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Credit(s) earned on completion of this course will be reported to
AlA CES for AIA members. Certificates of Completion for both AIA
members and non-AlA members are available upon request.

This course is registered with AIA CES for continuing professional
education. As such, it does not include content that may be
deemed or construed to be an approval or endorsement by the AIA
of any material of construction or any method or manner of
handling, using, distributing, or dealing in any material or product.

Questions related to specific materials, methods, and services will be addressed at the
conclusion of this presentation.
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Course
Description

Severe flooding can endanger life, but even moderate levels of flooding can lead to
extensive damages and disruption of building operations. Water source contamination
and inhibited access are significant problems, coupled with damages to structures and
interior contents. Contaminated water can destroy electrical infrastructure, mechanical
systems, etc. Business interruption can last from a few days to over a year. Due to
climate change and revisions to FEMA flood maps in 2016, many buildings not previously
categorized as being at risk are now categorized as subject to flooding. As a result,
insurers are informing their clients of the potential risks and associated increases in flood
insurance coverage, if flood mitigation procedures are not enacted. This presentation will
discuss how to identify areas of facilities vulnerable to flooding, and the options and
systems available to protect properties from potentially catastrophic damages to
structures, building contents and impacts on building operations. The speakers will focus
on addressing potential hazards at existing facilities. It is usually not as easy as building a
levee around the property. Oftentimes, a hybrid solution must be developed,
incorporating a variety of systems, including barriers, flood gates, deployable flood walls,
backflow devices, storage tanks and ejector pumps, upgraded stormwater systems, etc.
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Learning
Objectives

At the end of the this course, participants will be able to:

1. Identify areas of facilities vulnerable to flooding

Identify options available to mitigate flooding

3. Review process of flood mitigation design and
associated construction phasing.

4. Create a flood emergency response plan
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Weather Trends and Effects Upon
Sea Level Rise and Rainfall Amounts
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Boston’s bill for climate
change is coming due
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A man walks through a flooded sidewalk off Congress Street, where water was flowing over from Fort

Point Channel in the Seaport District on March 2.

OCTOBER 18, 2018




Ellicott City, Md., deluged by
flash flooding as heavy rain
soaks area

Maryland Gov. Larry Hogan has declared a state of emergency
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Rescue personnel walk along Main Street in Eficort City, Md., Sunday, May 27, 2018. Roaring flash floods struck the
Maryland city Sunday that had been wracked by simifor devastation two years ago, its main street turned into o raging
river ... more >

By - Associated Fress - Sunday, May 27, 2018




Miami Hevald

MIAMI BEACH

Before sea level rises, Miami Beach officials
want to raise West Avenue 1¥2 to 2 feet

BYJOEY FLECHAS
[flechas@MiamiHerald com

January 22, 2015 06:00 PM
Updated January 23, 2015 06:18 PM

In an area that has seen its fair share of roadwork during the past few years, city
officials want to raise West Avenue between 114 to 2 feet during the next few years

in an effort to prepare one of the lowest-lying points of Miami Beach for anticipated

sea level rise.
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NOAA National Centers for Environmental information, Climate at a Glance: Global Time Series, published January 2018, from http://www.ncdc.noaa.gov/cag/

Global Mean Temperature is Increasing



http://www.ncdc.noaa.gov/cag/
http://www.ncdc.noaa.gov/cag/
http://www.ncdc.noaa.gov/cag/

Change (%)
1] ] .

<0 0-9 10-19 20-29 30-39 40+ NCA3_Climate_Change_Impacts

Observed Change in Very Heavy Precipitation




Types of Flooding



0.2%
Moderate

Flood Exposure Hazard Level




Sheet Flow

® Localized Site Flooding

® Not Associated with a
FEMA Flood Zone




Rivers and

Streams

® Zone A/ AE

® 1% Base Flood Elevation
(100 year flood plain)
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Coastal

® Coastal Zone VE & A/AE
® Wave Action

® Zone A/AE
® Stillwater (1% BFE)

® Zone X
® Stillwater (0.2% BFE)
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Types of Flood
Damage:

