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Contents

• Levee monitoring for …

• … emergency planning / management

• … asset management – why is monitoring needed

• Risk-based and tiered approach to levee 

monitoring relation to defence fragility and 

deterioration 

• Tiered set of techniques, including plans 

under UrbanFlood
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Understanding & managing flood system

Bramley et al, 2002
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Source-Pathway-Receptor (SPR) framework

A simple framework permits a structured approach

to the analysis & management of the flooding 

system 

Pathway

(e.g. beach, defence and floodplain)

Source 

(River or sea)

Receptor
(e.g. people in the floodplain)

HR Wallingford, 2001
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Asset system management framework
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System analysis - Flooding probability
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System analysis - Estimated annual damage 
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System analysis - Risk attribution to defences
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Asset system management framework
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HLM+ Fragility curve - Condition Grades 1 to 5 

(Central estimates)
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Condition grading system

Grade Defect type 

C1 
Cosmetic defects that will have no 

effect on performance 

C2 
Minor defects that will not reduce 
overall performance of the asset 

C3 
Defects that could reduce 
performance of the asset 

C4 
Defects that would significantly 

reduce performance of the asset. 
Further investigation needed 

C5 
Severe defects resulting in 

complete performance failure 
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HLM+ Fragility curve - Condition Grades 1 to 5 

(Central estimates)
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Predicting deterioration (curves)
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Example 2008 generic deterioration curve

Embankment - Turf - Narrow - Without Maintenance
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Thames Estuary 2100 deterioration curves

Best estimate
Exemplar 

site

Description of aspect of asset 

deteriorating Time (years) to reach Condition from new 

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Hard defences - no maintenance 

other than grass cutting to rear

EX1

Concrete wall protected by 

revetment 0 10 20 50 75

EX2 Sheet piled wall (corrosion) 0 10 30 150 225

Revetment 0 10 20 50 75

Grass cover 0 10 20 50 75

EX3 Sheet piled wall (corrosion) 0 10 30 150 225

Grass cover 0 10 20 50 75

EX4 Concrete upstand wall 0 20 50 100 150

Grass cover 0 10 20 50 75

EX5 Sheet piled wall (corrosion) 0 10 30 150 225

Ground anchors 0 60 65 85 100

Washout after corrosion 0 10 18 57 80
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Conceptual framework (Buijs, 2007)

Identify existing 

knowledge

Site specific 

information

Scientific 

understanding

Identify flood defence 

properties involved and 

their uncrtainties

Excitation features

e = e1,..,en

Ancillary features
a = a1,..,an

Affected features

X  = X 1,..,X n

Inherent uncertainty in space - 

statistical distribution or 

random field

Inherent uncertainty in time - 

stochastic process (sections 

5.3 & 5.4)

Qualify character of asset 

time-dependent process 

(conditional on excitation)

X i(a,t|e)

Statistica model for X (t):

• Specify statistical model for e1,..,en

• Quantify X (a,t|e), as a function of 

ancillary and conditional on excitation

• Specify statistical model for a1,..,an

• Establish dependencies

Quantitative analysis of asset 

time-dependent process

Qualitative analysis of asset 

time-dependent process

Conceptualisation phase (internal model properties)

Problem formulation phase (internal model properties)
Task specification of asset time-dependent process at a process level and overarching maintenance 

optimisation model level

Dependencies with 

other processes

• Site specific information 

• Process understanding

• Excitation features 

• Ancillary features

• Affected features

• (Statistical) models 
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Tiered approach to monitoring at pilot sites 

All monitoring sites to have regular visual condition 

assessments using performance feature methodology 

Selected sites to have physical survey of 

levels of structure and surrounding 

ground (e.g. beaches). Survey might be at 

100m spacings (to match Coastal 

Regional Monitoring Programmes)

Some sites to have 

monitoring of 

physical 

parameters, plus 

more spatially 

dense survey

Rich resource of potential 

monitoring approaches 

available (e.g. sensors, NDT, 

electromagnetic techniques)

Monitoring scheme will be 

specific to structure type

Link to FRMRC2 – WP4.3

Increasing 

risk
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Condition Assessment Manual

• Simplified Condition 

Grade description

• Example photograph

• Key Features, 

generally linked to a 

range of failure modes
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EA risk-based inspection frequency
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   Key: 
   (NB Risk is a combination of consequence and probability as discussed below) 
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Performance feature 

inspection flowcharts

Performance features
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Surface (topographic) monitoring –

required accuracies

Visual 

Indicator

Location Description Dimensions (m)

Slight Minor Major

Rutting Crest/Slope Wearing of crest or slope due to traffic 

(human or livestock) 

X:0.1-0.3

Y :0.2-0.5

Z:0.05-0.1

X:0.3-0.6

Y:0.5-1.0

Z:0.1-0.3

X: 0.6+

Y: 1.0+

Z:0.3+

Circular Slip Slope 

(either)

Semicircular cracking and lowering of 

slope section 

X :0.1-0.3

Y :0.05-0.1

Z:0.01-0.05

X: 0.3-1.0

Y:0.1-0.5

Z: 0.05-0.2

X: 1.0+

Y: 0.5+

Z: 0.2+

Vermin 

Holes

Outer slope Holes in slope caused by vermin. Slight = 

vole/rat size, Minor=Rabbit size & 

Major=Badger/Fox size

X:0.05-0.1

Y:0.05-0.1

Z:0.05-0.2

X:0.1-0.3

Y:0.1-0.5

Z:0.1-0.3

X:0.3-0.6

Y:0.3-0.6

Z:0.3-0.6

Slumping Toe/Crest Depression at toe or crest. If at toe, there 

may also be movement of slope above 

slump leading to a change in slope angle 

(SA)

X:0.1-0.2

Y:0.1-0.3

Z:0.02-0.05

SA: 1-5⁰

X: 0.2-0.6

Y: 0.2-0.6

Z: 0.05-0.2

SA: 5-10⁰

X: 0.5+

Y: 0.5+

Z: 0.2+

SA: 10⁰+

Heaving Toe/Crest Uplift at toe or crest caused by 

geotechnical or hydraulic issues. May be 

slumping behind heave point

X:0.1-0.2

Y:0.1-0.3

Z:0.02-0.05

X: 0.2-0.6

Y: 0.2-0.6

Z: 0.05-0.2

X: 0.5+

Y: 0.5+

Z: 0.2+

Cracking & 

Fissuring

All Presence of openings in bank and 

potential movement or erosion at crack or 

fissure points

X:0.01-0.05

Y:0.001-0.01

Z:Negligible

X: 0.05-0.5

Y: 0.01-0.2

Z: 0.001-0.1

X: 0.5+

Y:0.2+

Z:0.1+
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Surface measurements

LiDAR Sim – identifying anomalies

24

Surface measurements –

LiDAR Sim
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LiDAR  Sim - Slope difference

o

Boston
o King’s Lynn

Intrusive monitoring - proposed UK 

UrbanFlood work
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South Bank

by Black Sluice Pumping Station

Town Centre

by Grand Sluice

Boston – potential sensing locations
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Black Sluice – houses behind embankment
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Black Sluice – river situation
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Black Sluice – riprap protection
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Black Sluice cross section
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Town centre embankment from St Botolph’s
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House yards 

below 

embankment
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Several toe slips evident
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Town Centre – cross section

Monitoring of levees 

in the UK

j.simm@hrwallingford.co.uk


