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Webinar Schedules

Webinar A: Introduction, Floodplains, Riverine Flood

Events, Non-Stationarity (Chapters 1-4)
January 25, 2017, 10 am to 12 pm (Eastern Std Time)
https://connectdot.connectsolutions.com/hecl7rollouta/

Webinar B: Climate Modeling and Risk and Resilience

(Chapters 5 & 6)
February 8, 2017, 10 am to 12 pm (Eastern Std Time)
https://connectdot.connectsolutions.com/hecl7rolloutb/

Webinar C: Analysis Framework and Case Studies

(Chapters 7 & 8)
February 22, 2017, 10 am to 12 pm (Eastern Std Time)
https://connectdot.connectsolutions.com/hecl7rolloutc/



https://connectdot.connectsolutions.com/hec17rollouta/
https://connectdot.connectsolutions.com/hec17rolloutb/
https://connectdot.connectsolutions.com/hec17rolloutc/

People Presenting

Joe Krolak Cynthia Nurmi
FHWA HQ FHWA Resource Center
Principal Hydraulic Engineer Hydraulic Engineer

Rob Kafalenos
FHWA HQ :: Environmental
Protection Specialist

Rob Hyman
FHWA HQ :: Environmental
Protection Specialist

Brian Beucler
FHWA HQ
Senior Hydraulic Engineer
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Chapter

-

Introduction

HEC-17 — Why’s, What’s, How’s, & Who’s



Caveats to Consider

Bismarck was totally
correct about Sausages
and Laws ...




Knowledge to Know

»» What the Heck is a HEC?

< HEC = Hydraulic Engineering Circular
< Published by Bureau Public Roads / FHWA

< Began to publish HECs in 1960

( mgh«- Q,‘ ——— eﬁ o e ) »‘“—”

..........

<+ HDS = Hydraulic Design Series



Why HEC-17?

Publication No. FHWA-HIF-18-018
June 2016

U.S. Department of Hydraulic Engineering Circular No. 17, 2™ Edition
Transportation

Federal Highway

Administration

Highways in the River Environment-
Floodplains, Extreme Events, Risk,
and Resilience

Intent

% Provide
< Best currently available science,
technology and information
< National consistency and relevance
to our highway programs

s Focus Areas
< Floodplains
< Extreme Events
% Risk
% Resilience
% Assist
< Our transportation partners
< FHWA
% Other agencies



Why the River Environment?

614,387 Bridges
509,358 over water - &
, ~ 485,000 in River Environment \ -4

Source: 2016 NBI

Missing: nationally applicable riverine information on focus areas



Why Change?

A Federal Design Standard
Designs for all [Interstate] culverts and
bridges over streams shall ... accommodate
floods at least as great as that for a 50-year
frequency or the greatest flood of record,
whichever is the greater, with the runoff
based on the land development expected in
the watershed 20 years hence ....”

Policy and Procedure Memorandum 20-4
Bureau of Public Roads

August 10,1956



What’s Change?

Make it
resilient!




What Do We Know?

What Don’t We Know?



What’s Covered?

Webinar A l [ Webinar B l [ Webinar C

Chapter 1: Chapter 5: Chapter 7:
Introduction Climate Modeling Analysis Framework

v \ v "

N [ Y

Chapter 2: Chapter 6: Chapter 8:
Floodplains and Federal Policies Risk and Resilience Case Studies

for Development - J
J

~

Chapter 3:
Riverine Flood Events

Chapter 4:
Nonstationarity and Climate
Change




Who's Involved?
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What other Resources?

Publication No. FHWA-NHL02-001
October 2002

U.S. Department of Transportation

Fodoral Highway
Administration

Hydraulic Design Series No. 2, Second Edition

Highway Hydrology

Natonal Highway Insttute

) Publication No. FHWA-NHK-07-096
© June 2008
U.S, Department Hydraulic Engineering Circular No. 25
of Transportation
Federal Highway
Administration

Highways in the
Coastal Environment

Second Edition

www.fhwa.dot.gov/engineering/hydraulics

www.fhwa.dot.gov/environment/sustainability

Publication No. FHWA-NHI-14-006
October 2014

U.S. Department of Hydraulic Engineering Circular No. 25 - Volume 2
Transportation

Federal Highway

Administration

Highways in the Coastal Environment:
Assessing Extreme Events



http://www.fhwa.dot.gov/engineering/hydraulics
https://www.fhwa.dot.gov/environment/sustainability/

Questions?

