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An analysis of the wave climate at the offshore boundaries of the Forth and Tay
Modelling System (FTMS) was required for two principal reasons:

n to provide FTMS model boundary inputs in the form of time series, for
calibration and validation of the spectral wave model; and

m to provide FTMS model boundary inputs in the form statistical wave
climate tables, for undertaking the long-term metocean and coastal
processes assessment.

The wave climate analysis used hindcast model output from the UK
Meteorological Office (UKMO) 12 km UK Waters model (up to November 2008)
and 12 km Wave Watch Il model (from December 2008 onwards). Data from
these models were amalgamated into a single time series to form 11 years of
wind and wave data spanning the period March 2000 to April 2011.

Data were obtained for two selected locations (UKMO model grid points) on the
eastern offshore boundary of the FTMS. During calibration and validation of the
FTMS spectral wave model, time series inputs were required in order to run
discrete events through the FTMS wave model. Both of the UKMO model grid
points were used in order to provide temporally and spatially varying boundary
conditions. Conversely, for the metocean and coastal processes assessment, it
was necessary to model the general long-term wave climate, rather than
specific events. In order to do this, data from just one of the UKMO model
locations were used (named Grid Point 1, at location 488161E, 698382N). This
location was selected as being the most suitable for delivering an accurate
representation of wave conditions across the Inch Cape Development Area,
Offshore Export Cable Corridor and the Regional Study Area.

In order to identify a set of boundary conditions that could be used to
adequately represent the long-term wave climate, the time series data for
UKMO model Grid Point 1 were initially analysed using a set of joint frequency
tables. The five parameters analysed were:

] significant wave height (Hs), analysed in 0.5 m bands;

m peak wave period (Tp), analysed in 0.5 s bands;

m mean wave direction (Hgi), analysed in 16 sectors of 22.5°;
(] mean wind speed (Ws), analysed in 1 m s bands; and

n wind direction (Wg) , analysed in 16 sectors of 22.5°.

The following joint frequency tables were produced:

n Hs versus Hgi;

n Hs versus T, for each Hg; sector;

n Hs versus Ws for each Hy; sector; and
n Hgir versus Wy;.

Frequencies were calculated as percentage occurrence.

From the frequency analysis, two main types of scenario were identified. Wave
conditions at the Inch Cape Development Area from roughly the eastern
hemisphere are caused by waves propagating into the model domain from the
North Sea. Conversely, waves from roughly the western hemisphere are
caused by wind blowing over the sea between the coast and the Regional
Study Area.
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INCH CAPE OFFSHORE LIMITED Intertek
ANNEX 10.3 WAVE CLIMATE ANALYSIS METHODOLOGY

For the waves coming from the eastern hemisphere, a number of combinations
of Hs, T, and Hg: were selected that would fully represent the various
combinations of these conditions that could occur throughout the lifetime of the
development. For each one of these wave conditions, a suitable wind speed
was also chosen, based on the observed relationship between wave height and
wind speed. Finally, the wind direction was set equal to the mean wave
direction, since analysis of the UKMO model data demonstrates that these two
parameters are strongly correlated.

For waves coming from the western hemisphere, it was primarily necessary to
specify wind speed and direction. Once more, a suitable number of wind
conditions was selected based on the calculated joint frequency distributions of
W and Weir.

This analysis initially resulted in the identification of a large number of scenarios
representing the wave/wind climate — primarily wave-driven from the east, and
primarily wind-driven from the west. Each one of these scenarios has an
associated frequency of occurrence. In order to focus on the scenarios of most
significance to the metocean and coastal processes assessment, emphasis
was placed on:

n those scenarios with a relatively high frequency of occurrence; and

(] those scenarios of potential importance to the wider study (e.g. higher
wave heights and longer periods, which are most likely to affect sediment
movement at the seabed in the relatively deep waters of the Inch Cape
Development Area).

Scenarios with similar values for wave height, period and direction were
grouped together, so as to minimise model runs times while ensuring that the
full long-term wave climate was suitably modelled. In this way, 196 separate
model scenarios were identified, each with an associated frequency of
occurrence, and each with a specific Hs, Tp, Hgr, Ws and Wy, The 196
representative wave/wind conditions were modelled using a quasi-stationary
solution to the spectral wave model, whereby each condition was modelled
discretely. The wave conditions predicted across the study domain were
subsequently analysed to determine the percentile values (50, 90, 95 and 9
percentile) for significant wave height, taking into account the percentage
frequency of occurrence for each separate model scenario.

Table 10A.3.1 provides the results of the joint frequency analysis of the UKMO
hindcast model data (Grid Point 1).
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Table 10A.3.1. Joint frequency analysis of UKMO hindcast model data for Grid Point 1

Total obs. 31845
Wave Direction (°) upper

Hs (m) upper 45 90 185 180 225 270 315 360 Total
0.5 0.87 0.28 0.34 0.25 0.18 0.14 0.06 0.74 2.86

