institutt
met.no

True Sea State....?

Comparing Different Sensors and Analysing Techniques

Anne Karin Magnusson
Norwegian Meteorological Institute, met.no
Bergen

1 Wayve Worksnop, Elayail’s Big [sland,

Oct. 50 —11Tov. 4, 20

—



Wave measurements from Ekofisk

View from helicopter landing on 2/4-H, view towards east (old platforms in
foreground, new platforms towards east. 3 jackups on site as well.
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kofisk 56.5N 3.2F

Datawell WaMoS on Ekofisk 2/4 k

Wave r]der Courtesy of K. Reichert at Oceanwaves (www.oceanwaves.de)
Heave buoy
(2Hz
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Analysis of measurements

Data recorded in a system at 2/4-K :
¢ 5Hz data from LASAR (4 lasers, ’H1’ or ’"H1-5HZz’,’H2’,’H3’,’H4’)

Data recorded in a system at 2/4-H in the 'EMS- system’ (Environmental
Monitoring System) :

¢ 2hz data from Waverider ("WR’,hz1)

¢ 2hz data from LASAR (down sampled from 5Hz data from H1 by EMS
system provider (presently MIROS) (’H1-2Hz’, hz2)

¢ 2hz data from MIROS RANGE FINDER (’MRF’,hz3)
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Motivation for study

¢ A ’true sea state” is needed for validation of wave
forecasting models and wave forecasts

¢ This "True sea state” is difficult to assess -
especially with many sensors around!

Experience from forecasting and monitoring:

> Some large differences are seen in Hs (as much as
20%) between the different sensors

> Also a problem: Hs has very high variability within
20 minutes measurements
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Results

¢ Comparing measurements (sensors) demands careful analysis and
sorting of data to avoid sheltering effects

¢ Downsampling of Laser measurements from 5Hz to 2 Hz on height
distributions seems not to be too much influencing height
distribution (but front steepness!).

¢ Skewness of laser data is higher than the MRF. Waverider has
low, as expected (0.08).

¢ Comparison of front height and crest steepness of highest waves
from the three sensors is shown at end for case with Hs = 4m and
probably (!) no sheltering effects.

Maximum Crest front steepness:
LASAR: 0.45, WR: 0.35, MRF: 0.28
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References

WACSIS: Wave Crest Sensor Intercomparison Study

¢ A Joint Industry Project (JIP) by SHELL Global Solutions U.S. and IFREMER

¢ Dec 1997-may 1998: a set of wave sensors were mounted on the Dutch
Meetpost Noordwijk measurement platform ( on coast of the Netherlands)

2 Baylor wave staff

THORN wave height sensor (an upgrade of the EMI laser)

MAREX SO5 wave radar

Vlissingen step gauge and Marine 300 step gauge

directional waverider buoy

SMART 800 GPS buoy

WAVEC directional buoy

S4ADW current meter and pressure sensor

L 2 L 2 N

¢ Report, January 2001: Marc Prevosto, George Z. Forristall, Sylvie Van
Iseghem, Benjamin Moreau
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DATA : 20 STORMS CASES FRON

(From 11th Wave Workshop, Halifax)
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Comparison of Hs in 20 sto

LASAR vs Waverider

r' 12 T T

Significant Wave Height Jan2007-Oct2009

Mr Y= 093.X+ 065

10+ Nb = 3036
Cor=0.88

LASAR

0-12m

Hs

Waverider

A 12 T

Significant Wave Height in storms Jan2007-Oct2009

MM Y= 091.X+ 071

Nb =3217
Cor=0.88

o

LASAR

0-12m

Hs

1 1 1 L 1 1

2 4 6 8 10
Waverider

Hs: 0-12m

MRF

Miros MRF vs Waveé

Significant Wave Height Jan2007-Oct2009
12 T T T T T

Mr Y= 080.X+ 079 1

10l Nb = 3036 ]

Cor=0.87
ol x ]
sk ]
w 1
['4
= 4l ]
5L ]
4+ i
3l ]
ol ]
1 . . . . .
2 4 6 8 10 12
Waverider
Significant Wave Height in storms Jan2007-Oct2009
12 T T T T T
_ 1.1
1Mr Y = 081.X+ 078 1
10l Nb =3217 | 1
Cor=10.86 0.9
or L] ]
s - 0.8
L - ]
-
= .;. 07
7+ - m 4
- - 0.6
&l
0.5
5l L] 1
0.4
a4t J
03
3l
02
ol ]
01
1 . . , . .
2 4 6 8 10 12
Waverider

