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Abstract

Numerical predictions of sea currents are carried out for one year by using Princeton Ocean Model
(POM) and validated by using measurement data at Fukushima Floating Offshore wind farm
demonstration site. Predicted current speed and direction show good agreement with measurement. Then,
a method for the prediction of the variation of annual average current speeds is proposed. In this method,
the ratio of the annual mean current obtained from high resolution simulation and that from low resolution
simulation are multiplied to the annual mean wind speed obtained from long-term low resolution data.
Predicted variation of annual mean current speed show good agreement with that from high resolution
simulation. Finally, prediction methods for the extreme current speed with recurrence period of 50 years
are discussed. The extreme current speed based on corrected low resolution long-term data shows better
agreement with that obtained from long-term high resolution data than those values estimated from

high-resolution short-term data.
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Fig. I Location of FORWARD project.
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Fig. 2 Overview of the floating substation and the mounting
places of measurement equipment.

Table 1 Qutline of the measurement equipment of sea current.

Wave meter ADCP
Equipment USW-=2000 Workhorse Sentinel
Method Ultrasonic doppler
Sampling 2Hz 1Hz
Frequency
Range 0-5m/s +5m/s
Mounting Depth 18m 18m
Measurement 5.7.5, 10m 1.23, 334, 545, 7.56,
Depth 9.76, 11.78, 13.89m
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Fig. 3 Computational domain used in this study.
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Table 2 Configuration of POM

Simulation period 1 Jul. 2014 - 30 Jun. 2015
Domain 140.5°E - 142.0°E, 36.5°N-38.0°N
Resolution Horizontal: 0.02°<(.02°
Vertical: 45 layers
Bathymetry ETOPO 1 (Arc 1 min.)
Initial and SST, salinity, current speed component
lateral boundary and water level obtained from
FRA-JCOPE-2 (Every | day)
Sea surface boundary WRF 10m height winds
(Every | hours)
Time steps External mode: 2 sec.
Internal mode: 30 sec.
Output temporal resolution | 20 min.
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Fig. 4 Comparison of measured and simulated current speeds
and directions (at Sm depth).
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Fig. 5 Comparison of measured and simulated wind speeds
and currents speeds (at 62.95m and 5m depth).

(a) Predicted wind field (by WRF)
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(b) Predicted sea current field (by POM, sea surface)
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Fig. 6 Wind and current distributions at 13:00 IST on 14th
Oct. 2014 (10m height and sea surface).
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Fig. 7 Comparison of measured and simulated monthly
mean current speeds.
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Fig. 8 Comparison of measured and simulated frequency
distribution for each current speed bin.
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Fig. 10 Comparison of measured and simulated mean current
speed for each current direction.
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Table 3 Summary of archived FRA-JCOPE 2 data
Archived Period 1 Jan. 1993 - Present

Area 108.0-180.0°E, 10.5-62.0°N
Resolution Horizontal: 0.083°=0.083°

Vertical: 46 layers
Temporal resolution 1 day
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Table 5 Biases and standard deviation errors of annual average
current speeds.

PR Based on Based on Based on
JCOPE2 | 5002005 | 20062009 | 20102013
Correction 1.68 159 172
coeflicient
Bias [%] | -39.61 1.50 404 385
SDEr [%] | 836 8.18 8.05 825
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Fig. 12 Comparison of predicted extreme distributions for

current speeds (based on 2010-2013).
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Table 6 Comparison of extreme current speeds.

50 years recurrence current speed [m/s]

Bias SDerr
based on o o
20022005 | 2006-2009 | 20102013 el | 1
Annual max.
by JCOPE-T 0.86 -
(13years)
Monthly max.
by JCOPE-T 0.77 0.83 0.86 461 | 581
(4 years)
Annual max,
by JCOPE2 0.89 0.84 091 183 | 335
correction
(13years)
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Fig. 13 Comparison of extreme current speed distributions
predicted by using different terms database.
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Table 7 Input values used for the IEC61400-3 current profile

model.
Water depth Wind speed at 10m, 50 years recurrent current
(d) (1hours mean) (Vo) speed at z=20 (Uss(20))
-108 4m 37.6m/s 0.86m/s
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Fig. 14 Comparison of vertical profiles of extreme current
speeds predicted by JCOPE-T and IEC 61400-3
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