that there must be a clear route to the new site.
Narrow roads, restrictive overpasses, and bridges with low weight limits may make it impossible for your home
to be moved to the new site. Also, many States and communities have requirements that govern the transport of
homes and other buildings on public rights-of-way. For information about structural movers in your area, visit
http://www.iasm.org. Table 3-3 presents the advantages and disadvantages of relocation.
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Table 3-3. Advantages and Disadvantages of Relocation

Advantages ‘ Disadvantages

¢ Allows Substantially Damaged or Improved structure e May be cost-prohibitive

to be brought into compliance with the NFIP
* Requires locating a new site

 Significantly reduces flood risk to the structure and its
contents * Requires addressing disposition of the flood-prone

site

¢ Uses established techniques

* May require additional costs to bring the structure up

e Can be initiated quickly because qualified contractors to current building codes for plumbing, electrical, and
are often readily available (unless project is imple- energy systems

mented immediately after a disaster)
* May take a long time, depending on time required to

e Can eliminate the need to purchase flood insurance or find desired property, purchase it, and develop it with
reduce the premium because the home is no longer in desired utilities

the floodplain
e May be cost-prohibitive to relocate, as well as to de-

¢ Reduces the physical, financial, and emotional strains velop the site with desired utilities (water, sewage,
that accompany flood events electrical, natural gas, cable, telephone etc.)

NFIP = National Flood Insurance Program

WARNING
Table 3-4 shows the relative costs of relocating homes of differ-
ent construction and foundation types. In addition to moving The relative relocation costs shown
and construction costs, it is important to account for the addi- here are based on a small home.
tional relocation project costs of any new property that must be Because relocation costs do not in-
purchased. crease proportionally with the size of
a home, the cost per square foot of
moving a larger home may be less
than that shown here.

Table 3-4. Relative Costs of Relocation

Construction Type Existing Foundation Retrofit Relative Cost
Frame Lowest
Frame with masonry veneer Crawlsp_ace, oropen
foundation

Load bearing masonry
= Relocate existing home and install the

rame home on a new foundation at the new
Frame with masonry veneer | Basement site, hook up utilities, and restore the old
Load bearing masonry site
Frame "r
Frame with masonry veneer | Slab-on-grade
Load bearing masonry Highest
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Demolition

Demolition is tearing down a damaged home. A new compliant home can be rebuilt on site, rebuilt
S -1 on another property, or the owner can simply move in to another structure elsewhere. This retrofitting
v) method may be the most practical of all those described in this guide when a home has sustained ex-
tensive damage, especially severe structural damage. Chapter 6 presents more detailed information on
demolition.

Whether you intend to rebuild or move, you must tear down

your damaged home and then restore the site. Site restoration (§ =

usually involves filling in a basement, grading, and landscap- \J

ing. As a result, you will need the services of a demolition - CROSS REFERENCE
contractor. The contractor will disconnect and cap all utility As discussed in Section 2.6, the
lines at the site and then raze the home with a bulldozer or cost of demolishing a Substantially
other heavy equipment. If you decide to rebuild on the old Damaged home may be an eligi-
site or somewhere else on the same property, your construc- ble flood insurance claim under ICC
tion contractor may be able to do the demolition and site SO

restoration work as part of the home construction.

Remember, all demolition, construction, and site restoration work must be done according to the regulatory re-
quirements of your community. Permits may be required for all or part of this work. If you decide to rebuild on
the site of your old home, you must rebuild in compliance with your community’s floodplain management or-
dinance or law and other ordinances and codes, which means ensuring that the lowest floor of your new home
is at or above the DFE. You can do this by elevating your new home on an extended foundation as described in
Section 3.3.1 or on compacted fill dirt if your property is located in Zone A. If your property is located in Zone V
area, you must elevate your home on piles or columns. A better approach is to build your home on an alternative
building site outside the regulatory floodplain, where you can use standard construction practices, including the
construction of a basement. Remember, if you rebuild on the same site, within the regulatory floodplain, your
community’s floodplain management ordinance, regulation, or provisions of the building code will not allow
your new home to have a basement (as defined by the NFIP regulations) if it is located below the DFE. Figure 3-13
shows a home damaged by Hurricane Irene that is slated for demolition.

g

Figure 3 13. Many homes in
the Town of Prattsville, NY,
were slated for demolition
during the recovery effort
following Hurricane Irene.
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The advantages and disadvantages of demolition vary depend-

ing on which of the following three options you choose: c=h
1. Rebuilding on the existing site CROSS REFERENCE
2. Rebuilding on an alternative site on a different part of See Section 7.1.7 for a discussion of
your property, which may be outside the regulatory flood damage-resistant materials.

floodplain

3. Moving to a home on another property, which may be
outside the regulatory floodplain

The advantages and disadvantages of option 1 are similar to those listed in Table 3-1 for the elevation method.
The advantages and disadvantages of options 2 and 3 are the same as those listed in Table 3-3 for the relocation
method, with the following exceptions: If you choose option 2, you will avoid the need to buy another lot and
dispose of your existing property.