HEC 17: Highways in the River Environment - Floodplains, Extreme Events, Risk and Resilience - Webinar A — 25 Jan 2017
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Chapter

O

Floodplains & Federal Policies for Development



Historical :: Floods & Highways

% U.S. highways affected by
floods & flood risks even
before the 1915 creation of
the Bureau of Public Roads.

% From 1900 to 1937 floods
caused roughly 9,000
highway bridges failures

% Floods occurring between
December 1935 and April
1936 resulted in loss of 911

highway bridges.
%+ No Private Flood Insurance

s Government Paid For
Repairs




1966 :: Beginning of Federal Action

A Unified National Program
for Managing Flood Losses

86th Congress, 2d Session - - - - -  House Document No, 465

A UNIFIED NATIONAL PROGRAM
FOR MANAGING FLOOD LOSSES

COMMUNICATION

FROM

THE PRESIDENT OF THE UNITED STATES

A REPORT BY THE TASK FORCE ON FEDERAL FLOOD
CONTROL POLICY

AUGUST 10, 1966.—Referred to the Committee on Public Works, and
ordered to be printed with illustrations

T PRINTING OFFICE

U.S. GOVERNM
612 WASHINGTON : 1965

Executive Order 11296

Presidential Documents

Title 3—THE PRESIDENT

Executive Order 11296
EVALUATION OF FLOOD HAZARD IN LOCATING FEDERALLY OWNED
R FINANCED BUILDINGS, ROADS, AND OTHER FACILITIES, AND IN

DISPOSING OF FEDERAL LANDS AND PROPERTIES

WHEREAS uneconomic uses of the Nation's flood plains ave oe-
curring and potential flood losses are increasing despite substantial
efforts to control floods; and

WHEREAS national and regional studies of areas and property
subject to flooding indicate a further increase in flood damage po-
tential and flood losses, even with continuing investment in flood
protection structures; an:

WHEREAS the Federal Government has extensive and continuing
programs for the construction of buildings, roads, and other facilities
and annually disposes of thousands of acres of Federal lands in flood

hazard areas, all of which- activities significantly influence patterns
of i idential, and i d and

WHEREAS the availability of Federal loans and mortgage insur-
ance and land use planning programs are determining factors in the
utilization of lands:

NOW, THEREFORE, by virtue of the authority vested in me as

President of the United States, it is hereby ordered as follows

Seorron 1. The heads of the executive agencies shall provide leader-
ship in encouraging a broad and unified effort to prevent uneconomic
uses and development of the Nation's flood plains and, in particular,
to lessen the risk of flood losses in connection with Federal lands and
installations and federally financed or supported improvements.
Specifically : 1

(1) All executive agencies directly responsible for the construction
of Federal buildings, structures, rom.[g, or other facilities shall evaluate

0od hazards when planning the location of.new facilities and, as far
as practicable, shall preclude the uneconomic, hazardon r unneces-
sary use of flood plains in connection with such facilities. . With
respect to existing Federally owned properties which have suffered
flood damage or which may be subject thereto, the responsible agency
head shall require conspicuious delineation of past an probable flood
heights 50 as to assist in creating public awareness of and knowledge
about flood hazards. Whenever practical and economically feasible,
flood proofing measures shall be applied to existing facilities in order
toreduce flood damage potential.

(2) All executive agencies responsible for the administration of
Federal grant, loan, or mortgage insurance programs involving the
construction of buildings, structures, Toads, or other facilities shall
evaluato flood hazards in connection with such facilities and, in order
to minimize the exposure of facilities to potential flood damage and
the need for future Federal expenditures for flood protection and
flood disaster relief, shall, as far as practicable, preclude the uneco-
nomie, hazardous, or unnecessary use of flood plains in such connection.




