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Preface

This report presents the preparations done prior to model tests planned for November 2005 focusing
on experimental estimation of the surface loads on the wave energy convert (WEC) Seawave Slot-
Cone Generator (SSG) due to extreme wave conditions. SSG is a WEC utilizing wave overtopping
in multiple reservoirs. In the present SSG setup three reservoirs have been used.

Model tests are planned using a model (length scale 1:60) of the SSG prototype at the planned
location of a pilot plant at the west coast of the island Kvitsey near Stavanger, Norway. The
properties of the coastal area surrounding the planned pilot plant site is also modeled. The tests will
be carried out at Dept. of Civil Engineering, Aalborg University (AAU) in the 3D deep water wave
tank.

The preparations have been carried out by Brian Juul Larsen and Jens Peter Kofoed, AAU, in co-
operation with Espen Osaland, WAVEenergy, Norway (WE). The report has been prepared by
Brian Juul Larsen and Jens Peter Kofoed (tlf.: +45 9635 8474, e-mail: jpk@civil.aau.dk).

The work has been carried out according to a Co-operation Agreement (phase 4) between
WAVEenergy (WE) and Aalborg University, Dept. of Civil Engineering.

Aalborg, October, 2005.
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1 Introduction

The purpose of the tests is to find the wave induced surface loads on the SSG pilot plant when
exposed to extreme wave conditions, ie. the design loads.

The design sea states used in the model tests are found through a study of the wave climate from a
number of different sources, as described in chapter 2.

Based on the hereby obtained extreme wave data for the SSG pilot plant location a test program has
been designed to establish the surface loads on the SSG pilot plant in various relevant sea states, see
chapter 3.

A description of the test setup and the model is made in detail — including a description of the
instrumentation and data acquisition and also the data analysis.






2 Design Sea States
2.1 The NORSOK Method

According to NORSOK (1999) the following sea-state parameters has an annual exceedance
probability of 0.01 for sea-states of 3 hours duration west of the Kvitsoy test site (offshore):

e Hyo=145m

e T,=16s
The maximum single wave height Hj( is assumed to be 1.9 times Hy,o in NORSOK. The period T
used in conjunction with Hjoo should be varied in the following range:

J6.5H,,, <T <./11H,,

H¢o would then be 27.6 m and the T would be between 13.4 sand 17.4 s.

2.2 Statoil Refraction Analysis

Statoil has gathered material on waves from 1955 to 2001. The hindcast data is from grid point
1312. In table 1 the 100 years extreme events of the offshore environment near the test site are
shown to the left. Due to refraction and diffraction in the near shore environment those offshore
conditions gives the conditions on the plateau in front of the structure that are listed to the right in
table 1.

Offshore Plateau

O [°] Hs [m] Ty [s] O [°] Hs [m]

150 10.3 14.0 185 2.5
S 180 11.7 14.8 195 4.5

210 10.8 14.3 225 55

240 10.8 14.3 240 10.5
W 270 12.5 15.2 270 12.5

300 13.2 15.6 285 9.5

330 14.3 16.2 300 5.5
N 0 14.3 16.2 315 2.5

Table 1. 100 years extreme events.

The waves from West (270°) are head-on waves.

2.3 Hindcast Data Analysis

Hindcast wave data from grid points 1261 and 1262, DNMI, has been analyzed with a P.O.T.
analysis. Hs, T, and direction have been measured every six hours since 1955. The largest H
measured are:



A threshold (x’) has been set and 26 uncorrelated extreme wave heights have been identified for
both grid points. In order to be considered as uncorrelated (from two different storm events) the
extreme data has to be separated by more than 12 hours. In figure 1 and 2 the extreme wave heights

Grid Point | Hy[m] | T, [s] | Direction
1261 12.06 15.2 NW
1262 8.61 12.7 W

Table 2. Largest Hs measured.

have been plotted with Weibull's plotting formula. Fi=1/N + 1.
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Figure 1. Extreme data for grid point 1261.
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Figure 2. Extreme data for grid point 1262.

Weibull distributions have been calculated.

F =1—e_(%j
Grid Point A k x’
1261 090 | 1.041 | 8.5m
1262 085 | 1.055 | 6.5m

Table 3. Distribution parameters.