18 5.29 1.62 215 2.61 2.28 2.03 0.63 3.12 19.74

15 B2b 1.93 2.27 3.25 2.89 3.36 0.68 3.23 23.86

24 4.16 1.70 2.04 2.66 2.27 3.58 0.45 2.68 19.54

25 2.59 1.18 1.48 1.76 1.83 2.07 0.25 2.19 1336

3.0 1.42 0.68 1.19 1.36 1.27 1.25 0.19 127 8.63

3.5 0.81 0.41 0.73 0.97 0.75 0.41 0.03 1.05 515

4.0 0.52 0.19 0.48 0.52 0.46 0.21 0.02 0.59 2.99

4.5 0.47 0.17 0.27 0.34 0.23 0.08 0.02 0.31 1.88

50 0.18 0.07 0.19 0.19 0.14 0.01 0.00 0.28 1.07

548 0.05 0.04 0.13 0.07 0.07 0.00 - 0.19 055

6.0 0.08 0.01 0.05 0.03 0.03 0.00 - 0.04 0.24

6.5 0.05 0.01 0.01 0.01 0.01 - - 0.01 0.08

7.0 0.01 - 0.00 0.00 0.01 - - 0.02 0.05

79 0.00 - - 0.00 - - - - 0.01

8.0 - - - - - - - - -

Total 22.75 8.30 11.33 14.01 12.41 13.15 2.33 15.71 100.00
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Wave Lir () 045
Total obs. 7246
Tp (s) upper

Hs (m) upper 30] 35| 40] 45] 50] 58] 60] 65| 70| 75] &0] 85 90] 95] 100] 105] 11.0] 11.5] 120] 125] 130] 135] 140 145' 1so| 155] 16.0] 16.5] 17.0] 17.5] 18.0] 18.5] 19.0] 19.5] 20.0] 20.5] 21.0] Total

05 | 0.01] 0.07] 0.10] 0.12 037] 0.21] 0.17] 040] 025 001 041] - oo 023 | oo1 - 0.03] 0.08] 0.01 s d = : J 3| ;] s < - 382

0 [ 001 076] 204] 003 422|079 061 3.ga| 0.21| 0.26| "ﬂl 003 i 2' | 003 R -| 098] 0.01[ 001 | 001 | 028 | 001 ] 3 K [ 2324

5 ) | 003 021] 008 099| 664] 058 023| 3.66] 004 0.10] 0.03] 2.19 | 008 z | 109 2 ] : : |04t ’ g 7 B -| 001 27.48|

20 B 3 [ 001 002 068 478] 0.87] 032 311| 029] 026] 0.04| 1.79 - 003 z | 080 = g 0.14 - g Z = 3 1830

25 . ;] 3 F 3 017 2.a3| n.sgl 0.2&' 232[ 0.15] 023 oml 35| 0.03| o.o’sl - [ 059 B B E [ 014 2 3 ] ] - 001 _11.40

3.0 = B . - 022| 164| 0.14] 017] 132| 0.15| 025] 003 D69 | oot | 001| 0.28] 008 - 622

35| . B B 2 B 011 126] 015 o.wl 086 | 004| 004 o.4§| 0.01| 001 0.01] 011 B B - ] 3 ] B B 386

4.0 g = B ] g a 2 B g -| 05| 0.03] 0.62] 0.10] 0,04 0.92] 0,03 0.06 | 029 5 - | 0.0 ] B 2 2 g - g g g 1 226

a5 2 = z r 7 = B B T = [ 003 0.12] 0.15] 0.1 1.2_4| 0.06] 0.10 1 022 5 = | 004 ] . 2 3 Z ] 5 ’ . 207

5.0 ] ;] ] ;] J . = - E E | _001] 001] 007] 055 0.01 B 012 - - oot - 2 E H ;] B ] E 3 ;] 0.80

55 - - : - A z = - = - g B . 0.07 . 0.14 - B - 3 0.21

6.0 g J 5 F ) g . = g 5 - 3 5 2 2 z = B CEE Z ;] . ] 2 B : - - 5 5 - ] 3 g 038

65 2 B B z B 2 2 - 2 B o E B B E - 5 - | 018 = Z | 001 | : g - : - g - ] g o021

7.0 B ] ;] E ] - B 4 B ] - E p - - - - - | 0.06 - - - E - . - ;] ] ] -] ] A ;] 606

75 J g 3 E = g E = 3 g 4 p 5 E - < 0.01| ;] 2 _oo1

Total | 003] 086 236 0.26] 454] 106 923 157|1457| 257] 2909|2186 284] 1.67|1651] 0.73] 1.05] 0.19] 9.65| 004 018 | 008 403 003 001 | oo1 1105 | oo 2 - -| 0.03[100.00
Wave Dir (%) 4890
Total obs. 2642

Tp (s) upper

Hs (m) uppe 30 35] 40 45| 50| 55| 60] 65 7.0 75| 80] 85| 90| ©5] 100] 105] 11.0] 11.5] 120] 125] 130] 135] 140] 145] 150] 155] 16.0] 165] 17.0] 17.5] 18.0] 18.5] 19.0] 19.5] 20.0] 205] 21.0] Total]

05 3 [ 019 064] 042] 083 0.26] 061 0.04] 0.23] 0.08 004 - - - . - * | 008 - - - _I B . B - - : ] 3 3 3 R 1 341

1.0 | 05| 1.17] 295] 0.19] 3.79] 0.68] 4.92] 048] 3.26] 0.11] 0.08] 1.32| 0.08] 0.11] 0.08 v B | 004 > | 004 | 0.08 5 S ] - = S E | 004 3 1857

15 3 - 004] 057] 008 363] 023 348 061] 825 076 030 450] 0.26] 0.04] 053] 0.04 = = E = B : g ] 2 ] B ] ] 3 B g B 2332