1974 :: FHWA Floodplain Regulation

RULES AND REGULATIONS 36331
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FEDERAL REGISTER, VOL 39, HO, 197—WEDNESDAY, OCTOBER 9, 1974

< 23 CFR650 A

» “Hydraulic Design of
Highway Encroachments on
Flood Plains”

% October 9, 1974

< Elements
% 100-year event as base flood
Set design standards

Required hydrologic &
hydraulic computations &
data

< Instituted consideration of
RISK

.0

% No NEPA elements!



1977 :: Executive Order 11988

< Federal Agencies must
develop floodplain
management policies to:
% Reduce Flooding

% Minimize Impact of
Flooding

+* Restore or Preserve
Floodplain Values

% Elements
+ NEPA
< FIA (pre-FEMA)
< Avoidance

Executive Order 11988

THE PRESIDENT
May 24, 1977

FLOODPLAIN MANAGEMENT

By virtue of the authority vested in me by the

Constitution and sta

tus

tes of the United States of America,

and as President of the

furtherance o e
1969, as en
Flood Insuranc,
et seq.), and
{Public Law

associat

ternative,

26951




1978 :: WRC issues “Guidelines”
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WATER RESOURCES
COUNCIL

FLOODPLAIN - .
MANAGEMENT

. Guidelines
for Implementing
Executive Order 11988

< Floodplain
Management
Guidelines for
Implementing E.O.
11988

< Specifically cited in E.O.
< Eight Step Process

< Federal agencies
required to BASE their
Floodplain process
using these Guidelines



1979 :: USDOT & FHWA compliance

+ DOT Order 5650.2
 All USDOT modes

+ 23 CFR650 A

<+ Updated Regulation

Department of Transportation ORDER
Office of the Secretary
ashington, D.C.

b-23-79

SUBJECT:  FLOODPLAIN MANAGEMENT AND PROTECTION

1. PURPOSE. This Order prescribes policies and procedures for
ensuring that proper consideration is given to the avoidance
and mitigation of adverse floodplain impacts in agency
actions, planning programs, and budget requests.

2. AUTHORITY. This Order is issued pursuant to the following
statutes and executive order:

a. The National Environmental Policy Act of 1969 (NEPA)
(P.L. 91-190) establishes a national policy to, among
other things, "...promote efforts which will prevent or
eliminate damage to the environment and hiosphere and
stimulate the health and welfare of mn. e mzm\
requires preparation of an envi impact
(EIS) for any major Federal action sigmﬂcanely affecting
t.he qualxty of the human enviromlenc. DOT 5610.1B, Pro-

C idering Envi » Of 9-30 -74,
Atnchment 2, paragraph 11, zaquital tlun: information on
flood hazards, if relevant, be included in the EIS.

b. The National Flood Insurance Act of 1968, Title XIII of
the Housing and Urban Development Act of 1968 (P.L. 90-
448, 8-1-68), provides previously unavailable flood
insurance protection to property owners in flood-prone
areas. Section 1302(c) of the Act stipulates that "the
objectives of a flood insurance program should be inte-
grally related to a unified national program for flood
plain management...."

c. Executive Order 11988 - Floodplain Management, promulgated
on 5-24-77, links the need to protect lives and property
with the need to restore and preserve natural and
beneficial floodplain values. Federal agencies are
directed to avoid conducting, allowing, or supporting

oisuiwniok:  All Secretarial Offices Office of
All Operating Elements Environment
and safety

Federal Highway Administration
23 CFR Part 650

Location and Hydraulic Design of
Encroachments on Flood Plains

Aaency: Federal Highway
Administration (FHWA), DOT.
ACTION: Final rule.

SUMMARY: The FHWA is revising its

isting flood plain regulation. The
s include criteria for flood-plain
actions taken under programs
administered by the FHWA and
implement provisions of Executive
Order 11988 of May 24, w77 m\d DoT
Order 5650.2 of April 26, 1
EFFECTIVE DATES: This rnle h effective
November 15, 1879. However, highway
sections may be processed without the
formal coordination and studies
required by §§ 650.109 through 650.113,
where the drafl environmental impact
statement (EIS) has been filed with the
Environmental Protection Agency (EPA)
prior to October 26, 1978, and the final
EIS for this draft EIS is filed with EPA
prior to April 28, 1980.