If you decide to demolish your damaged home and rebuild somewhere on your existing property (option 1 or
2 above), your costs will include tearing down the damaged home, building the new home to the community’s
specified elevation, reconnecting utility lines, and restoring the site around the new home. If you decide to move
to a home outside the regulatory floodplain (option 3), your costs will include tearing down the damaged home,
buying or building a home elsewhere, capping and abandoning the old utility lines, and restoring the old site.

The cost of tearing a home down, which is not a complex or difficult job, will be almost entirely for the disposal
of the resulting debris. This cost can vary widely, depending on the amount of debris and whether a dumping fee
is required at the disposal site. The major costs associated with the demolition method will be for building or buy-
ing a home and will, therefore, depend on how and where you build or on the type of home you buy. Be sure to
get a complete cost estimate before you begin a demolition project. Table 3-5 shows approximate costs for tearing
down your home and rebuilding on the same site.

Table 3-5. Relative Costs of Demolition and Rebuilding

Construction Type Proposed Foundation Type Relative Cost
Closed Foundation Lowest

Frame -
Open Foundation

Closed Foundation

Frame with Masonry Veneer -
Open Foundation

Closed Foundation

Load bearing masonry

Open Foundation Highest
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3.4 Floodproofing

Wet floodproofing allows floodwaters to enter your home while using various techniques to minimize flood dam-
age and protect critical systems and contents. Wet floodproofing techniques include raising utilities and important
contents to or above the flood protection level, installing and configuring electrical and mechanical systems to
minimize disruptions and facilitate repairs, installing flood openings or other methods to equalize the hydrostatic

pressure exerted by floodwaters, and installing pumps to gradually remove floodwater from basement areas after
the flood.

The purpose of dry floodproofing your home is to make it watertight (substantially impermeable) to floods of
limited duration (a few hours) and depth (typically less than 2-3 feet). Dry floodproofing reduces the potential
for flood damage by reducing the probability that your home’s interior will be inundated. It can be an appropriate
alternative for flood mitigation when relocating or elevating buildings is not cost effective or technically feasible.

3.4.1 Wet Floodproofing

Wet floodproofing a home is modifying the uninhabited portions of the home (such as a crawlspace,
& = basement, or other enclosure) so that floodwaters will enter but not cause significant damage to ei-
"‘M:'”j ther the home or its contents. The purpose of allowing water into portions of the home is to ensure

that the interior and exterior hydrostatic pressures will be equal. Allowing these pressures to equalize
greatly reduces the likelihood of wall failures and structural damage. Wet floodproofing may be used when other
retrofitting methods are either too costly or are not feasible. If you intend to wet floodproof your basement, a
licensed engineer or design professional is needed to determine the structural integrity of the walls. Wet flood-
proofing is practical in only a limited number of situations. Chapter 7 presents more detailed information on wet
floodproofing.

Because wet floodproofing allows floodwaters to enter the WARNING
home, all construction and finishing materials below the DFE
should be resistant to flood damage. For this reason, wet flood-
proofing is practical only for portions of a home that are not
used for living space, such as a basement as defined by the NFIP
regulations, an enclosure such as a walkout-on-grade basement
or a crawlspace, or an attached garage. Figure 3-14 illustrates a
home with a wet floodproofed subgrade basement. Wet flood-
proofing this home protects it from hydrostatic pressure, but
not hydrodynamic pressure and floodborne debris. To minimize
damages, service equipment must be elevated above the flood
level and the walls of the basement must be built with flood
damage-resistant materials.

Wet floodproofing mitigation methods
can lead to NFIP compliance only if
the area is limited to parking, access,
or storage; designed to allow for au-
tomatic entry and exit of flood waters;
and uses only flood damage-resis-
tant materials below the DFE. If your
home is being Substantially Improved
or has been Substantially Damaged,
your community’s floodplain man-
agement ordinance or law will restrict
your use of wet floodproofing to at-
tached garages and enclosed areas
below the BFE that are used solely for
parking, building access, or storage.
For more information, consult your
local officials. Note that basements
(any area of the building having its
floor subgrade on all sides) cannot
be wet floodproofed to meet NFIP
requirements.

Figure 3-15 illustrates a home in which the lower level was
modified to create an enclosure that is built with flood damage-
resistant materials, service equipment was elevated above the
flood level, and the lower level is used solely for parking, access,
and storage. As illustrated in Figure 3-15, openings must be
placed in the walls to relieve hydrostatic pressure. If the lowest
elevated floor is above the community’s DFE and the enclosure
is protected as described above, the home would meet the mini-
mum requirements of the NFIP
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Wet floodproofing would not be practical for most slab-on-grade homes in which the living space is at or very
near the ground level. Whether or not wet floodproofing is appropriate for your home will depend on the flood
conditions, the flood protection elevation you have selected, the design and construction of your home, and
whether you are required to bring your home into compliance because it is being Substantially Improved or has

been Substantially Damaged.

Figure 3-14. A home with a
wet floodproofed subgrade
basement. Note: Wet
floodproofing a hasement is
not permitted to achieve NFIP
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