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Planned Wave Energy Developments
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Hebmarine Sensor Data
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The Hebridean Wave Model Domain

DHI Mike 21 Spectral Wave package
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Energy Input
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Energy Transport and Dissipation m

® Mike 21 models the evolution of wave spectra using the Wave Action
Conservation Equation

|5 (5)

m Semi-empirical source terms include free parameters C,J, f and ~ fixed
by calibration process.

Sweap(C, 0, E,0,0,d) Whitecapping
vE +Spot(f, E,0,0,d) Bottom Friction
()] = +Saui(7, E,0,0,d) Wavebreaking
+Swind(E, 0,0) Wind Forcing

+5n(E, 0,0) Nonlinear Interactions
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Model Calibration

Run the model for various values of each calibration parameter

Extract timeseries of Hy and T; (related to the 0" and 1% spectral
moments) at the sensor locations.

Judicious combinations of the calibration parameters selected for best
possible match between modelled and measured data.

modelled measured)

Scatter index for N timesteps = \/ 2

Bias = Xmodelled )—<measured )

ZJN N [(X[’neasured __ gmeasured ) (ijodelled __gmodelled )]

N modelled _ 5 modelled) N ( measured __ 3 measured)
VE(x % >y %

Correlation coefficient=
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Using the Sensor Data
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Whitecapping: Scatter Indices

Full 2D parameter space, 43 day run

Scatter index for significant wave height:

Hs Scatter
o1

5 02 03 04 (X3 06 07 08 0.9 DeltaDis 0
35 0159356 0156089 0153001 0150085 0147371 0144766 0142398 0140473 0138989 L
45 0147692 0145478 0143365 0141461 0139633 0138202 0.13732 0136872 NGNEE o
6 0139973 0.139032 0.138309 0.137692 0.137638 0.13806 0.138668 0.139306 0.139957 o
-
oo ‘Whitecapging Deltadis
Scatter index for mean wave period:
0411 T1 Scatter
o0 1 0097832 0.096179 0.094613 0.093122 0.091705 0.090383 0.089142 0.087975 0.086888
i 3 0093220 0089626 0086574 0.084023 0.0BIOB8 0080442 oo7s148
ox 6 0090026 0.085543 0.082694 0.081719 0.082433 0.084336 0.08697 0.089969 0.093085



Whitecapping: Biases

Hebridean

Significant wave height bias (m

Hs Bias
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0.2
0.336744
0.235359

0.16342
0.134238
0.108324

0.08506
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0.027531

-0.00348
-0.03045
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0.4
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0.071427
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0.104565
0.073568
0.046518
0.022924
0.002306
-0.03203
-0.0597
-0.08273
-0.1024

0.7
-0.25323
-0.14006
-0.03729

0.011346
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Whitecapping: Second Set

Additional 46 days of simulation: narrower region of parameter space, higher

resolution.
Hs Scatter
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Why use a 2D surface?

Alternative iterative approach - 1

Using default Ag;s, vary Cgis to minimise Hs scatter.

Hs Scatter
01

1 0239388
2 0194344
3 0168188
35 0159358
4 0.152679
45 0147692
5 0144056
6 0139973
7 0138769
8 0.139429
9 0141337

cdis

Conclude our first guess at Cgis should be 6.

02
0.234701
0.189568

0.139706
0.142069

03
0.230297
0.18517
0160764
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0.147337

0.140388
0.143367

04 05
0226107 0.222101
0.181136 0.177328
0.157436 0.154254
0.150086 0.147371
0.144933 0.142644
0.141461 0.139633
0.139252_0.137963
0.137692]

0.138861 0.139779

0141611 0.143024
0.145084 0.146747
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0.140796
0.144331
0.148176

07
0214761
0170178

0.137006
0.138668
0.141779
0.145517
0.149484

08
0211357
0.166826

0.136872|
0.137066
0.139306

014272
0.146639
0.150698

0.9 Deltabis
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Why use a 2D surface?

Alternative iterative approach - 2

Taking Cyis = 6, vary Agis to minimise T scatter.

cdis

Conclude our first guess at Ag;is should be 0.4.

T1 Scatter

1 0097832
2 0095231
3 0093224
35 0092441
4 0091792
45 00912
5 0090733
6 0.090026
7 0089581
8 0.089288
9 0.089155

02
0.096179

0.09238
0.089626
0.088574
0.087679

0.085543
0.08509
0.084992
0.08523

03
0.094613

0.082694|
0.082877
0.083671
0084959

0.093122

0.08757
0.084023
0.082827
0.082004
0.081495
0.081292

0.083047
0.085044
0.08753
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0.091705
0.085573
0.081988

0.08097
0.080476

0.08042
0.080768
0.082433
0.084987
0.088113
0.091561

06
0.090383
0.083823
0.080442

0.07984
0.079867

0.09608

07
0.089142
0.082311

0.079468 | IS0

0.07943
0.080117
0.081346
0.082965

0.08697
0.091463
0.096058
0.100544

08
0.087975
08104

0.079692

008103
0.082875
0.085068
0.089969

009507
0.100043
0.104781

0.9 DeltaDis
0.086838
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0.103839
0.108704

Whitecapping DeltaDis

/!

s

N~

01

——

02 03 04 05 06
DeltaDis

07

08

09




Why use a 2D surface?