FOR FURTHER INFORMATION CONTACT:

Mr. Frank L. Johnson or Mr. Philip L.
Thompson, 202-472-7690, Office of
Engineering, (HNG-31); Mr. Irwin L.
Schroeder, 202-426-0800, Office of the
Chief Counsel. (HICC~40), Federal «
Highway Administration, 400 Seventh
Street, SW.. Wi

p.m. ET, Monday through Friday.

SUPPLEMENTARY | TION: The
FHWA is revising its existing flood
pLuru regulation to include provisions
required by Executive Order (E.0.)
11968—Floodplain Managemant, which
are not addressed in other FHWA
regulations. The existing regulation (23
CFR Part 850, Subpart A) was originally
published at 39 FR 36331 on October 9,
1974. This revision will codify the
policies and procedures contained in
Volume 6, Chapter 7, Section 3,
Subsection 2, of the Federal-Aid
Highway Program Manual.!

Pursuant to Executive Order 11988,
the Department of Transportation (DOT)
published at 44 FR 24678 on April 26,
1979, its policies and ptoead\lrel un
protection and

form of general policy and requirements.
Specific procedures to satisfy this
regulation will be established by
highway agencies within the framework
of their environmental action plans (23
CFR Part 785, Pmcou uidel llnn lor the

Excapt for locations on  watershed
boundary and the “no-bulld" solution,
ulmnlivt locations under
consideration will involve flood plains.
Por proposed highway actions on
flood plains, the decision process
involves comparing various highway
altornatives and their related significant
imipacts, chonging an alternative,
‘minimizing the impacts of the chosen

Plans) and dellgn policy. annew rur
compliance with this regulation will be
accomplished by FHWA division offices
located in each State.

In preparing this regulation, the
FHWA consulted with the U.S, Water
Resources Council (WRC), the U.
Council on Environmental Quali
(CEQ). and the Federal Insurance

Federal Emergency Management
Agency (FEMA).

Advisory material in the WRC
Floodplain Management Guidelines for
Implementing E.O. 11988 (43 FR 6030)
was considered in drafting this
regulation. The decisionm ng Pprocess
set forth in the Guidelines,
explanation of the Executive Order s
provisions, is not the same as

deciliomnakln. process involves a
single large flood plain and a proposed
action at a location on that large flood
plain. With this premise. the following
WRC decisionmaking process steps.
appear Workable: (1) Determine if

e
locating in the base flood plain, (4)
identiy impacts of proposed action, (5)
minimize impacts, restore and preserve
flood plain values, (6) reevaluate

alternatives, and (7) make findings and

and restoring and preserving
the impacted flood-plain values. This
process includes the alternative of
-voidin] any action by withdrawing the
project. The decision generally

Il nol whether the highway should be
lotated in or out of the base flood plain,
but rather which series of flood plains lo
impact if the “no-build" alternative is
not a viable alternative. To support the
resylting decision, § 650.111 of the
revised regulation requires that base
flood plain impacis be identified for all
alternatives. If this identification revi
that an “action on the base flood plain
(encroachment) will cause unusually
adverse impacts, the action will be
termed a “significant encroachment”
and require special attention. This
ingJudes a requirement in § 650,113 that

such ac will not be approved unless
the PHWA nnd. that the proposed
significant encroachment is the “only
pnlcllublt alternative.”

significant encroachment, as

deﬁned in this proposed regulation,
contemplates construction- or fload-
related impacts which involve
significant risk, flood-plain
environmental impact, or potential
Interruption or termination of a vital
transportation facility. The upplication
of this definition in highway location
‘and design will avoid the significant

verse effects due to occupanc,
alteration of flood plains and will sllow
for the thorough consideration of all
relevant highway actions.

provide public

This WRC decisionmaking process is
inappropriate for general application in
making highway location and design
decisions. Highway actions are
processed and reviewed as sections or
projects between logical termini and, g8
such, cross numerous flood plains of -
varying size and importance. Since flood
plains can only be entirely avoided for
those rare projects located on a
watershed boundary, the "no—buﬂd ”

is the only

plains (DOT Order 5650.2). Thll mvllmn
is consistent with those policies and
procedures.