20 B B 5 | 015] 0.30] 008| 3.71] 026 511] 212| 057| 606 0.04| 0.08] 197] 0.04] 004 = B - - ] 2 S | | g ] g B ) B | 2051

25 B 3 d 2 g Z | 045] 026] 431| 079] 110| 439] 0.19] 0.08| 238 -| 004| o08| 019 3 3 2 g 14.27

3.0 3] ] i 4 ;] | 0.04] 0.04 [ 151] 0.19] 048] 280] 019 1 254 - | 0.04] 0.30 - s E ; B E - : . ;] 3 ;] 2 3 1 814

35 3 . 3 4 3] . . 4 | 0.0/ [ 023 1.78] 0.9 | 185 | ooa [ 076 5 s 5 6 s 3 = : ] 3 N 5 g 488

40 . B - - . - - 0.0 E | D.08| 0.08] 049 0.23] IS - - | 045 - - ] - ] - | ;] ;] - - ;| ] 231

-1.51 B ] B F B 2 B = | 0.04] 004 | 008| 023 | 08 - 5 | 072 E ) ] 2 g - - g 2.01

50| 5 < B 5 = B B B 3 = 4 2 018 02 < - 0.42) = 2 ] 2 2 g g o8

55 ] 3 ] . 3 3 ] s p J i - 4 ; o5 - E | 034 < - B F 3 A 3 3 J] . d 3 A o049

6.0 d Z 2 p A ] J 8 4 2 p P E 4 P 3 2 = | 015 p ] d " ? 3 g 015

65 B = = 2 B 2 B = B 2 2 2 B = B z E = 011 5 2 = = B ] : ’ F = ] ] g B o011

7.0 B ] B z B 3 2 B £ B 5 3 B 2 ) ) E E = E - - S E d - g 3 g g 2

8.0 3 ;] ] ] ] - . ] B E - P . - - > - - - E = - - - ] s s E - : = - s ;] s A ;] %

Total| | 015 140] a16] 083] B855] 1209|1325 1672275 4.16] 284|2146| 159] 0.30|11.58] 0.08] 0.11] 0.11] 248 008| - 004 [ o0g] ] - - - - 004 - 100.00
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Wave Dir () 91-135
Total obs. 3608
Tp (s) upper

Hs (m) upper 3.0] 35 75 80 85] oo[ o8] 100[ 105 Ti0[ 115 120 125[ 130] 13.5] 740 145] 15.0] 15.5] 16.0] 16.5] 17.0] 17.5] 18.0] 18.5] 19.0] 19.5] 20.0[ 205 21.0] Totall
0.5 ] 022 0.11] 0.03 F 3 _I ] 003 | 0.08 - | E _I -] _I - ) ] 4 3] ] 3 ] 297
10 | 0.08 1.50] 0.06 -| 0.50] 0.06] 0.14] 0.03 -| 003 -] 0.0 | 006 - 4 3 . 2 " . d 1 18.09
15] B B 516| 008| 0.14] 180 011] 0.08] 014 | 008 - - B B B 3 B 20.07]
20 2 ] 549] 067| 0.08] 319] 0.11] 0.03] 025 | 0.06 2 ] B 2 2 R g : 5 - | 18.02
2.5 7 J 7.37] 1.03] 0.30] 269] 0.0 ] 033 2 B < g g - g 2] g - J 3 ] f C ] | 13.08
30 B s z.asl 1.33| 030] 485 006] | 044 . = = E 2 . ] = E p g é B . B Z g 1048
3.5 B 0.30] 053] D61] 4.13] 003]| 0.06] 069 - = = = = - - : - 2 ] - g 6.43
4.0 E - g - - E - | 0.06] 0.39] 0.38] 227 014] 003] 100 2 2 z - " g g : ) 4.27)
a5 P ) B 3 B A A 2 3 [ 0.03] 0.11] 049] 0.11 1 191 2 . | oos| - . B i 7 A P F 3 A ) . B ) | 1 241
5.0 - - - . - . . . . . -| 0.06] 0.17] 0.44 1.00 0.03] . . | 169
5.51 J A 2 3 3 P 2 p F P | 003[ 022 | 067 = 019 d ] ] 1 111]
6.0 P ] - g - " - 2 : ] 2 2 | 006 | 003 ) 2 ] 033 2 ] 5 = B 3 F B . ] 3 = - ] 0.42
65 . B 2 B 2 g < Y ] z 2 - A 2 2 - | 0.06] 2 ] = z a B A B J z 0.0§|
7.0 5 B B 4 2 - B . 7 . - 4 - i = ) £ | 003 5 2 2 . B - K g g s . 2 B ) 0.03
E z 3 4 5 3 B F E 3 3 3 . = 3 F R = B = 2 3 2 : 4 3 4 . 3] 3 . 7 3 3 A 3 3 o
Total | 0.30] 158 504 0.89]13.36] 2521588 2.02|2287| 4.13] 200 19.62] 1.36] 0.33] 651 [ 025 0.03] 083 0.03] 0.06] 0.06] 0.03] -] 0.06] -] 0.08| ;] . ;] ;] ;] . -[106.00

