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A study on a Carbon Trust OWA Stage 2 Domestic Verification Case
in the Yellow Sea

Yong-Soo Gang, Dong-Chan Chang, Su-In Yang and Baek-Bum Lee”

Key Words : Floating LiDAR System (234 2fo]t} A/~H)), Wind Resource measurement ($-3M7<), Validation
Campaign (H|ZH5), OWA, Stage 2 (£ 495 ©7)

ABSTRACT

Floating LiDAR systems provide significant savings in cost and time compared to the fixed meteorological
mast measurement type, and have the advantage of being able to be deployed in various locations due to less
restriction on the depth of the installation site. However, to use the wind data collected by a floating LiDAR
system commercially, verification procedure is required to ensure that the collected data have sufficient
availability. The Carbon Trust OWA roadmap presents guidelines in three stages for the reliability of the wind
data collected using a floating LiDAR system. Companies developing wind farms are requesting at least Stage
2 (pre-commercial stage) presented by OWA, and many overseas companies are leading the domestic and
overseas markets. In this paper, we introduce the case of OWA Stage 2 certification for the commercial operation
of floating LiDAR systems.
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Fig. 1 Layout for Guideline for Floating LIDAR System
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Fig. 2 6m nomad LIDAR System

Table 1 LIDAR system specification

LiDAR system specification
Material Aluminum
Length 64 m
Width 31l m
Height 7.7 m
Weight Abt. 56 tonf

Buoyancy Abt. 10 tonf

d F719 I3 ARALE P A4 2 AR *4741
Aol 27871 % & ABS [3] 2 DNV [4lolA =

| BEE 1009 #7719 xS A8skeE Al ;ﬁ
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Table 2 Design environmental Condition

Design environmental conditions

Wind 75 m/s above
Current 4 knot above
Wave 20 m wave height above
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Table 3 List of applicable guideline and standard for
design of mooring system

Guidelines and Standards Year of
Publication

ABS

Publication 39 Certification of Offshore Mooring Chain 2014
Publication 90 Application of Fiber Rope for Offshore Mooring 2014
Publication 194 Thruster-Assisted Mooring [TAM, TAM [Manuall] for Mobile Mooring 2014

Systems
Publication 205 Pre-Laid Position Mooring Systems 2013

American Petroleum Institute

API RP 25K Recommended Practice for the Design and Analysis of Station-keeping 2008
Systems for Floating Structures

APIRP 2| In-Service Inspection of Mooring Hardware for Floating Structures, Ed.3 2008

API RP 25M Design, Manufacture, Installation and Maintenance of Synthetic Fiber 2014
Ropes for Offshere Mooring,

Bureau Veritas

Classification of Mooring Systems for Permanent and Mobile Offshore Units 2015

DNV offshore service specifications, offshore standards and rules

DNV-05-E301 Pasition Mooring 2010

DNV-05-E302 Offshare Mooring Chain 2009

DNV-05-E303  Offshare Mooring Fibre Ropes 2013

DNV-05-E304 Offshore Mooring Steel Wire Ropes 2009

IALA

Design of Floating Aid to Navigation Moorings, ID 1086, Ed. 1.1 2010

INTERNATIONAL ASSOCIATION OF CLASSIFICATION SOCIETIES

Requirements concerning Mooring, Anchering and Towing 2014

NOAA

NDBC Buoy Mooring Design Manual 2014

UK-HSE

Research Report 219 Design and integrity management of mobile installation 2004
moorings 2013

Offshore Information Sheet  No 4/2013 Offshare installation moorings 2005

HSE Safety Notice 3/2005  Floating Production Storage and Offloading [FPSO] -

Mooring Inspection

WMo

GUIDE TO MOORED BUQGYS AND OTHER OCEAN DATA ACQUISITION SYSTEMS by A, 1996
Meindl, DBCP Technical Document No. 8
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Fig. 3 NDBC standard mooring system

Fig. 337 #¢] NOAA<2] NDBC Buoy Mooring Design
Manual [71& 7)&Foz 712 AAE Agsigon
Orcina, Ltd °lA 7§23 OrcaWave$} OrcaFlexE &
3 ’\]7} Gl AFEl S HPAct
=Y B gtolth AR At 8}51”4
HIAL AdEATHAA 9 T HEF 287] 1
4 RRE AFAREE 50 m Aol A,
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knots) 7t A-&= 30t [9]

Table 4 Coordinate and environmental conditions of
floating LIDAR system installation

Latitude 35° 49 41.70° N
Longitude 126° 12 30.20“ E
Depth 25 m
Wind speed(U10) 247 m/s
Significant Wave Height (Hs) 74 m
Peak wave period(Tp) 135 s
Current Speed 1.24 m/s(2.4 knots)
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Environmental Design Criteria

+Wind speed =24.70 m's

+ Current speed= 124 ms

+ TMA Spectrum (Hs=7.4m, Tp=13.5's, Water depth =25 m )

Max. Effective Tension Min. Buoy ~ Max. Buoy  Max. Buoy
Clearance  Pitch Angle Mooring
GR80 CHAIN (32mm) ANCHOT CHAIN (38mm) i the 8en Excumsion
at End-A atEnd-B at End-A at End-B Surface Radius
8.44 tef 7.02tef  7.22tef  7.33tef -0.86 m -22.24° -66.64 m