*This document is uvailuble for inspection and
‘copying as prescribed in 49 CFR Part 7, Appendix D.

encroachment of even misimal mpest If
fic flood plain or series of flood
plains are avoided, encroachment at
other locations or other flood plains by
necessity become involved. Therefofe,
idance of all base flood plains fs
ble for most highway actions.

of Major
A notice of proposed rulemaking for
this regulation was published for
comment ‘ederal Register at 43
60298 on December 27, 1978, und a
duht was established with a closing
te of ary 26, 1979. Thirty-six
p.nln submitted comments: 23 from
State highway agencies, 4 from county
agencies, 3 from State environmental
agencies, 2 from other Federal agencies,
2 from consultants, 1 from a Senator,
from the Federal agencies (WRC,
and FIA) whidl were identified in
E.O. 11988 for consultation with other
Fegeral agencies in Issuing or amending
regulations to implement E.O, 11988,
Numerous commenters expressed
concern that the regulation would
Increase redtape, project costs. and




26 November 1979 :: 23 CFR 650 A

Location & Hydraulic Design of Encroachments on Flood Plains
- covers all aspects of project delivery -

< Planning & NEPA < Design & Construction
% Public Involvement < Design Standards
< Environmental documents < Risk analysis / assessments
% Location hydraulics studies < Consistency with NFIP
% Significant encroachments < Shall contain H&H data and
< Preliminary Engineering design computations
< Right of Way < Floodplain permits

< NEPA Findings <+ ER exemptions



1981 :: Risk Analyses?

< HEC-17, 15t edition

The Design of
Encroachments on Flood
Plain Using Risk Analysis

< April 1981
<» Economic & Risk focus

< Applicable for design
portion of 23 CFR 650 A

The Design of Encroachments on Flood
Plains Using Risk Analysis

Hydraulic Engineering Circular No. 17 April 1981

Prepared by the Hydraulics Branch, Bridge Division, Office of Engineering, in
Collaboration with the Office of Research, Federal Highway Administration,
Washington, D.C. 20590

Section Contents

1 Introduction
Preliminary Risk Analysis
LTEC Design Decisionmaking Process
Selection of Design Alternatives
Analysis Considerations
Data Collection and Analysis
Computation of Economic Losses
Computation of Total Expected Costs
9 Least Total Expected Cost Design

10 Sensitivity Analysis

11 Sample Report Outline
Appendices Example Problems

ONOOAWN

U.S. Department of Transportation
Federal Highway Administration




1981 to Present :: Status Quo

<+ FHWA Floodplain Program

e, Memorandum

< Part of Planning Process
< Alignment with NEPA on projects

< 200,000 Bridges built using
Regulation

< Informs Construction, Maintenance,

and ER activities

< Integrated in State DOT & AASHTO
approaches




2005 :: Coastal Storm Events

US 90 - Ocean Springs

Y ~ ¥ \- -

Outcome: Use 650 A’s Design Standard



2007 :: I-35W - Mississippi River

Outcome: Risk Based, Data Driven approaches



2011 :: Riverine Flood Events

1-20 - 2011 lowa Flood:

-

Dt R AR AT 5 35

Outcome: Use 650 A’s Design Standard?




2012 :: MAP-21

< July 2012
% Codified Data Driven,
Risk Based approaches

ds A

% Required Asset
Management approaches
& regulation

< Allowed Projects to
Consider “Extreme
Events”




FHWA Approaches

HR A3

One Rundred Twelfth Congress

United States of America

Federal Highway
Administration

Order

Subject Transportation System Preparedness and
Resilience to Climate Change and Extreme Weather

Events

Classification Code

5520

imary Interest

FIFLH

Date  Office
ex 15, 2014 HI

(EO 13
Transpe

directive.

1. Whatis the purpose o
Federal Highway Admif
climate change and ex{
relevant provisions of tf
E Order 13653 From:

), dated Nov

tion (DOT) F

2. Does this directive cal

3. Whatis the backgrous
a  Climate change
risks 1o the safet

transportation in

b, The impacts of of

Par
1
2
3
4
5.
6. What definitions are us:
7. Wnatis the FHWA's pol
8
: =

Subject.