Wave Dir () 136-180

Total obs 4462

Tp _('5_! upper

Hs (m) upper. 30| 25| 40] 4 s.q 55 60| 65 70] 75] 80| 85| 90] ©5] 100] 105] 11.0] 11.5] 120] 125] 130] 135] 140] 145] 150] 155] 16.0] 165] 17.0] 17.5] 18.0] 18.5] 18.0] 19.5] 20.0] 205] 21.0] Total
0.5 -| 025 056] 0.58] 0.09] 0.09] 0.04] 0.02] 0.04] 0.02 A p - 2 | 002 E E | 002 S - | : z - : p - d : g 3 ) 1.77
10 013 3.05| 735 069 457 040] 132| 013] 054 - 007 0.13] 0.04 R - [ 002 - | 002 B R [ 002 [ 002] 009 002 ] : ] g 3 3 3 18.65
15 ] | 0.08] 158] 1.21]11.16] 0.87] 511] 0.29] 1.61] 0.09] 0.16] 0.78] 002| 0.07] 0.07 | 002 - | - - B | 004 3] ] - ;] ] ] 3] 3 3 ] 23.20|
20 ] s | 0.47] 1.70] 117/10.35] 0.31] 3.20] 0.16] 013] 1.21 002 009 013 002 - = - 18.96
2.5 A = - | 002] 0.16] 063] 1.43| 0.09] 867] 0.18] 0.04] 094] 0.02 | 027 | 0.09 = E P % ] 3 3| E 3 3 n ] 5 3 H g ] | 1255
3.0 A S - 2 | 0.02] 0.11] 045] 043] 397 0.31] 0.11] 3.88 2 | 036 | 0.04 S - = 2 3 = B 3 - g 3 R J 2 B | 968
35] g P 7 P z d -[ 0.02] 063] 063] 031] 013] 545 2 027 2 = P E P = 3 g . 2 3 z | 650
40 ;] - = - - E [ 004] 031] 040] 011] 226] - 061 - = - = = - ] - B - 3 B d - g 2 - g 74
45 d : - g 2 - g B 2 | 022 0.16] 049 - 152 2 | _0.02) 5 - - ) g B - ] ) . 3 - ) | 242
50 T 1 1 1 4 1 1 4 1 oo [0 I 7 T T 7 T T Y (T T 37|
55 B 2 - 2 ) B E B B = - 0.02| 002] 009 0.31 - 0.02] B B B 2 0.47,
6.0 B 3 ) g - S g = Z = - i | 004 | 007 i 0.08] : 3 7 020
6.5 - - ;] ] R - - - - - - : 3 - - - - - | 0.04 - - -] - -] R | ;] - - - 4 ;] 1_oco4
7.0 B 3 B ¥ B B B = B = 2 2 B 2 = : 0.02 ] g ) 1002
75 B = B g - B B 2 B B 2 5 - = = . B 0.02 5 : B B B ) 0.02,
8.0 - B - g - 2 f 2 - ] - 3 - 2 : = - - E 8 < 2 | = =] 4 : g d - - ] 3 - :
Total - 028 370 652] 249|17.71] 323|18.71] 143|1696] 168 101|1517| 025 06| 491] 002 018 | 025 002] | | | 002] 004] 002 009 002 | | J | | ] | 10000
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Wave Dir () 181-225
Total obs. 3952
Tp (s) upper
Hs (m) upper, 30| _35] 40| 45 60| 65 70| 75 B0 85] 00| 95| 100 10.5] 11.0] 11.5] 12.0] 12.5] 13.0] 13.5] 14.0] 14.5] 15.0] 155] 16.0] 16.5] 17.0] 17.5] 18.0] 18.5] 19.0] 19.5] 20.0] 20.5] 21.0] Total]
05 | 033] 051] 018 0. 0.05] 0.03] 0.03] 0.03 - - (fl - E | 005 0.03 | 005 - _I - 1 . - : - : z E - = 1.42
10| 003 048] 364|11.34] 008 215 005 025 003 005] 003 0.10 003 010] - = B - - - = 003 - _I | 003 2 = S B - = | 16.40
15 B 008| 352 124[1488 0,05 273] 0.05] 0.30 u.osl o.osl u.osl 0.03] 0.03] 0,05 0.03| 003 3 = 003 - 0.03 | 005 x = B - g 2328
20 - - [ 005 154| 2.0?| 0.33] 12.80] 0.03] 1.06] 0.10 - 0.05] 003 0.03] 0.13 | 003 X E N | 003 = E . 2 > . = z Z x ] . 1637