H; with a return period of 100 years then becomes 11.87 m for grid point 1261 and 9.64 m for grid

point 1262.

2.3.1 Comparison between Locations

From November 4™ 2004 to March 11™ 2005 the waves approximately 400 meters west of the test
site have been measured. In figure 3 the 12th of January 2005 (Storm “Inga”) is used to show a
comparison between the data from grid points 1261 and 1262 and the data from the test site.
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Figure 3. Comparison of Hs.

So far the largest observed Hg over half an hour on the test site is 9.77 m reached on the 12th of
January 2005 at 14:30. T,, was 14.8 s. Seen as an average over six hours as with the hindcast data
from grid point 1261 and 1262 the largest Hs is 8.77 m. As it can be seen on figure 4 1262 lies
closer to the test site than 1261. However, as it can be seen from figure 3 data from grid point 1261
seems to give a better representation for the test site. 1262 underestimate the waves and 1261 gives
a slight overestimation. For a conservative approach 1261 should be used.

Furthermore, it was found that the maximum height of a single wave during the storm was 17.78 m.
This occurred at 11.30 where the half hour Hg was 9.29 m (17.78 m / 1.91). If the maximum height
is compared to the six hour H the ratio Hyax/Hs is 2.03, i.e. considerably higher than 1.90 as given
in section 2.1.



@ Testisite
@ 1262

Image © 2005 EarthSat

Figure 4. Global placement of grid point 1261, 1262 and the test site.

2.4 Depth Limitation

West of the considered location the water depth is +100 meters. The plateau in front of the structure
is approximately 300 meters in stretch and the depth is roughly speaking 30 meters on the entire
plateau.

MWL Structure
—
30m Plateau ~1:1
100 m
~1:3
300 m

Figure 5. Rough sketch of the foreshore.

Therefore waves of less than 15 meters can not be expected to break on the plateau. If the waves are
2-7-h

assumed no higher than 0.8 - h and I: =0.142- tanh( j in the near shore environment the

largest possible wave height on the plateau would be 24 meters. In rough the bathymetry can also be
seen from the sea map in figure 6.
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Figure 6. Sea map of the SSG pilot plant test site.
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2.5 High Water Level

The variation of the water level in the region has been measured each 10 minutes all through the
year 2000. The highest level above mean water level reached in one year was 1.54 m. (Reached at
15:50 on the 29" of January).

2.6 Conclusion
The results from the study described above are summarized in table 4.
It is recommended that the structure is tested for wave attacking at two different angels. For head-

on waves the 100 year event at the plateau can be given by wave condition Hy=12.5 m and T, =
15.2 s, based on the Statoil Refraction Analysis.

Hs [m] | Ty [s] | Higo [m] Tioo [s]

NORSOK 14.5 16.0 27.6 13.4-17.4
Statoil

Offshore 14.3 16.2 26.6 13.1-17.1

Plateau 12.5 15.2 233 12.3-16.0
Hindcast

1261 11.9 15.2 22.1 12.0-15.6

1262 9.6 12.7 17.9 10.8 - 14.0
Test site 8.8 14.8 16.4 10.3-13.4
Max on plateau 24.0 12.5-16.2

Table 4. Summary.

The waves attacking from a SW direction is not considered to be critical, although the waves from
these directions are larger than the ones from a NW direction. This is due to the local bathymetry at
the location of the structure which shelters the structure from the waves from a SW direction.
Therefore, it is recommended that tests are carried out with oblique waves from the northern side
where the largest and most critical fetches are between 270° - 315° (W — NW). According to table 1
it would be on the safe side to test waves in an angel of 315° with Hg up to 5.5 m.

Based on the available tide information the extreme wave condition should be considered with a
water level at least 1.54 m above normal. However the data referred to in section 2.5 only covers
one year. Therefore it is recommended either to obtain tide data from a longer period of time or to
perform tests with a conservatively estimated high water level of 1.75 m.

11
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3 Test program

Based on the previous section a program for the wave tank tests is proposed below. The programme
has been designed to ensure that data is available to allow a good estimation of the surface loads
corresponding to the design 100 years wave event. As it can be seen it is suggested to perform tests
with a number of target wave conditions and not only exactly the 100 years wave event. This is
done in order to allow comparisons of the laboratory data to measured data from the pilot plant once
it has been build, also if the unlikely 100 years event does not occur during the prototype testing.