Memorandum

INFORMATION: Eligibility of Date:
Activities To Adapt To Cl nge
and Extreme Weather Events Under the
and Federal Lands Highway

Gloria M. Shepherd

Associate Administrator for Planning,
Environment, and Realty
Joyce A. Curtis Seppe AL
Associate Administratof ot Federal
Lands Highway

es the cligibility
d Federal Lands programs.

ecal, activities to plan, design, and construct highways to adapt to current and future
¢ change and cxireme weather events are eligible for reimbursement under the

Federal-aid program and for funding under the Federal Lands program. These adaptation
activities can be applied to exi litics to protect and extend the useful
life

funding is being are limited, and their

that no nev

< MAP-21 & FAST Act

s “Extreme Events”

+» FHWA Order 5520

Transportation System
Preparedness and Resilience
to Climate Change and
Extreme Weather Events

< Defines & places context
of “Extreme Events”

< FHWA decides what are
appropriate scientific
approaches

< FHWA “Eligibility Memo”



?

End of Status Quo

2012




2015 :: Future Floods & Floodplains

s EO 13690

< “Establishing a Federal Flood
Risk Management Standard
and a Process for Further
Soliciting and Considering
Stakeholder Input”

¢+ Standard
% Federal Flood Risk
Management Standard

% GQuidelines

% Guidelines for Implementing
Executive Order 11988,
Floodplain Management, as
Revised

Implementation Plan

L)

L)

*

These next few slides go “beyond” HEC-17 ...

EXECUTIVE ORDER 13690

Establishing a Federal Flood Risk Management Standard and a
Process for Further Soliciting and Considering Stakeholder Input




*

*

*%

*%

*%

FFRMS :: (aka) Standard

Issued January 30, 2015
Introduces “FFRMS Floodplain”

Describes 3 approaches to achieve “Future Flood” standards:
% Climate-Informed Science Approach
% Freeboard Value Approach
% Use 500-year floodplain elevation and extent.

Gives each Federal agency choice on approach(es)

Provides for Exceptions & Exemptions
% National Security
% Emergency Actions
< Demonstrably Inappropriate
% Mission Critical



Standard :: Climate Informed Science

% Coastal :: HEC-25 V2

% Sea level with Sea Level Rise

% Include waves, surge, tide
data

» Riverine :: HEC-17

% Changes in riverine
conditions resulting from
climate changes

% Science still emerging
% Both

< Apply state-of-the-art science
in a manner appropriate to
policies, practices, criticality,
risks & consequences

Highways in the River Environment-
Floodplains, Extreme Events, Risk,
and Resilience




Standard :: Freeboard

<+ Base Flood (100-year floodplain) + 2 feet
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Standard :: 500-Year

<+ Use 500-year floodplain
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Guidelines

Guidelines for Implementing
Executive Order 11988, Floodplain Management,
and
Executive Order 13690, Establishing a Federal
Flood Risk Management Standard and a Process
for Further Soliciting and Considering Stakeholder
Input

October 8, 2015

% Issued October 8, 2015

% Result of
s 2300+ Public Comments
< 500 Different Parties

< Describes and Interprets

< Requirements and
information of the EO
13690 and Standard
< Replaces
< 1979 EO 11988
Implementing Guidelines
% Informs, but does not
require agency approach



Implementation Plans

<+ White House required
Implementing Plan

< 30 days AFTER end of
Implementing
Guidelines public
comment period

» Contains Milestones
and Deadlines

< White House reviews
and approvals




Implementation Plan :: USDOT

< USDOT’s plan
% Assess FFRMS & EO 13690
% Update DOT Order 5620.2
% Obtain White House approval
< Stakeholder Outreach
< Seek Public comments

<* Resolve comments as
appropriate

s Issue Final Order

<+Allow each Modal Agency
to Implement

Status: on hold!




Implementation Plan :: FHWA

<+ FHWA
» Until DOT Order issued

% Collect current FHWA
program areas involving
floodplains

% Determine FFRMS
impacts

s Account & resolve
impacts

< Implement resolutions
< Develop technical guidance
< Update Regulation

< Same Rulemaking Process as
DOT Order

Status: ???