25 B - | 003| 066] 0.89] 240 0.03]1032 0.05 005 0.25] 0.05 [ 003 z - z L 2 2 - - F - P < 2 S = E = - 14.75
0 2 - - = | 003 0.33] 0.23] 0.35] 7.24] 0.08] 0.08| 1.82 : = 2 - 003 : - - - - 5 - 5 - - 3 = - = | 1027
35 = | 005] 0.13] 0.10] 0.58] 0.03 = '.‘fﬂ = s 5 - = - 5 B i = 2 s.o_EI
40 - n > = : - ] | 0.08] 0.18 2 | 331 - 013 = 5 5 g = = = : - . 5 2 - s 2 B - : 269
a5 2 2 = 2 = ? = | o008 Z [ 101 5 073 . ] 2 3] = = 2 T . 5 = 2 S 7 . g B EEE|
50 . z - 2 . < P S 2 005 [ 010 . [oes| - > n c : T 2 E : Z - B 2 E 3 p : 5 114
55| B = : = [ 058 5 = = 2 Z p 2 2 058
6.0 = 2 : = 5 7 = 023 S - = = B - B z - - e - Z 0.23
65 = 2 z = ] = = B = ] - = ) [ 005 = = - Z = = . 5 z R Z = 3 3 - z 005
70 S ® - < 5 S 5 S 2 5 S 3 | 005 S < 2 z 3 = = 5 5 = 3 z 2 = 3 = E 3 3 005
8.0 = 1 - = “ - - =] = - i - = - i 2 =) = - i - 3 - ot - | - - i = < £ -] < = N
Tota 0.03] 081] 4.23]15.08] 201]|19.81] 1.70| 18.60] 0.66]19.04] 0.40] 0.30]11.77] 0.15] 0.15] 206 0.03] 0.13] 003] | 005 | 005 003 -] 003 -] 008 ) 2 B 3 E 5 I -[100.00
Wave Dir () 226-270
Total obs. 4189
Tp (s) upper
Hs (m) upper, 30] 35| 40| 45| 50 55| 60] 65| 70| 7.5 80] 85 90| 65] 10.0] 10.5] 11.0] 11.5] 12.0] 12.5] 13.0] 13.5] 14.0] 14.5] 15.0] 155] 16.0] 16.5] 17.0] 17.5] 18.0] 18.5] 19.0] 19.5] 20.0] 20.5] 21.0
05 -| 07| 0.31] 031] 005[ 0.02] | 0.02[ - 1 - 1 = 2 3 - - -| 00| 002[ 0.02| 002 - : B - 2 . - 5 - 2 - E
0] __002] 017] 193] 969] 010] 2.70 - 0.07] 6.05] 0.12[ 0.02 002[ 010 0.05] 0.07 | 002 = - 0.70] 0.05] 0.07| 0.05 = | 002 | 002 = ) - - . - 2
q 2 0.07| 220] 2.08[1652] 0.02| 3.84] 0.02] 0.07 L 3.02| 0.07] @! 0.07] 0.07 3 u.osl 0.07] 002 : | 005 B 3 3 ] 2 = B - =
20 2 m - 0.10] 1.48| 3.77| 0.64|2024 | 0.67] 0.07] 0.02] 0.07] 0.05 - 0.02[ 002 0.02 5 E [ 0.02 : 5 P 2 . Z z 5 E 3 - 7
25| Z E - 002] 053] 162] 3.30] 1024 £ el = | 002 005 005 2 z 5 5 z - E - - z £ - - E g z
0 : 3 2 5 ; | 0:33] 0.95] 0.02] 7.80 F 1 029 : = 3 | 002 - - = 5 - - z P - 5 5 E - z E
35 : 2 0.10[ 0.17] 068 - 1.86, - = - = - s = — = = S
4.0 P z . 2 ; 3 A S | 0.10] 0.02 - 1.48 9 z P 5 z 3 2 3 5 = P - B ] 2 3 s 2 z ) 3 : 2
45 = . . 2 " . - = . o.osl 002[ [ 048 5 [ oo7 . Z 2 . - . 5 . 3 . k B ) Z - . - - Z
50 B 5 Z B 1 = B 2 e 002 002 ] | 005 5 2 z 3 S 2 F 2 2 R - s 2 E 3 s
5 B 5 : - 002 B = B £ E - B
0 : T = : F G o0z z : - = S : : 1T =
0 - g . e . - a R - = - - = % - " m -] = -] _ P = < - 2 5 = . i - . = ]
Total] ___0.02| 024] 232|12.29] 3.72| 23.25] 2.63|28.72] 0.26|2012] 0.17] 0.07] 4.37] 0.28] 0.17] 0.31] 0.10] 0.10] 0.07] 0.12] 0.10] 0.12] 0.12] 002] -] 0.02 | 002 2 2 B 5 = ] ) 100.00
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INCH CAPE OFFSHORE LIMITED