It is furthermore suggested that the tests are carried out with head-on and oblique waves, with
various levels of directional spreading of the waves.

The test program is showed in table 5 on the next page.

In the column “Direction” the words “Front” and “Side” appear. “Front” means waves attacking
head-on on the front of the structure — directly from West (270°). “Side” means waves rolling in on
the side of structure — from North-West (315°). In all tests a JONSWAP spectrum with a peak
enhancement factor of 3.3 is used.

Due to a limitation in model size, two pressure cell configurations are needed. Therefore, the used
wave signals are stored and reused from configuration number one to configuration number two.
Each of the 32 tests is thereby made twice. The duration of each test is 1800 s in model scale,
corresponding to ~1.000 waves.

As the testing progresses the obtained results might show a need for adding a limited number of
tests, and/or show that some of the planned tests are obsolete.

13



Testno. | Hy[m] | Ty [s] | Water level [m] Direction | Wave field n
1 7.5 12 30 Front 2D
2 10.0 14 30 Front 2D
3 12.5 15 30 Front 2D
4 15.0 16 30 Front 2D
5 2.5 8 30 Side 2D
6 5.0 10 30 Side 2D
7 7.5 12 30 Side 2D
8 10.0 14 30 Side 2D
9 7.5 12 31.75 Front 2D
10 10.0 14 31.75 Front 2D
11 12.5 15 31.75 Front 2D
12 15.0 16 31.75 Front 2D
13 2.5 8 31.75 Side 2D
14 5.0 10 31.75 Side 2D
15 7.5 12 31.75 Side 2D
16 10.0 14 31.75 Side 2D
17 7.5 12 31.75 Front 3D 4
18 10.0 14 31.75 Front 3D 4
19 12.5 15 31.75 Front 3D 4
20 15.0 16 31.75 Front 3D 4
21 2.5 8 31.75 Side 3D 4
22 5.0 10 31.75 Side 3D 4
23 7.5 12 31.75 Side 3D 4
24 10.0 14 31.75 Side 3D 4
25 7.5 12 31.75 Front 3D 10
26 10.0 14 31.75 Front 3D 10
27 12.5 15 31.75 Front 3D 10
28 15.0 16 31.75 Front 3D 10
29 2.5 8 31.75 Side 3D 10
30 5.0 10 31.75 Side 3D 10
31 7.5 12 31.75 Side 3D 10
32 10.0 14 31.75 Side 3D 10

Table 5. Proposed test program.

14




4 Model test setup

The model is made in scale 1:60. The tests are taking place in a wave basin with the dimensions
15.7 x 8.5, maximum water depth ~ 0.70 m.

4.1 Description of bathymetry
In rough the bathymetry near the test site is as sketched on figure 5.

e Offshore water depth of +100 m.

¢ 300 m plateau.

e 30 m water depth locally.

e 1:1 slope directly in front of the SSG unit.

The bathymetry of the plateau is approximated as a horizontal seabed with a water depth of 30 m.
The bathymetry in the immediate proximity of the pilot plant has been surveyed and the results here
of has been presented in 3D drawing by WE. These data are shown in figure 6 and are used as the
basis for the laboratory model.

View from above.

Figure 7. 3D drawing of local bathymetry.
15



Outside the plateau the water depth is modeled as 39 m. 146.4 m of the 300 m plateau is being
build. A piece of 70 x100 m of the cliff that the SSG is located on is being sculpted as described in
the following.

4.2 Build-up of the model

The setup is made in scale 1:60. A 3D model of the cliff at the SSG pilot plant location is build in
concrete. The model of the cliff is 1169 x 1670 mm and the heights are as listed below in mm:

e f 9 h i i k |
150 182 225 373 400 473 525 633 15
150 197 283 375 508 567 583 632 14
150 217 2438 442 538 585 608 650 13
150 203 382 502 603 625 642 683 12
150 275 395 547 608 625 642 650 11
150 348 422 572 642 650 650 650 10
150 257 402 517 617 633 650 718 9
150 282 395 512 652 707 673 733 8
150 248 400 617 692 728 707 775 7
150 302 353 547 692 733 733 775 6
150 350 365 542 667 733 733 733 5

Table 6. Heights above wave tank floor.