Implementation Plan :: Others

 HUD
* FEMA
< Draft Rule in FR
% Reviewing comments
<+ Final Rule???
% Corps
< Draft EC in FR
< Comments due 30 January

FHWA unaware of any other federal agency
Regulations placed on hold



Future of Federal Floodplain Policies?

Photo Source: WhiteHouse.gov

New administration will provide
leadership, direction and focus!



Takeaways!

FHWA

< awaiting direction from the Administration

< has a good history of involving and communicating with our
transportation partners

< will continue to do so with floodplains to the extent possible
< will build upon Risk based, Data driven approaches
< will align approaches with MAP-21 and FAST Act initiatives

NO FHWA programs or project delivery should deviate
from EXISTING requirements of 23 CFR 650 Subpart A
until promulgation of any new/revised regulation,
policies, and guidance.



Floodplains & FHWA

Not Going Away!
09,358 Bridges over Water

e

5

Source: 2016 NBI




Questions?

HEC 17: Highways in the River Environment - Floodplains, Extreme Events, Risk and Resilience - Webinar A — 25 Jan 2017

47



Chapter

-

Riverine Flood Events



Terminology

Base Flow I?fankfull Runoff
Discharge
Precipitation Hydrograph

Hyetograph Variable Parameter
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Methods for Estimating Discharge

: Statistical
Rainfall/Runoff
ainfall/Runo Methods
Rational Log Pearson
NRCS ( e
. Regression
—  Graphical | Equations
Peak Method | G |
— Others — Others




Rainfall/Runoff Methods

Relate
physical
properties
to discharge

~N

(- )

Simplifying
Assumptions

-

Smaller
Structures




Statistical Methods

Historical
gage data

~

-

Specific
Gages or
Regional

~

-

Larger
Structures




Best Estimates

Understand Best
the Limitations Information
| Drainage a m;)lglitrlze:nd
Area Size PP g.
k analysis )
! | i Up-to-Date |
— Homogeneity — Precipitation
k Data
| Range of a Longer
values record




Best Actionable Precipitation Data

FHWA RECOMMENDS:
NOAA Atlas 14

http://www.nws.noaa.gov/oh/hdsc/index.html

Organization

>eneral Info i

Homepage ' e %ﬁ: PSi.we | Available on PFDS
{ant i ; o

Current Projects i 3 . LTI for a selected

FAQ location:
Glossary

* Precipitation
frequency estimates

’recipitation
‘requency (PF)
PF Data Server
PF Documents

+ 90% confidence
intervals

robable Maximum
’recipitation (PMP)
PMP Documents

« Supplementary
information

fiscellaneous




Uncertainty of Estimate

Data
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Data Uncertainty

POINT PRECIPITATION FREQUENCY (PF) ESTIMATES

WITH 90% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION

PF tabular

PF graphical

NOAA Atlas 14, Volume 9, Version 2

Supplementary information

% Print page

AMS-based precipitation frequency estimates with 90% confidence intervals (in inches/hour)’

15-min

] | Annusl ance probabim1/vesrs) |
Dwration
| 12 I 115 I 1110 I w2 /| 1450 [\ 1100 I[ 1/200 I[ 1/500 [ 000
< min 5.28 6.76 7.99 0.78 1.2 12.8 14.4 16.8 18.7
- (4.22-6 78) (5 39-8.70) (5.35-10.3) {781-1340) {857-15.1) (o pe-17 4) {10.4-20.0) (116-237) (12 6-26 4)
10min 3.26 4,95 5.86 7.16 \ 8.23 0.37 10.6 12.3 13.7
{3.00-4.97) (3.05-6.37) {4.65-7.55) (5.57-0.53) WN(B.27-11.0)_J¢” (6.04-12.8) (7.55-14.7) (8.53-17.3) (0.24-18.3)
[ 314 || 402 | are | 582 | 668 || 762 | 8s0 || 99 | 111




Method Uncertainty

Rainfall/Runoff Statistical
Methods Methods
e Uncertainty e Confidence
Unknown Interval
e Standard

Error



Method Uncertainty

Confidence Interval

% Best Estimate = 27,000 cfs
< Range =19,000 to 45,000 cfs

Jnnual Feak Discharge (cfs)