ANNEX 10.3 WAVE CLIMATE ANALYSIS METHODOLOGY

Intertek

Wave Dir () 271-315
Total obs 743
1 Tp (s) upper
Hs (m) upper, 30] 35| a0] 45| 50] 55 60| 65] 7.0 75| 80 85 90] ©.5] 100] 105] 11.0] 11.5] 12.0] 12.5] 13.0] 13.5] 14.0] 14.5] 150] 155] 16.0] 165
05 1033 027 - - _I | 0.40] 0.27 - 043 | 027 043] -] 03] 0.40 - - - 027] 027 - - . -
10 - 03] 33§ 1306| 040] 215 - o.il 0.40 - 0:67] 0.40 - ogi{ 0.40] 0.67] 0.54] 0.67| 0.27] 0.13| 0.13] 0.13] 040| 0.40] 0.67| 0.27] 0.13] 0.27
15 - 013] 3.36] 1.35/1494] -] 108 -| 0.40[ 0.94] 0.67] 0.54] 148| 067| 0.81] 0.13] 0.94] 0.54] 0.54] 027 - - - - - -
20 - - -| 121|162 013]71.04 -| 067] 013] 013| 0.54] 1.75| 0.54] 0.54] | 0.54] 03] 013 0.27 - - -
25 - - - [ 013] 067 081] 363 -] 390 -[ 03[ oa3[ [ 040 027] 027 - 0.27 i EEE - - 1
30 - - - 03[ 013] 0.13 7.00 - - 067 - - - - 027 - - - - E .
35 - - - - - 1 lo43 o067 - - 054 | o3 - - - - - - - 1 -
z_gl - - - - - - 027] 013 - 027 - - - - - - 1 -
45 - - - - - - - - - - - - 087 - - - - - - - - - - 1 -
f_g’ - - - - - - - - - (013 - - - - E - - - - - - i
5.5] - . - . - . - - - - H - F . - - | - - - - = - - - - ‘| # -
5 - il - - - - al a - - W - % i * u - - 3 o) - - & al - W -l - - - o) - -}
gl = 7 H - - - - = - - - - - = i - - & - - = - - - - 2
7.5 - - - - - - - - - - - - -
80| - - - - B - - - E - - - - - - - B - - - - - - - - - - - - - - E - - B
Total] | 027 377|642] 3.10[19.52| 1.08|16.69] 0.94[12.79] 1.75| 1.48| 3.50] 4.44| 2.15| 2.42| 108 263] 0.94] 108 040 0.81] 067 0.40] 067 0.27] 013] 0.27] 013 - - - - - s 100.00
Wave Dir () 316-360
Total obs. 5003
|
Hsgm;uggrl 30[ 35] a0] a5 55 60 65 7.0 10.0[ 10.5] 11 145] 15.0] 155] 16.0] 16.5] 17.0] 17.5] 18.0] 18.5] 19.0] 19.5] 20.0] 205
05 - 0.08] 0.10] 018 012 0.10| 0.52] 0.2 0.08] 0.26 - 002 - - - 004 - - - -
10| 004[ 0.74] 004] 258 0.28] 236] 0.0 0.14| 0.92] 008| 0.08] 0.10] 0.02 - 0.06 - - - -
15 002 | 0.10] 056 ; 0.44] 3.26] 0.2 o7 I I - - [ 010 - - - -
20 - : oog[ o 7.70] 016 64 0.60[ 162] 0.26] 0. 1020 - P 002 - - - -
25 - - -| 0.02] 0.04] 020 0.92| 014 058] 0.28] 0.98] 0.24| 024 - - 1 - - 0.02 - - - -
30 - - - - - 1 -[ 008 008 0.10] 0.06] 0.40] 0.08] 0.26| ; - - - - - - - - -
35] - - - - 002 - 008] 012 014] 0.08] O 0.02| - 1 - - - -
40 - - - - - - ;] - 0.02] 0.06] 0.38] 0.02 0.04 . 00z - - 1 - - - - - - -
45 - - - - - 1 - - - 0.04 | 136] 0.02 0.06 oo - - 1T - - - - - - - -
50 - - - - - B - - 002 006] 156 0.08 -[ 002 - - 1 - - - - - - - -
55 - - 002 110 0.06 - - - - - . -
5.0 - - - - - 1 - - - - : - - - o048 - - 0.06 - - - - . - B - - - - -
65 - - - - - - - - - E - - - - - - - -[ 004 - - - - 1T - - - - - - - -
70 - - - - - - - - - - - - - - - - - - 074 - - - - 1 - - - - - - - -
Total| __0.06] 0.22] 114| 3.38] 0.66] 6.00] 118|12.35] 0.92|18.60] 1.36] 1.34|21.21] 2.84] 2.02|13.85] 1.16] 1.80] 0.88] 512| 034] 0.42] 0.44] 0.24| 1.84] 0.08] 0.08] 010 0.02] -] 0.24 - - - - 100.00
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INCH CAPE OFFSHORE LIMITED
ANNEX 10.3 WAVE CLIMATE ANALYSIS METHODOLOGY

Intertek

Wave Dir (%) 0-45
Wind Speed (m/s) upper
Hs (m) upper] 0 1 2 3 a] 5 6] 7 a[ ) 10 11 12 13 14 15= 18] 17 18 19| 20 21 22] 23 24 25 %6 27 28 29 Total
0.5 0.01] 0.15 40] 081 095 0.7 0.37] 017] 0.12] 00 0.01 - - - -| - - - - - - - - - - - - - - - 3.82
1 004] 048] 200[ 355 d.3_§| 4.7 457| 240| o0.86] 018 0.01 - - - - - - - - - - - - - - - - - - - 23.24
1.§| 0.04 0.25 44 253 3.55 4.1 3.93 5.27 3.82 1.6 0.66 0.17 0.01 0.01 - - - - - - - - - - - - - - - - 27.48
2| - 0.12 0.7 1.13 1,63 1.50 2.25] 2.7 2,61 2! §] 1.7 0.8 0.30) 0.04 0.03 - = = = - = - = - - - - - - - 18.30
2.5 -l 012] 012] 044] 055] 0862] 09 1.3 1.44] 1.60f 1.4 1.3 0.84] 0.33 01 0.04 - - - - - - - - - - - - - - 11.40
3 - - o003 ool 017] 0.18] 0.2 0.4 05 0.80] 08 108] o079 0.62 0.2 010] 001] o001] 001 | o001 - - - - - - - - - 6.22
3.5] = n | oot o710l oo7[ o0 0.1 0.2 040 0.4 054 047] o044] 028 019 oo0s] o004 004 i A x = L n A = - n i 56|
%I - - - - -| o0o01] oo1] o010] 01 0.10] 02 0.22. o.za| 0.36] 039] 023 047 o004 00 0.01 - - - - - - - - - - 2.26
4.5] - - -l 001 - - -l 003] 003 004 00 0.07] 017] 0.28 0.30] 039 023 025 007 001 - - - - - - - - - - 2.07
B . - - E | E - - N B 1 oo1] o001 o0.10] 021] 0.17] 0.14] 008 0.08 1 ooz 2 5 E | 5 = - - E 0.80
5.5] - - - - -| - - - - - - - - -l 001] 008 o007 0.07 - - - - - - - - - - - - 0.21
6| - - - - -| - - - - - - - - - - -l 003 010] 017] 004] 001] 001 - - - - - - - - 0.36
6.5 - - - - -| - - - - - - - - - -|_o0o01] ooi] o003 0o01] 003 008 004 001 - - - - - - - 0.21
7 - - = - - = = = = = = = = = = - = = 0.01 - - 0.01 0.03] - - - - - - - 0.06
7.5 - - - - -| - - - - - - - - - - - - -l 001 - - - - - - - - - - - 0.01
& - - - - af - - - -| - - ol - - «| -l - - - - ol - - - - - - - - - !
Total 0.10 1.13 4.73 5.54 11.23' 12.08] 12.45| 12.70 9.70 7.51 5.60 4.21 2.87) 2.19 1.53 1 1§l 0.84 0.62 0.40| 0.10 0.11 0.07 0.04 - - - - - - - 100.00
Wave Dir (*) 46-90
Wind SEed ;m!s% upper .