Fig. 5 Dynamic analysis for floating LIDAR system
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Fig. 9 Recommended setup of floating LIDAR
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Table 5 Summary of requirements of KPIs / ACs
Maturity FL Type Verification' FL Unit Verification' FL Offshore Classification' Early Commercial Project
Level (1 long trial) 3 Llong and 3 short trials) 3 long trials) Deployments
e e T T
Stage 2 Number: At least 1 Not required. Not required. Not required.
Duration: At least 6 months.
oS g
Availability KPls:
meet Stage 2 AC.
Data Accuracy KPls:
‘meet minimum AC.
Stage 3 Stage 2 Type Verification Number: 6 (minimum 3 short | Number: At least 3 Number: At least 5
completed. and 3 long. Duration: At least 3 months Duration: At least 12 months.
Duration: At least 3months | [typically). Continuous single campaign.
TP o oo AAP——
KPIs meet; Continuous single campaign. | same test site. (Availability KP1s:
Stage 3 AC for availability. One unit trialled at two different ‘meet Stage 3 AC.
S o | i ot s
data accuracy. meet Stage 3AC. Continuous single campaign.
Data Accuracy KPls:
May count to classification trials. meet Stage 2 best May count towards long trials if
practice AC. KPls meet
Stage 3 AC for availability.
May count to classification Stage 2 best practice AC for
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Table 6 Monthly / overall system availability

BS-100
Period MSA . OSAca

[%] [%]
01.06.2022 - 31.06.2022 100
01.07.2022 — 31.07.2022 100
01.08.2022 - 30.08.2022 100 100
01.09.2022 — 31.09.2022 100
01.10.2022 - 30.10.2022 100
01.11.2022 — 31.11.2022 100

Table 7 Overall post-processed data availability

Height Spd Spd Dir Dir
[m] Valid# | OPDAca[%] Valid # | OPDAca [%]
50 26179 99.3 26179 99.3
80 25888 98.2 25888 | 982
100 25767 978 25767 | 978
120 25519 96.8 25519 96.8
55
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Table 8 Monthly post-processed data availability

Height | Spd D Dir ol Spd Spd Dir L
[r:] Vald'# ""EE/:‘;‘” Valid # MF[,';_’;“' Ve M?gﬁ"‘ valid # "F[.,';:]‘"‘
June 2022 July 2022

50 4202 973 4202 973 4444 996 4444 896

80 3967 918 3967 918 2426 991 4126 | 991 |

100 3929 209 3929 909 4389 983 4389 98.3

120 3826 886 3826 886 4335 971 4335 971
August 2022 2022

50 4459 999 4459 999 4315 999 4315 99.9

80 2425 991 4425 991 4312 598 4312 EEE]

100 4391 98 4 4391 984 4306 997 4306 997

120 4361 977 4361 97.7 4298 995 4298 | 995 |
October 2022 November 2022

50 4443 995 4443 995 4315 99.9 4315 999

80 4440 955 2440 555 4317 555 4317 599

100 | 4439 994 4439 994 4312 99.8 4312 998

120 | 4421 950 2421 950 4278 550 4278 59.0

3.2 Xt2 &= 22 (Data coverage)

OWA RP 97l th3t 7)ol webrd F23 Ao
A& g dolE 59 HA 23S 2712 m/s ARl
o] F&AAE 1 m/s & Ha 4070 o1, 12716 m/s
Arelol = 2 m/is B HA 4071 o)) AEIF &
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Table 9 Wind speed data coverage per wind speed bin

Spd bin [m/s] 50m 80 m 100 m 120 m
0 543 509 495 481
1 2 1659 1595 1581 1540
2 3 2820 2668 2613 2591
N 3 4 3454 3221 3103 2975
S 4 5 3302 3025 2973 2893
::' 5 6 2715 2524 2411 2286
= 6 i 2178 2148 2086 2058
2 I 8 1781 1678 685 660
S 8 9 1410 1403 419 497
g 9 10 1317 1168 221 206
3 10 11 1108 964 959 949
°I 11 12 1017 965 872 852
= 12 14 1410 1515 1603 1639
= 14 16 705 780 844 842
5 16 18 246 547 606 572
18 20 37 133 276 389
20 22 10 15 38 92
22 24 41 31 26 29
24 26 14 20 24 27
26 28 9 15 11 12
28 30 0 1 8 9
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Fig. 11 Wind speed linear correlations of referencelLiDAR and
floating LIDAR system at 100 m, 120 m

Table 10 Overview of linear regression analysis for wind speed

) . Spdmean Spdmean | (SPdris/ Spdeer)-1
2

Height ‘ N* data ‘ m ‘ R ‘ Ret[mi] | FLS [mis] [l
Spd € [4-16] mis

50 16943 [ 1012 [ 0991 788 799 13

80 16170 | 1012 | 0892 800 810 13

100 16073 | 1010 || 0992 307 316 12

120 15882 | 1012 || 0992 812 823 13

Spd > 2mis

50 23574 [ 1011 | 099 6.76 6.84 13

80 2621 | 10100 | 0995 7.05 713 11

100 20778 | 1008 | 099 725 732 10

120 22578 | 1010 || 09% 7.38 747 12
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Table 11 Overview of linear regression analysis for wind direction

Difmezn Dirmean

E o o 2
Height | N°Data | m b[] R Rl | RSt

ST-100 (Spd > 2mis)

50 23614 [0995 | 232 197.04 198.29
80 22869 | 0995 | 227 19590 197 11
100 22828 | 0994 244 194 80 196.01
120 22653 | 0992 | 270 194.27 195.49

Horizontal Wind Speed at 50m >= 2 m/s
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Fig. 12 Wind direction linear correlations of reference LiDAR
and floating LIDAR system at 50 m, 80 m
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_Horizontal Wind Speed at 100m >= 2 m/s
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and floating LIDAR system at 100 m, 120 m
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