® Hydrodynamic Forces

® Debris Impact
® Hydrostatic Forces
® Soaking

® Sediment and Contaminants

Negative Pressure
{Suction) on
Downstream Side

Drag Effect
on Sides




Understanding Floodplain Mapping



National Flood Insurance [F5 =

Program (NFIP)

® Created in 1968; changes under National
Flood Insurance Reform Act of 1994

® Based on a mutual agreement between
Federal Government and community

® Three basic parts
® Mapping
® Insurance

® Regulations
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LEGEND

SPECIAL FLOOD HAZARD AREAS SUBIECT TO INU
BY THE 1% ANNUAL CHANCE FLOOD

The 1% annual flood {100-year flood), also known as the base flood, is the flood that has a 1%
chance of being equaled or exceeded in any given year. The Special Flood Hazard Area is the
area subject to flooding by the 1% annual chance flood. Areas of Special Flood Hazard include
Zones A, AE, AH, AD, AR, A99, V, and VE. The Base Flood Elevation is the water-surface
elevation of the 1% annual chance flood.

ZONF A N RBace Fland Flevatinne determinead
ZONE AE Base Flood Elevations determined.

ZONE AH Flood depths of 1 to 3 feet (usually areas of ponding); Base Flood
Elevations determined.

ZONE AO Flood depths of 1 to 3 feet (usually sheet flow on sloping terrain); average

depths determined. For areas of alluvial fan flooding, wvelocities also
determined.
Special Flood Hazard Area formerly protected from the 1% annual chance
flood by a flood control system that was subsequently decertified. Zone AR
indicates that the former flood control system is being restored to provide
protection from the 1% annual chance or greater flood.

ZONE A9 Area to be protected from 1% annual chance flood by a Federal flood

protection system under construction; no Base Flood Elevations
determined.

ZONE V Coastal flood zone with velocity hazard (wave action); no Base Flood
Elevations determined.

ZONE VE Coastal flood zone with velocity hazard (wave action); Base Flood
Elevations determined.

FLOODWAY AREAS IN ZONE AH

The floodway is the channel of a stream plus any adjacent floodplain areas that must be kept free
of encroachment so that the 1% annual chance flood can be carried without substantial increases
in flood heights.

OTHER FLOOD AREAS

Areas of 0.2% annual chance flood; areas of 1% annual chance flood witl

average depths of less than 1 foot or with drainage areas less thar

1 square mile; and areas protected by levees from 1% annual chance flood
OTHER. AREAS

Areas determined to be outside the 0.2% annual chance floodplain.

Areas in which flood hazards are undetermined, but possible.

COASTAL BARRIER RESOURCES SYSTEM (CBRS) AREAS

OTHERWISE PROTECTED AREAS (OPAs)

CBRS areas and OPAs are normally located within or adjacent to Special Flood Hazard Areas.



ASCE 24 - Flood Resistant Design &

Construction
Flood Resistant

Design and
% Minimum design and construction of structures in Construction
flood hazard areas (new construction, substantial
Improvements, historic structure exceptions)

This document uses both the
Intornational Sywiem of Units (81}

® Meets or Exceeds NFIP regulations

® Requirements are functions of Flood Hazard Areas
(Zone A, V, other high risk) and Structure
Classification

FEMA Technical Bulletins

FEMA P936 — Floodproofing Non-Residential
Buildings

: ings in Foundatic
Regulations (44 CFR Parts 59 and 60) %ﬂﬁ;ﬁfg @alﬂ%} 2

Enclosur
International Building Codes (I-Codes) ikt

National Flood Insurance Program (NFIP)

Floodproofing
Non-Residential Buildings

FEMA P-936 / July 2013

€) rema

Flood Damage - Resistant
Materials Requirements




Nature of Occupancy
Buildings and other structures that present a low hazard to human
life in the event of failure (e.g., agricultural facilities, certain
temporary facilities, minor storage facilities)

All buildings and other structures except those listed in Categories
, 11, and IV (e.g., most residential buildings)