| Hs (m) upper| 0 2 7 10 11 12| 13 14 15 16 17 | 9] 20 21 22 23 24 25 26] 27 28] 29 Totall
0.5 -] 0.08 68| 0.7€ 0.15 - - - - - - - - - - - - - - - - - - - - 3.41
q - 0.34 .59 26 1.97 0.08 .04 - - - - - - - - - - - - - 19.57
1.5 0.08| _0.30 . 2.27 44 0.53 11 - - - - - - - - - - - - - 3.32
2| 0.19) 3 14 2.99 2.0 5| - - - - - - - - - - - - - 20.51
2.5-| - 0.08 0.30 0.76 82 1.93 - - - - - - - - - - - - - 4.27
q - 0.04 0.08 0.13 0.42I 0.19] 053 0.87 1.06 - - - - - - - - - - - - E.1_4_
3.5 - -] 004 004] 015] 030] 015 030 0.72 0.04 - - - - - - - - - - - - 4.88
4 - -] 004 0.04 -] _0.08] 00 0.11 0.20 0.04 - - - - - - - - - - - - 231

4.5] = B -| = 1 o004 01 0.08 0.15 0_(£| 0.04] 004 004 B = 2 = o = | = R 2.0

5| - - - - -| -] 0.0 - - 0.08 - -l 0.04 - - - - - - - - - 0.8

5.5 - - - - -| - - - - -| 004 0.08] 0.11 - - - - - - - - - - - 0.4
5 = | - - -] B - - A B - 0.08 1 o004 A m = p = - = - - " 0.15
6.5] - - - - -| - - - - - - - - -| - - 0.04 - -| 004] 004 - - - - - - - - 0.11
7 - = - i - 2] - _ -] il - ] -] -] -] . -] ] = ] -] i - o = 2l = = - . -
8| = - - < - | - | - af - - o l = 2 o - = i - - = - = - = ul = & -
‘rotj 008| 102] 401 780 1113 1102] 1223 1272] 10.11] 935| 681 486] 227 201 148| 102] 020] 042 015 008 011] 004 - - - - - - - - 100.00
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INCH CAPE OFFSHORE LIMITED Intertek
ANNEX 10.3 WAVE CLIMATE ANALYSIS METHODOLOGY

