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Assessment of weather downtime for the construction of offshore wind power plants
by using wind and wave simulations
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Abstract

In this study, the workability was assessed for offshore wind farm construction by using the
numerical simulations for winds and waves. The predicted wind speeds, significant wave heights and
significant wave periods were compared with measurements. Annual average values of absolute
monthly error of wind speed, significant wave height and significant wave period were 4.30%, 12.3%
and 7.8%, respectively. Then, seasonal occurrence times were examined for measured and predicted
wind speeds, significant wave heights and significant wave periods. Predicted wave heights smaller
than 1.0 m and predicted wave periods smaller than 6 s overestimated the measurements. The biases of
predictions were modeled with linear equations and corrected to improve the accuracy of predictions.
Construction records and work criteria of Choshi and Kitakyushu offshore wind farms were
investigated and the sensitivity of construction methods on weather downtime were investigated.
Choshi had a high sensitivity where the wave condition is severe, while Kitakyushu had a low
sensitivity where the wave condition is mild. Finally, the weather downtimes were assessed with the
investigated criteria and predicted wind and wave conditions, which had a good accordance with the
records.
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Table 1 WRF parameters and schemes
Domain 1 | Domain 2 | Domain 3
Calculation time 2013.2-2014.1
Spin-up More than 10 days
Domain 133°-149°E,28.0°-44.0°N | 138.5°-142.5°E,33.5°-37.5°N__ | 139.7°-141.3°E,34.7°-36.3°N
Vertical resolution 45 levels (Surface to 50 hPa)
Horizontal resolution 18km bkm 2km
(100 x 100 grids) (100 x 100 grids) (100 x 100 grids)
Meteorological data NCEP-FNL 1°x1° 6-hourly
Sea surface temperature OSTIA 0.05°%0.05° 6-hourly
. Elevation: Geographical Survey Institute 50m
Geographical data Landuse: NationaIgLaFr:d Informatiz;n Division 100m
Time step 72s 24s | 8s
Microphysics scheme Ferrie (new Eta) microphisics scheme
Planetary boundary layer Mellor-Yamada-Janlic TKE level2.5 scheme
Surface layer Monin-Obukhov (Janjic Eta) scheme
Land surface Unified Noah land surface scheme
4DDA Grid nudding (excluding domain 3)
Table 2 WW3 parameters and schemes
Domain 1 | Domain 2 | Domain 3 | Domain 4
Calculation time 2013.2 - 2014.1
Spin-up More than 10 days
Horizontal 0.5°x0.5° 0.2°x0.2° 0.05°x0.05° 0.02°x0.02°
resolution (161x121 grids) (81x81 grids) (81x81 grids) (81x81 grids)
Domains 110°-190°E, 133°-149°E, 138.5°-142.5°E, 139.7°-141.3°E,
0.0°-60.0°N 28.0°-44.0°N 33.5°-37.5°N 34.7°-36.3°N
Bathymetry ETOPO2 ETOPO1
(0]
Egﬁrfg;‘;ice e NFRI\:DIESEQ)) WRF(18km) WRF(6km) WRF(2km)
Lateral boundary Open Nest down (2-way nesting)
Spectrum 36 directi .
- irections and 36 frequencies (0.0345~0.97Hz)
resolution
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Fig. 1 Computational domain for WRF
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Table 3 Parameters in WW3

Sin Cavaleri and  Malanotte-Rizzoli
(1981)

Sinn Tolman and Chalikov (1996)

Sa Hasselmann et al. (1985)

Tokman and Chalikov (1996)
Shot Hasselmann et al. (1985)
Bettjes and Janssen (1987)

Table 4 Description of wave and wind observation

Observation

period 2013.2-2014.1

Location N35°53°55"  E140°45°14"
Wave |

instrument Ultrasonic Wave Detector

Averaging | oomin,

time

Observation

period 2013.2-2014.1

Location N35°44°18"  E140°51°24"

Observation
Wind | height 80m

Measuring .

instrument Lidar

Averaging .

time 10min
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Fig. 2 Comparison between measured and predicted wind speed, wave height and wave period in summer and winter
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Fig. 3 Comparison of measured and predicted monthly average of wind speed, wave height and wave period
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Table 5 Relative error of measured and predicted monthly averaged value and these absolute average (%)
of wind speed U, significant wave height Hs and significant wave period Ts

Mon. 1 2 3 4 5 6 7 8 9 10 11 12 Ave.
U (%) 4.4 1.6 0.3 4.9 2.7 1.7 5.2 3.2 -2.7 7.1 8.8 9.3 4.3
Hs (%) | -27.7 | -22.9 -9.2 | -11.1 | -6.07 -6.6 -1.4 1.3 86| 133 | -200 | -19.1 | 123
s (%) 6.9 -5.3 | -11.8 -6.2 99| -11.3 | -159 | -10.7 -8.9 2.0 3.2 -0.9 7.8
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Fig. 5 Bias of predicted significant wave height and
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Table 6 Method for constructing bottom-up offshore wind farm

Construction method 1

Construction method 2

Bottom
preparation

Source: Shibuya Diving Industry, Co®.

Hs=1m Hs=0.8 m for several hours
Required duration: several hours in daytime Required duration: several hours in daytime
Submerged backhoe Weight free falling base leveling

With floating crane”

Source: NEDO?

Installation of
substructure

Hs=125m, Ts =8.0s
Required duration: 36 hours

Hs=0.5m
Required duration: several hours in daytime

Floating crane  Shinsho-1600

Source: Kajima Corporation'”

Floating crane  Musashi-3700

Source: NEDO?

Installation of

Hs=25m, U=10m/s
(U=8 m/s for installing blades)
Required duration: several hours in daytime

Hs=1m,U=10m/s
(U=6 m/s for installing blades)
Required duration: several hours in daytime

Basket

Access vessel

wind turbine
Source: Kajima Corporation*” Source: NEDO?
100 ! \ 100
B Methodl Method2
X 80- s < 80- I
2 60, , 2 60 i
a S
£ 40 I £ 40- .
S 2
20 L 204 L
Bottom Installation Installation Bottom Installation Installation
preparation of substructure of turbine preparation  of substructure  of turbine
(a) Choshi (b) Kitakyushu

Fig. 7 Workability by construction method 1 and 2 at Choshi and Kitakyushu site
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Table 7 Workability at Choshi offshore wind farm

Work Period Workability
Bottom 2012/2/23-2012/4/6 15.9%
preparation ( 7/44day)
Installation of 27.6%
substructure 2012/6/12-2012/7/10 ( 8/29day)
Installation of 2012/9/9-2012/10/25 63.8%
turbine (30/47day)
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Fig. 8 Workability experienced and predicted by
measured and simulated environmental condition
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