16
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Figure 8. Grid seen from above. All measures in mm.

Figure 9. 3D model of the grid. (Combination of table 6 and figure 8).

The 1:60 model of the SSG unit is made of clear plexiglass, see figure 10. All plates are 6 mm
thick.
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. 471 %96

WX NN AW

Figure 10. Picture and drawing of model.

The model is crafted by technician Kurt S. Serensen and checked by Brian J. Larsen. The entire
setup with SSG unit, cliff and plateau placed inside the wave tank is shown in figure 10.

18



Plate elements:
A. 474 %2815

B. 474 *4410

@ C. 474 %2815

D. 2440 * 3660 (3 * 2440 * 1220)

) Absorbing stone beach

Wave paddles
@

©

Place the set-up as well as possible 2 m from
the wave padles in the middle of the basin

f f f f ! All measures are in mm

2000 450 2440 1169

96
500
I 150 Absorbing stone beach

Figure 11. Drawing of set-up.

Wave paddles

The three slopes between the plateau and wave tank floor are 1:3.

The set-up is made by technicians Kurt S. Serensen, Jorgen S. Serensen and Niels Drustrup and
checked by Brian J. Larsen.

4.3 Wave generation

The waves are generated with 10 snake-type wave paddles driven by hydraulic pistons placed in
one end of the wave tank. In the other end of the basin there is an absorbing stone beach. The wave
machines are controlled by the wave generation software package AWASYS 5. AWASYS 5 is

developed by AAU.

19



4.4 |Instrumentation

The pressure is measured in a total of 25 positions on the SSG unit. The rather small model scale
1:60 results in a model of the structure with very limited space inside which — because of the
physical dimensions of the pressure transducers — means that two different configurations are
needed.

First Configuration

Side view O g =

Center line D/ 0 !-I
/ O
/m O

Second Configuration

Side view

Center line j H
2 °
Z i
Figure 12. The approximate position of the 14 pressure cells are marked with red and green. The

three marked with green are not moved from one configuration to another. They are used to
compare the results from the two configurations.

20



Kulite Semiconductor pressure cells are used to measure the pressure on the SSG. The rated
pressure of the cells is 1 bar and the maximum pressure is 2 bar. The sensitivity ranges from 74.249
mV/bar to 84.179 mV/bar.

Figure 13. Kulite Semiconductor pressure cell.

The transducers have been calibrated by the factory (see certificate example, figure 14) and the
calibration parameters are checked prior to the model tests.

" @KULITE SEMICONDUCTOR

CONNECTIONS:

7% Ohma

Figure 14. Calibration certificate for Kulite Semiconductor pressure cell.
21



The waves are measured in a 7 point CERC wave gauge array placed on the plateau.

Figure 15. Position of wave gauges.

4.4.1 Calibration

All pressure cells are calibrated before they are mounted on the model. Water columns of three
different heights are used as loads. After the pressure cells have been mounted their functionality is
double checked.

All wave gauges were calibrated daily. The sensitivity ranges around 0.06 m/volt. The accuracy of
the given wave heights are estimated to be = 0.002 m in model scale.

4.5 Data acquisition and analysis

The signals from the pressure cells are sent to a MGC-plus device and sampled with Catman. The
post processing of pressure data is done using custom made routines and results in average and
extreme surface loads on the structure.

The wave signals are sampled and analysed with WaveLab 2. WaveLab 2 is developed by AAU. 2D
reflection analysis are performed using the Mansard and Funke method. For the 3D wave analysis
the BDM procedure in WaveLab 2 is used.

22



5 Summary

For head-on waves the 100 year event at the plateau can be given by wave condition Hy = 12.5 m
and T, = 15.2 s, based on the Statoil Refraction Analysis. The largest possible wave height is 24 m.
Waves from a 100 year event at the plateau hitting the SSG unit on the side can be expected to have
aHgupto5.5m.

The structure is tested using both 2D and 3D waves with an angle of attack of both 0° and 45°.
Waves between Hy = 2.5 m, T, = 8 s and Hy = 15 m, T, = 16 s are tested and both normal water
level and 1.75 m high water level is tested.

The model tests are performed using a length scale of 1:60.

The wave induced pressures on the SSG unit are measured in 25 different points.
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