Wave Dir (°) 91-135

| Wind Speed (m/s) upper
Hs (m) uppeq 0 1 2 gl a 5] §| 7 B gl 10 K] 12 13 14 15 16 17 18] 18] 20 21 22 23 24 25] 26 27 28 28 30 _Total
0.5 [ 011] 050 075 067 038 028 011] 008 006 0.0 - B = 3 : z - z z 2 = - - z - 2 B 2 = 1 297
1 006 033 103 .:.69' 3:82] 358 3 gl 262] 125 017 0.0 < P - n . . = - = : > 5 . 2 = : : s 5 1T 7899
15 |_008| 028 116| 194] 252 330| 297 335 204 08] 036 008 - | - - z - - - - - - - - - £ ) z | 2007
2 -] 0.0 0.17]  0.42] _1I 1.08] 1. 1_| 2.3 2.72 63] 261 191] o094 o022 o1 = - N - - - 2 B - = N . - =3 = 1 1802
73] | o.osl 022| 036] 033 058 08 19| 208| 222 104] 169] 094 020 014 006] 003 003 T - z - : z - 2 B = S [ 1308|
3 0.03 1 oo | 003] 019] 019] 047 055 00] 1.47] 1.88] 205] 136] 064] 028 0.17] 003 003 = 3 - = z = 5 z = = = | 1048
35 - - o.osl 0.08] e.oel 011] 017] 011 019] 047] 0869| 100| 111 100] 072| 026 014 o.o 0.03 - - - - - -] - - - - 643
4 = B - | 003 003 - 014 011 0 1?| osal 047] 063 108| 050] 038 025 008 B GE B 5 - - B ) = - g 1 _az7
35 B B T 3 2 5 - z B J|_oo08| 022] 019] 033 060] 033 042 017 0.14] 003 z Z B B 2 B - - 2 2 | Z4
5 = - : = ] . = 1 oo3 ; = | o0o08[ o011 o017] 050 022 022] O QIW = - = - E = - = 5 = - [
s.gi B - ) -|__0.03] - - = g | 003 003 g |01 o008 o028] 022 022 o1 z B - 2 = - B = s = R
B 3 - 2 = 2 8 003 | _oos B B - 003 | 003 008 011 003 008 o.na| . B - = d ] B 2 1 o4z
65 = B ; B 2 z - 4 B z B g o E Z - |_oo3 g = 1 0.03 m - = z| x = = 2 1_o0e
7 B B - < 5 A z Z 2 - = 2 3 = 3 : B ] B - 2 P N E 2 3 2 5 = g 1 oo
8 = - 2 2 ] ] = - 3 x = =3 : Z L] = o = 5 Z = pa 2 . i ] : 3 = = = i
Total 008 061] 213] 532 782 823 695 ©42] ©51] o948 840 769] 662 466 366 227 169 108 094] 014 019 008 1003 E -] m = 5| 2 | 100.00
Wave Dir (%) 136-180
[ | Wind Speed (m/s) upper
Hs (m) upper 0 1 | E 4] 5 6] 7 2] 9 10] 11 12 13 14 15 18] 17 18] 19 20 21 22 23 24 25] 26 27 28] 29 30| Totall
05 | 0o02] 022 025 027] 063 023 004 004 S = = - = 3 2 ) a = - = = B 2 = n : B : : R i
1 | 007] 056 146] 213] a14| 383| 372] 276| 065 0.18] 011] 004 - ] - - 5 - - - - = - - B - = - 3 B IRES
1.5‘! |_©0o02] 018 038 08| 134 17| 323] A480] 518 365 137] 031 011 002 = 2 o = - - 2 3 E 2 B o 1 2 3 1 2320
g[ |_0o04] o004 011 o018 047] 0 ?§| 110 152 3.15| 466 379 g4| 085 018 020 00 o = g z - g = = s ] - = s B 96
25 B |_002] 004 013] 022 016] 034 061 098] 164] 186 278 217 __nig_l 0.40] 0. 0.04 E - - z B ) = B Z B = o | 1255
gi - J _0.02 4] 009 011 0.16] 036] 045] 043 072 37| 188 o7| 108| 063] 025 0 0.0z ] - 5 = Z = T - = = | _oes
35 B ) ) 002 M | 007 o013 020 020] 031 058 076] 141] 132 119] 045 © 0.04] 002 002 n = 2 5 ) u = B 1 60
4 - = 7 B n - | _004] 002 004 007] 004] 007 027 045] 074 090 040 FE 0.11] _0.04 m = - - . ] - - = 74
45 2 B - =] 1 ! B 3 | 004] 002] 007] 004 013| 013] 018 038 040 47| 0. 027 _011] 002 B z =] m 2 = - | z43|
5 3 - B 4 . g = 3 A = | o02] 0,02 | oo08| o009] 007 034 034 0.16] 007] 004 m 7 - 5 = = 5 a7
5.3 3 3 ) ] - - = 3 B : - : z = 2 |_004] 007] 004 004 007 01 _002| 002] 002 ] 5 = B 1 _oar
6 = ] = " = = 5 J " = = A = = P = B 008 0.0z 002|002 P o004 : = 2 E 1 _o0z0
6.5 - . - - - - - -] - - - - - - - - - - - - - - 0.04 - - - - - - - | 0.04
7 m . < B o 3 s - 3 m 3| = = = . = 5 n - E B . n s 5 1 o002 3 = = 1 002
75 = E = = el - = | = = = . I = z = 2 z : = - 3 = = £ = - - 1 o0z | oo2
B ] ] = ] o - = 2] ] R ] ] - » ] ] £l ] - R - _ ] = . ] - - = ] ] -
Total |_0.16] 1.03] 226| 3.59] 689] 605 8.70] 10.24] 1069] 10.87] 8.29] 7.04] 621| 515 401 343 1.73] 159 052 081] 049 0.16] 007 002 007 0.02 - ooz [ 100.00
Wave Dir () 181-225
Wind Speed (mis) upper
Hs (m) upper 0 I B] 7 12 13 14 15 6] 17 i E 20 21 22 23 24 28] 26 27 28 79 30 Tona_ll
0.5 o0 ;i 5| 01 z = 3 - - ] s - - - 3 - - s - = = g B a2
1 o0 54| 53 0.03 2 2 Z 4 ] = 3 £ - 3 = . -] ] 2 A 2 [ 1840
15 7 P 20 084 023 & = Z 2! = s - E z - E <] = ) = B | 2328
2 ) B _El 0.3 .44 77]_051] 020008 ] = = A 5 B B 2 ’ 4 B B S B EE
2'51 = ] 08] 00 49 37|_251] 118|035 0.10] 003 003 " - 3 = d -] = s -] d 1 1475
3] - B o0 16 10] _248| 228 109 033 008 003 = B - = 2 2 g = z B 1 1027)
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