Alternative iterative approach - 3

Agis = 0.4, vary Cyis to minimise Hy scatter.

cdis

Take Cdis = 6.

s v
babownn

voNon

Hs Scatter
01
0.239388
0.194344

0.141337

02
0.234701
0.189568
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0.156089
0.149957
0.145478

0.142069
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0.18517 0.181136
0.160764 0.157436
0153001 0.150086
0.147337 0.144933
0.143365 0.141461
0.140731 0.139252
0.138309

0.138471 0.138861
0.140388 0.141611
0.143367 0.145084

0.222101
0.177328
0.154254
0.147371
0.142644
0.139633
0.137963
0.137638
0.139779
0.143024
0.146747

0.148176

0214761
0170178

0.149484

08
0211357
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0.145663
0.140473
0.137798
0.136872|
0.137066
0.139306

014272
0.146639
0.150698
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0.208129
0.163596
0.143314
0.138989
0.137069

0.151813
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Why use a 2D surface?

Alternative iterative approach - 4

We have already seen that taking Cgis = 6 and varying Agis to minimise Ty

scatter gives Agis = 0.4.

w
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cdis

Care

T1 Scatter
01
0.097832
0.095231
0.093224
0.092441
0.091792
0.0912
0.090733
0.090026
0.089581
0.089288
0.089155

must be taken that we really have found global optima if we use a 1D

02
0.096179

0.09238
0.089626
0.088574
0.087679
0.086923
0.086347
0.085543

0.08509
0.084992

0.08523

03
0.094613
0.089833
0.086574
0.085359
0.084397
0.083725
0.083198

04
0.093122

0.08757
0.084023
0.082827
0.082004
0.081495
0.081292

05
0.091705
0.085573
0.081988

0.08097
0.080476
0.08042
0.080768

0.082694 |JOI0BTAES 0.082433

0.082877
0.083671
0084959

0.083047
0.085044
0.08753

iterative approach.
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Bottom Friction and Wavebreaking

Sensitivity tests indicated that these parameters could be decoupled.

Bottom Friction Calibration

03
by
2o.2s
g
i
g 02
x

0.15

0 0.05 0.1 0.15 0.2 0.25 03
Nikuradse Roughness

Select roughness of 0.19, wavebreaking « of 3.



Time period M

The behaviour of the model depends on the conditions. The calibration
surface for one time period...
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Time period

...might be quite different to another period.

Hrn0 Scatter

Whitecapping Cdis

Whitecapping Deltadis



Continuous Time Period

Any time period chosen for calibration...
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Continuous Time Period ME!!!H

...should represent the range of conditions experienced thoughout the year.
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Ensemble

S fant e He gt

Consider using an ensemble of shorter simulations.
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Model Automation: Mike Interface

Hebridean
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Model Automation: Software Tools

m values of parameter 1
n values of parameter 2
p nonconsecutive timeperiods

Python
Script

7

m*n*p
Mike files

Sensor
Data

ﬁl, m*n*p
M21 Outputs

N

Batch file
to run Mike

m*n*p

parameter
keys

Scatter




Model Running and Validation

Run the model, validate at Roag buoy and second AWAC and monitor
behaviour at other sensors. Model underway, interim results available.

Datawell—[FM

Siadarbuoy g

=N

Bragar buoy. &

£

Roag buoy.

Nortek 1MHz AWAC

X e ;
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& Googleearth




Validation at Roag Buoy

Hmo Tor
Scatter Index: 0.154 0.087
Bias: -17cm (6.35%)  0.19s (2.68%) |
Correlation Coeff.: 0.972 0.928
Measured vs modelled waveheights Hm0 (left) and mean periods T01(right):
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Modelled Mean Period (s)

Modelled Sig. waveheight (m)




Timeseries at Roag Buoy
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Validation at Bragar Buoy

HmO
Scatter Index: 0.143
Bias: -11cm (4.08%)
Correlation Coeff.: 0.969

Measured v modelled Sign. Wave Height at Bragar

> ~ m

Modelled Sig. waveheight (m)
s o

3 4 5 6 7
Measured Sig. waveheight (m)

Modelled Mean Period (s)

Tor
0.086
0.19s (261%) o Bra.gar
0.925

Measured vs modelled waveheights Hm0 (left) and mean periods T01(right):

Measured v modelled Wave Period, TO1 at Bragar




Timeseries at Bragar Buoy
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Validation at Siadar Buoy

Hmo To1
Scatter Index: 0.139 0.090
Bias: -5cm (1.80%)  0.24s (3.24%) e
Correlation Coeff.: 0.968 0.932

Measured vs modelled waveheights HmO (left) and mean periods T01

Measured v modelled Sign. Wave Height at Siadar
10 : ! " ! " v !
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8 s

Modelled Sig. waveheight (m)
Modelled Mean Period (s)

Measured v modelled Wave Period, TO1 at Siadar

(right):




Timeseries at Siadar Buoy
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Validation at AWAC2 m

Pressure and Velocity sensors

Hmo Tor
Sl: 0.172/0.180 0.146/0.117
Bias:  -4cm/-0.3cm(1.84%/0.15%) 0.24s/0.01s (3.33%/0.14%)
Corr.: 0.961/0.961 0.840/0.893

Measured vs modelled waveheights HmO (left) and mean periods T01(right):

Measured v modelied Sign. Wave Height at AWAC2 Measured v modelied Wave Period, T01 at AWAC2
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Timeseries at AWAC
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Validation at Cefas Buoy

HmO
Scatter Index: 0.180
Bias: -37cm (11.48%) -0.11s (1.
Correlation Coeff.: 0.972

Measured vs modelled waveheights Hm0 (left)
and mean periods T01(right):

Measured v modelied Sign. Wave Height at Cefas Measured v modelled Wave Period, TO1 at Cefas
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Modelled values
Modelled values
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Timeseries at Cefas Buoy

Significant Wave Height, Hm0 (m)
A o ® B B

~

Jan Feb Mar Apr May

Timeseries of modelled and measured Hm0 (above) and T01 (below).
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