Buildings and other structures that present a substantial hazard to
human life in the event of failure (e.g., schools, theaters, jails)

Buildings and other structures designated as essential facilities
(e.g., hospitals, fire stations, police stations, emergency operations
centers, power generating stations and other public utility facilities
required in an emergency)




See next page for description of Flood Design Clazses =

Minimum Elevation® of
Lowest Floor

(Zone A: ASCE 2414
Table 2-1)

Jone A not identified
as Coastal A Zone

BFE +1 ft or
DFE,
whichever iz
higher

BFE +1 ft or
DFE,
whichever iz
higher

BFE +2 ft or DFE, or
S00-year flood elevation,
whichever is higher

Minimum Elevation of
Bottom of Lowest
Horizontal Structural
Member

(Zone V. ASCE 24-14

Table 4-1)

Coastal High Hazard
Areas (Zone V) and
Coastal & Zone

BFE +1ftor

DFE,
whichever is

higher

BFE +2 ft or

OFE,
whichever is

higher

BFE +2 ft or DFE, or

200-year flood elevation,
whichever is higher

Minimum Elevation
Below Which Flood-
Damage-Resistant
Materials Shall be Used

(Table ASCE 24-14 5-1)

Jone A not identified
as Coastal A Zone

BFE +1ftor

DFE,
whichever is

higher

BFE +1 ft or

DFE,
whichever is

higher

BFE +2 ft or DFE, or
S00-year flood elevation,
whichever is higher

Coastal High Hazard
Areas (Zone V) and
Coastal A Zone

BFE +1 ft or
DFE,
whichever is
higher

BFE +2 ft or
DFE,
whichever is
higher

BFE +2 ft or DFE, or
S00-year flood elevation,
whichever is higher




Dry Flood Proofing:

A combination of measures that results in a structure, including
the attendant utilities and equipment, being watertight with all
elements substantially impermeable to the entrance of floodwater
and with structural components having the capacity to resist flood
loads.

® Building strength/building locations
® Warning time

® Flood characteristics

® Level of protection

® Seepage considerations

® Utilities

Automatic [ Passive



Lowest floor elevation Openings allow floodwaters
at or above DFE To enter garage

Wet Flood Proofing: prached arage ——_
The use of flood-damage-resistant materials and .'
construction techniques to minimize flood
damage to areas below the flood protection
level of a structure, which is intentionally
allowed to flood.

® Building strength Py Flood damage-resistant

materials below

® Warning time
Openings allow floodwaters
to enter enclosed area
below floor (such as a

® Flood-damage-resistant-materials basement or crawlspace)

Foundation wall —%

® Utilities

J
Lowest floor -~
at or above DFE




Building Code
Consultant

Enclosure/
Waterproofing
Expertise




Flood Risk...



2017: 3 Hurricanes, 26 Days, 2500 loss locations,
$75-$145 billion loss estimated industry wide



Hurricane Harvey was a Flood Event




FIRE LOSSES

WEAK PRACTICES US$3,200,000

UISkypZ%0e]0] STRONG PRACTICES

NATURAL CATASTROPHE LOSSES

WEAK PRACTICES US$3,400,000

UREY.wisHololo] STRONG PRACTICES

© 2014 FM Glohal. All rights reserved.

The Value of Risk Improvement
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Flood losses experienced by FM Global §

clients who met our guidelines cost _—
almost 5X €SS than those that ‘I 1
did not _——

Hurricane Harvey
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FM Global clients completed physical r N

improvements and reduced their
overall ioss exposure = ul

by $820 million/$23 million anl
average

Hurricane Harvey




Flood Hazard
Mitigation:
® Resiliency Goals

® Identifying areas of facilities
vulnerable to flooding

® Develop flood emergency response
plan (FERP)

® Identify options available to
mitigate flooding

® ANSI/FM 2510 Approved Products
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FERP - Simple Steps During Normal
Working Hours to Mitigate Loss

- J
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Match the Right Solution to the Scenario

(Warning and Installation Time)




If you are flood exposed, what can you do?

Besides moving out of the flood zone!

