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Country or state

Population

(million)

Land area
(‘000 miles?)

Context

Population per
mile?

USA

Arizona

Texas
California
Florida

North Carolina
Virginia

England

323
7.0
27.9
39.2
20.6
10.2
8.1
55.0

3806
114
269
164

59
54
43
50

85
61
103
240
350
190
190
1,100
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ZHRWamngfom Flood defences in England

Working with water

Approx 9000 km of raised flood defences,
l.e. levees and flood walls
(National Strategy, 2011)

@ virnnmenT Percentage of land at significant
e likelihood of flooding

m Defences reduce chance of flooding for
many of the 2.4m households at risk of
fluvial & coastal flooding, e.g. in winter
floods 2013/14.

e 11,000 properties flooded
e 1.4m properties protected
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Z HR Wallngford UK - a history of flooding

Working with water

Over last 20 years, major flood events In:
m 1998 — 2000 — 2002 — 2005 — 2007 — 2012 — 2013/14 — 2015/16

Belfast K l

Dundalk

Irish Sea

Dublin *
Baide Atha Cllath %

- "Dun Laoghaire 9
Q
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ZHRWamngford 10-15 years of severe floods:

Working wich water a significant number of failures, primarily in low risk areas

Croston
2016
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Working with water

Pathway

e.g. beach Receptor

defence, floodplain e.g. property, agriculture,
infrastructure, people in the floodpiain

Source 'Risk= f(probability and consequence)

River or sea

ZHR Wallingford

A7 e wingor Full flood risk system modelling
&

Source Pathway Pathway Consequences Fragility Systems Leves Bre_aCh / Consequence
Extreme distribution Reliability analysis of Flood probability Flood damage or harm Analysie Analysis Inundation Assasoment
of in-channe! watsr assets e.g, defences fiood axtent and related to depth. Risk is Assessment :
levels or coastal (load dependent) depth, reflecting assessed by the probabiiity
pvertopping assel performance that particuiar damage
and source terms values are exceedad

X — \ .

° —_— =

L [ =

I ) — &

Lcad Damage

National Research Council (2013)
“Levees and the National Flood Insurance Risk Quantification

. . . ” & Uncentainty Analyss
Program Improving Policies and Practices
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2%k watinger National Flood Risk Analysis (NaFRA)

Working with water

National model run

SoN
2017/18

NaFRA 2005 NaFRA 2007 NaFRA 2011
N N

N

Method/Software development
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Outputs - probability of flooding

Humber Estuary
Strategy modelling - Maintain 2115

November 2010

Probability of flooding
0

I 0 - 0.001

{7 0.001 - 0.005
0.005 - 0.050

9 0.050 - 0.200

I 0.200 - 1.000

[ Flood Area
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Outputs - risk

Humber Estuary
Strategy modelling - Maintain 2115

November 2010

Total Risk (£)
0

- 100
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[ 200001 - 500000

I 500001 - 1000000

I > 1000000

[ Flood Area

Environment
AT wwaingors @523
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ZHRW”, . Representation of levee performance
allingfor

iImportant for flood risk systems analysis
- Pathway A .
&0 o g beich, Receptor gl P
L defence, floodplain e.g. property, agriculture,
A\ ) infrastructure, people in the floodplain
Source
River or sea 7 \\
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z HR Wallingford Fragility curve fundamentals

Working with water

th Standard of protection
The Fraglllty methOd Probability of A provided by defence
Af |t . h h defence failure i
ragllity curve Is a curve wnic Difference relates to
expresses the probabillity of failure _~, factor of safety in design
of a defence as a function of the
loading 100% 1.0 P
//
Typicall //\ ‘ ) TH
Z (reliability) = R (strength) — S (loading) assumed fragility P ¢ e gl
curve ,’
|
50% -0
,
KEY POINT: §
® Probability of failure: /
— for |load > design load| < 100% /
— for |load < design load| > 0%
or |loa esign load| 0 S0 10 10% /./
0 4‘/// .
0 Severity of load event
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ZHRWamngfom Improving fragility curve science

Working with water

National Scale

Increasing certaintv in
defence performance

Pf

Increased defence data
and analysis

load
Local scale
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z HR Wallingford ypical generic fragility curves

Working with water

m Linked to visual condition grade
m Capture reduction in performance as levee deteriorates

g 11
: / ol |/
é / 66 l / — Condition gradel
5 [l Cenomses
E / Structure ;: / — ngd@t!gn grade4
§ / DeteriOratiy — Condition grade 5
= S 1
-1.5 -1.0 — -0.5 G'GO.O O.l5 1.10 1.5

Overflow head (Water level - crest level)
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ZHRWamngfordSite-specific analysis: HR Reliable components

Working with water

I

Structure-specific

parameters, probability
distribution functions and

ranges

Limit state equation
Failure mode 1

s
Structure-specific
Fault tree
Numerical J
Integration N

4

Limit state equation
Failure mode 2

Structure-specific
fragility curve

Annual probability
of defence failure

Limit state equation
Failure mode 3

ASFPM Phoenix, June
2018

Limit state equation
Failure mode ..n
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z HR Wallingford HR Reliable fragility curve
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Working with water
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Probability of Failure
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ZHRWamngford Next steps (1): Dealing with Transitions

Working with water
\\
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WP 3: Reliability of Urban Flood

Defences

Structure Transitions

Date: Seplomber 2012
Report Number WPO3-01 1230
Vernion Nussher 40 P02

Task Leader rsico
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A S Next steps (2): introducing multi-variate
e fragility for coastal levees
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A SN Next steps (3): dealing (properly) with
e time-dependent failure mechanisms

Event tree type thinking needed In
thinking about breach:

m Dynamic breach growth e.g. EMBREA
m Rapid assessment breach e.g. AREBA

Breach Timer 140.00

Features

m Homogeneous or composite structures
Option for grass/rock surface protection
Overtopping or piping initiation

Surface erosion or headcut progression e s Crestwidh
. o0 ono Foundeton Levst n0ON® Crest level
Variable erodibility T
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