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GENERAL METHODOLOGY
Tested on storm at Walcott, Norfolk, England 9th November 2007

OVERTOPPING

Measured at Anchorsholme, Blackpool, in January 2008

by HR Wallingford for the Environment Agency -

Laboratory tests, Shallow-Water And Boussinesq (SWAB) and
SPH modelling for great detail
FIELD-LABORATORY-MODELLING

AIMS

* Predict inundation accurately from offshore conditions

* Predict statistics of overtopping/inundation with climate change
and sea level rise

* Analyse uncertainty
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Walcott flood
9th Nov 2007
(from NOC)

Surface pressure analysis Surface pressure analysis
at 00:00 GMT, 9th Nov. 2007 at 00:00 GMT, 1st Feb. 1953
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Walcott flood
9th Nov 2007
(from NOC)

WAVE
HEIGHTS

latitude (°)

09-Nov-2007 07:00:00

-10 -5 O 5 110
longitude ( °)
Significant wave height from the wave model at 07:00 on 9" November 2007.

The colour bar shows the wave height in metres.
The arrows show the peak wave direction at that time.
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From regional to coastal modelling
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Coastal wave modelling

Including :
POLCOMS-WAM —>bathymetric wave breaking
—>shoaling
—>bottom friction
- Wave-wave non linear interaction
- bathymetric refraction
—>water depth variation due to tides and surges

Significant wave height at Dowsing (a) and Gabbard (b).

(a) T T T

Black — model
Grey - buoy
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time (days in November 2007)



Coastal tide-surge modelling

Residual surge from model and observations from
Lowestoft
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Extreme value joint probability analysis :1960-2100

Return
Period

No SLR

(a) 5

RP =1000 years

RP =100 years
4 RP=50years

RP =10 years

RP=5years __ _ *«

------

o—L— ——=
105 0 05 1

156 2 25 3 35

water level (m)

Scatter plot of semi-diurnal maxima of

significant wave height vs water level

Red — independent ; blue — dependent.
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The red dot shows the location of the Nov 2007 event
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OVERTOPPING SEA WALL

Anchorsholme, Blackpool
data 28th January 2008.

Flume tests at HR Wallingford.



Overtopping field tests — EA data
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Physical Model Comparison

HR Wallingford
tests

Link to
Movie


ExtractClip.wmv

Shallow Water And Boussinesq

(SWAB) Model
Depth averaged — 1-D time stepping

¢ = [gh

Shallow water equations
Shallow water only

c=f(hT)

Boussinesq equations
Intermediate depths



* Boussinesqg works well on mild slopes without
breaking SWAB

* New breaker algorithm based on old concept — ratio
of wave height to depth limit for individual waves

* New algorithm for breaker impact — momentum

reversal Recurve
 Surface elevation input only t
« Executable and manual available

ADVANTAGES

« Easy to use and fast

 Less uncertainty over input than EuroTop

* Breakers switch on/off automatically — suited to
waves propagation over reefs
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Shallow Water And Boussinesq (SWAB) model
validation against field and lab data
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Walcott - Waves

Storm from
November
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courtesy Sylvia Andws WEVA




courtesy Sylvia Andrews WEVA
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Beach Profiles

Profiles for SWAB Model
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BEACH PROFILE PREDICTION
by Canonical Correlation Analysis (CCA)
(Reeve — Plymouth now Swansea)

CCA - a data-driven statistical analysis - is useful for
analysing beach profile response to waves if there is
strong correlation between the two variables (beach
profiles and wave height distributions).
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Measured profile and predictions using wave height and wave steepness
based on regressions determined from data up to August 2003.
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2007 Storm — Overtopplng Volumes
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SPHysics open source code

An international
collaboration

SySics

i
between 4 S SPHYSICS Home Page

. et . » SPHYSICS Home SPHysics - SPH Free-surface Flow Solver
u n Ive rS ItIeS L] ' gzr:lt:)r:jr: Open-Source Smoothed Particle Hydrodynamics code

: g:j:ggi @ v2.0 UPDATE RELEASED: JANUARY 2010
. z:::“;?sttfrny 1. Welcome to SPHysics
L] Th e J O h nS H O p kl nS » Future 2. Developers (photos) and Contributors
gev:liprtnents 3. Code Features

L] L] » Contributors N .

U n Ive rSIty (U SA) } mlc;m changes 4. (l:):::’r:il::;!s (serial, parallel, GPU, hybrid-

5. Documentation

* Universidadede = : B LT

7. SPHysics Forum

8. Visualization: Images & Videos

Vigo (Spain) N
- University of L e =
Manchester (U K) i e

* University of

Rome, La Sapienza

Waitins g for wiki. manchester.ac.uk. .

(Italy)
. gode has been released as free open-sourceware
http://www.sphysics.org (4000+ downloads)
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Frame: 1685
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Frame: 1687
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In SPH, we know that overtopping
, is dependent on resolution, so

——=| with a much finer resolution this
| could well produce higher values
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-  Unstructured mesh
90102 triangular elements
resolution from 50m to 1m

- Bathymetry: LIDAR 2m resolution (EA),
filtered by Kuo (2011)

- Blocks represented as islands with a sliding
conditions at their boundaries

North

- Treatment for non-positive depths

- Overtopping discharge rates represented
as sources terms and imposed at each
node of a seawall 1260m long

- Timestep:0.1s
- Bottom friction : Manning’s n=0.036s/m?/3
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Wave by wave input Hourly averaged input
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Comparison with collected information
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courtesy Maurice McCabe
and Brian Farrow



SEA LEVEL RISE
Change in return period of Walcott event due to sea level rise
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UNCERTAINTY

In mean overtopping due to error in nearshore wave height and water level
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Thank you for your attention

Questions?