Hs: 0-12m

9 12th Wave Workshop, Hawaii’s Big Island, Oct. 30 — Nov. 4, 2011



Results (Halifax)
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Comparison of Hs

qq-plot
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Nb of cases

<Hs> m
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We expect

S TTRRSRR———

® Exceedance of sea spray in waves coming from sector [ 215- 250], a 35° sector

* Open sector: waves coming from 160-215 + 250-030
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MAX. MOVEMENTS. IN MILLIMETRES

ELEVATIONS SHOWN RELATE TO PLATFORM 2/4K
AND B DATUM. FOR RELATION OF 2/4K AND
2/4B DATUM TO LAY. SEE OWG. FOSD-36-PL-1999.




Looking for directional depende

MRF: MIROS Altimeter
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Searching for a common open ("eX

The sea spray sector
\ Percentiles of relative difference, LASAR vs Waverider

40 | | | | ‘

305 Percentlles[2525 50?5 975] S S
10
0 : :

10 e S| — e e 7 |

20+ | | *

-30 : | ' :

5%+ 0% ] Tshift of +3 %

(Hs2-Hs1)/Hs1*100

i | i |
S SSW WSW W 1NW NNW N NNE

Percentiles of |elative differerfce, MRF vs Waverider
40 | |

oL ______P_e_r_c_e_nt;iles:_I2_.5__,__2§__,_5_0__, 75 975] In ’open sectpr’ the MRF
20" “has slightly lower <Hs> (3-6%)
i _Still mostly negativ.

(Hs3-Hs1)/Hs1*100
=)

S SSW WSW W WNW N|\||W }\l NNE
180 210 240 270 300 330\ 360 030

Suspect lee effects for dd>300
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The ’open sector’ is

EKOFISK WIND AND WAVES 08-Nov-2007 - 10-Nov-2007
T
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Draupner 1.1.1995 (d >100m) Andrea 9.11.

Hs =11.9m Hs =9.2m
Crx =18.5m - Crx/Hs = 1.55 Crx =15m - Crx/Hs = 1.63
Hmax/Hs = 2.15 Hmax/Hs = 2.3 (2.5 after crest)

20

The Draupner wave, 1. January 1995 The Andrea wave, 9. November 2007
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LASAR (hz2) 2007-11-09 UTC: 00 - 01
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EKOFISK 20071109 UTC 00-01

15

I
H1(5Hz) : Hs=

H1(2Hz) : Hs=

9.30m ; Crn¢= 14.98 m ; Crx/Hs= 1.610 ; skewness=0.3463

9.29m ; Crx=

14.63 m ; Cnx/Hs= 1.575 ; skewness=0.3251
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EKOFISK 20071109 UTC 00-01

| | | | | [
15 - -

Some other problems to overcome:
1. Time shift varies between 20 min series

2. The 2Hz series have ’funny’ starts |
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Results: Wave heights

¢ Wave height, crest and trough probability
distributions

1. LASAR H1 : 2Hz and 5 Hz differences

2. 3 sensors:
LASAR 2Hz
MRF (Miros range finder)
WR (waverider)

A: Andrea storm 00-01 UTC
B: Andrea storm: 8/11: 13.30 - 14.30
(C: Andrea storm: 9/11: 06-12 )
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A: Andrea storm
00-01 UTC

¢ Laser (5Hz)
¢ lLaser (2Hz)

Ekofisk 20071109 00-01 UTC
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A: Andrea storm
00-01 UTC

¢ Laser (2Hz)
¢ Waverider
¢ MRF

Ekofisk 20071109 00-01 UTC
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westerly direction (285°) b e

¢ Distributions of MRF look
normal (highest values above
Rayleigh fit), but show still -
lower Crests (and Heights)
compared to WR and LASAR
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Steepness
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Hypothesis regarding

* Not all differences are due to local effects (sheltering,
too much sea spray...)

¢ Some are due to too strict quality control on raw data
2 Limiting steepness?




Conclusions

¢ Different measuring techniques
give different wave statistics. (this
is common knowledge?)

¢ The question is if it is because of
sheltering effects only!?

¢ Waverider data, although
unskewed, give good Hs up to 9m

(.. ?)
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in the evening
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