100,000

[

Fitted frequancy
Syrstamahs Faaks

— Confidence lmits
Thrashold (1897-1929

10,000 |-

—

1,000 "

100

Peakfq v 7.0 run 11202093 12:11:05 P
EMA Lising Welghted Skew oftion

0416 = Skew [G)

0 Feroes not displayed

0 Peaks below Low Cwtier Threshold
Mustipaa Grubhs. Beck

095

92 ] 75 L] 40 0 & 1
Annual Excesdance Probablity, Percent
Station - 03608500 BIG SANDY RIVER AT BRUCETON, TH

i
02

Figure 3.5. Example flood frequency curve with confidence intervals.




Uncertainty of Estimate

Method Uncertainty Data Uncertainty

Sensitivity




Change?

e Curve Number

1A=l iaA e Confidence Limits




Change?

Gage Station Regression Equations

Test for trends in annual Range of values for
peak flows. variables
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Questions?
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Chapter

-

Nonstationarity or Change



Perspective

e Rainfall
e Flow
e \Watershed Characteristics

e Design Standards
e Tolerance for Risk

o Useful life




Past = Future?

Past predicts

Stationarity future

Patterns and
trends of past not
necessarily
predict the future

NonStationarity
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Nonstationarity

&ZUSGS

USGS 08153500 Pedernales Rv nr Johnson City, TX
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Which Precipitation?

Daily or
Heavy Annual?
Very Annugl or
Partial
Heavy Duration?
Extreme 6 hours or 24
Fvent hours?




Flood Trends

Change
per Decade (%)

a 3 v

Figure 4.3. Trends in flood magnitude (from Hirsch 2011 and Petersen et al. 2013)

Figure 4.4. Trends in annual instantaneous peak streamflow (from Lins and Cohn, 2011).



Detecting Nonstationarity

USGS 01649500 NORTHEAST BRANCH ANACOSTIA RIVER AT RIVERDALE, MD
L 14000
E 12000 o o
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Figure 4.6. Annual peak discharges for the Northeast Branch Anacostia River at Riverdale, MD.

MEDIAN No. of
TAU P-VALUE SLOPE PEAKS

SYSTEMATICRECORD 0.492 0.000 62.683 76

Figure 4 7. PeakFQ output for the Northeast Branch Anacostia River at Riverdale, MD.



Detecting Nonstationarity

Detection Tool Example — Abrupt Change

et v [ tos teb

NonStaticnarity Check using Stream flow at BLACKWATER RIVER NEAR WEBSTER, N ol

The orange line indicates the presence of a
statistically significant abrupt change in the
i mean of the flood peak distribution in 1892

based on the Pettitt test.

[ﬁ} @\ US_A\(}E
Figure 4 8. Example of the Pettitt test applied for the Blackwater River.



Detecting Nonstationarity

YR

US Army Corps of Engineers
Nonstationarity Detection
Tool User Guide

User Guide

Version 1.1
January 2016

http://www.corpsclimate.us/ptcih.cfm



Adjusting for Nonstationarity

Exceedence probability (%)
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Figure 4.16. Peak adjustment factors for correcting a flood discharge magnitude for the
change in imperviousness (from McCuen, 1989)
McC Index Adjust tP



Adjusting for Nonstationarity

Beginning of Time Period End of Time Period

Homogenous Subperiod of Record



Adjusting for Nonstationarity

[
=1
=1

Discharge, in cfs
-
=
S

19440 1950 1960 1970 1980 1990
Water Year

2000 2010

Figure 4.9. Annual peak discharges for Stockley Branch at Stockley, Delaware

Table 4.1. Flood frequency estimates with and without adjusting for the mean.

Estimate Without Estimate Adjusting
Adjusting for for Nonstationarity
AEP Nonstationarity (ft¥/s) (ft¥/s)
0.50 70 120
0.10 150 220
0.01 320 370

Frequency Analysis with Time Varying Mean




Projecting Flood Frequency

Land Use

e Curve Number

Change




Projecting Flood Frequency

Regression Equations

Range of values for
variables

Nonstationarity
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Questions?
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