Relocate stock, particularly Relocate equipment, such  Relocate vehicles that Relocate critical
high-value items or those as portable electronic equip-  will be needed after the drawings, records, files
critical to continued ment, computers, testingand  flood, such as plant trucks,

operation quality-control devices, dies forklifts, tractor-trailers, etc.

and patterns, etc
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Flood Barrier Examples



Protect Openings

LU L
J4

TR R R RRALLLL

Check all water entry points:

® Front door

® Side door

® Loading dock door
® Windows

®Vents

® Pipe penetrations
® Underground pipes




Protect individual pieces of equipment or portions
of the building









Flood Mitigation Products — Perimeter
Barriers



Permanent Flood Protection Barriers



fiinm

All Barriers Should Meet ANSI/FM 2510 Standards



Perimeter flood panel system



Flood Protection for Subway Vents — Queens, NY



Flood Mitigation Products —
Opening Barriers



Automatic Pop-Up
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One Client’s Story: Flooded
in May 2015 and April 2016

® Office tower

® Outside the 500-year zone
® Four feet of water in garage

® Building utilities located in
garage
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The Result



Case Study — River / Stream
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Case Study: Lexington, MA






SEE FIS REPORT FOR DETAILED LEGEND AND INDEX MAP FOR FIRM PANEL LAYOUT

Without Base Flood Elevation (BFE)
Zone A, V, A99

SPECIAL FLOOD With BFE or Depth zone AE, A0, AH, VE, AR
HAZARD AREAS Regulatory Floodway

Annual Chance Flood Hazard, Areas
of 1% annual chance flood with average
depth less than one foot or with drainage
areas of less than one square mile Zone X

\\‘ Future Conditions 1% Annual
Chance Flood Hazard Zone x
Area with Reduced Flood Risk due to

OTHER AREAS OF Levee. See Notes. Zone X
FLOOD HAZARD Area with Flood Risk due to Levee Zone D

no screen| Area of Minimal Flood Hazard Zzone x

[ Effective LOMRs

OTHER AREAS Area of Undetermined Flood Hazard Zone D

GENERAL | === == Channel, Culvert, or Storm Sewer
STRUCTURES 1101141 Levee, Dike, or Floodwall

202 (ross Sections with 1% Annual Chance
—17-5 Water Surface Elevation
— — — Coastal Transect
e swee. Base Flood Elevation Line (BFE)
= Limit of Study
Jurisdiction Boundary
=== === Coastal Transect Baseline
OTHER |m e Profile Baseline
FEATURES Hydrographic Feature

e Site within AE Zone and Regulatory Floodway
 Base Flood Elevation (BFE) is 118.50



e Base Flood Elevation (BFE) is 118.50
e Surveyed first floor found to be at 118.00
e Building is 6” below BFE
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Electrical/Mechanical Equipment Located on First Floor



Proposed Building Use: Office, Laboratory Space,
and Cleanrooms

Flood Mitigation Options:
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Option 1 - Flood panel perimeter system







Option 2 — permanent perimeter system with sm

Dpenings
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Option 2 — permanent perimeter system with



Case Study: Atlantic Avenue, Boston, MA






FEMA Flood Map / AE Zone, BFE Elev. 10



First Floor / Garage, ELEV=10.2’ BFE=10’
First Floor 2” above BFE
Basement 9 %2’ below BFE
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Lower Level Basement Access

Open Grated for Boiler Ventilation




Louver Penetrations




View from Sidewalk, Concrete Grade Beam



Continuous and Approved Flood Barrier



Main Entrance — Unprotected



Flood Barrier at Entrance, Garage and
Basement Access




Changing How We Think



What Does It Take to Make “Futuristic” Ideas the
Norm?
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What Does It Take to Make “Futuristic” Ideas the
Norm?




CELEBRATING 50 YEARS

L GALE

Key Takeaways

® Storms Have Increased in Severity and Frequency
® Even if You’re Not in Flood Zone, You May Still Be Flood Exposed

® If You Are Exposed, There Are Things You Can Do to Minimize Risk

www.galeassociates.com www.fmglobal.com
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