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Abstract

Environmental change due to construction of large offshore wind farm has been a debate for a long time in Korea. There are various data
acquired on hydrodynamics around this area before and during construction of offshore wind farm but no data during operation could be
made due to delayed schedule. In this study, environmental change such as bathymetry change and scouring was forecasted using MIKE,
numerical hydrodynamics model, and its results were validated using the observation data before and during construction.
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1. Background and Necessity

3045000 |
Since the government’s announcement of renewable energy

policy 3020 to increase the percentage of renewable energy
production by 20% by 2030, the research on large scale offshore
wind farm has been carried out. In 2017, demonstration site of 60
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Seatter legend

Bl Avove -50

MW size was commenced and as of now, only the underwater cable 3035000 05 73
construction is remaining before commercial operation in B 1o0-105
November 2020. There were so much opposition to the construction o118
of offshore wind farm due to environmental effect it might cause s — Ry
around the area. There had been many research projects carried out , o P
to study the environmental impact of offshore wind farm and SN RN 2000 el e R
environmental monitoring project is one of them. In environmental
monitoring, remote sensing devices such as multibeam Fig. 1. Location of bathymetry data.
echosounder, x-band radar, 3D scanner, wave gliders were used to
monitor marine hydrodynamics like waves, current, wind,
bathymetry, and so on to assess the impact of offshore wind farm
around the area. But due to the opposition, commercial operation TABLE 1
was delayed and data during operation are not available for study of . Bathymetry Data
actual impact on the area. No 111);;1 ljgfr;ggzzl rZ?;glacle Resolution Time

In th1§ §tudy therefore, environmental impact of offshpre wind 1 BA01 UTM-52N LAT 10m 2014.11~2015.03
farm, specifically morphology change and scour, were simulated 2 BA-0Z UTM-52N LAT 10m 2014.11~2015.03
using MIKE and their impacts were analyzed. For validation of the 2017.12~2018.02
model, observation data before and during construction were used. 3 BA-03 UTM-52N LAT 10 m 2018.05

2018.10~2018.11

I, Methodology

that uses sound pulses and other types of waves to gather ocean data
such as current, wave, bathymetry, and so on. These data were first
analyzed and later, will be used in the numerical model for
simulation of future phenomenon.

For the numerical model formulation, observation data is
crucial in defining current status and for the validation. Korea
Electric Power Corporation (KEPCO) carried out government
project to develop the remote environmental monitoring system
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Fig. 2. Wind rose plot of HeMOSU1.

Fig. 3.  Location of current and water level measurement stations used.

Fig. 4. Location of wave measurement stations.

TABLE 3
Wave Data
Station  Latitude  Longitude Depth Period T}(’ig::f

2014.11.13~2014.12.12
W-1 126.2541667 35.475 -10.8 2015.04.23~2015.05.22 Wave
2015.07.29~2015.08.27

2014.11.13~2014.12.12
2015.04.23~2015.05.22
W-2  126.3922222 35.4883 -5.2 2015.07.29~2015.08.27 Wave

2016.02.04~2016.03.04

TABLE 2
Water Level and Current Data
Station Latitude Longitude Depth Period T}(’jl;‘;Of
T-1 126.25417 35.47500 -10.8 2014.11.13~2014.12.12
2015.02.10~2015.03.11 Water
T-2 126.39222 35.48833 -5.2 2015.04.23~2015.05.22 level

2015.07.29~2015.08.27
2016.02.04~2016.03.04

2014.11.13~2014.12.12
PC-1 126.25417 35.47500 -10.8 2015.04.23~2015.05.22 Current
2015.07.29~2015.08.27

2014.11.13~2014.12.12
2015.04.23~2015.05.22  Current
2016.02.04~2016.03.04

PC-2 126.25194 35.42194 -9.4

PC-3 126.16806 35.46361 -11.5 2015.04.23~2015.05.22 Current

2014.11.13~2014.12.12
2015.04.23~2015.05.22

PC-4 126.39222 35.48833 -5.2 2015.07.29~2015.08.27 Current
2016.02.04~2016.03.04
PC-5 126.42500 35.55056 -5.5 2018.09.~2018.10. Current
2018.04.~2018.05.
PC-6 126.39361 35.42639 -4.0 2018.09.~2018.10. Current
2017.12.~2018.01.
PC-7 126.39250 35.48806 -5.2 2018.04.~2018.05. Current

2018.09.~2018.10.
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A. Analysis of Data

Bathymetry data in three different areas around South West
offshore wind farm were measured for various periods before and
during construction as in Fig. 1 and TABLE 1.

These bathymetry data are used in the formulation of local
model around South West offshore wind farm as nested depth data.

For wind speed and direction, offshore metmast data from
HeMOSU1 was used. The period for the data is from 1st march 2008
to 22nd July 2014 and time step is 3 hours as in Fig. 2.

Water level and currents are also measured for various points
around the area for different periods. They range from far offshore
to coastal area. The location and the periods are listed in Fig. 3 and
TABLE 2.

Wave data is also measured for various periods at two points
which location and detailed information listed in Fig. 4 and TABLE 3.

Apart from the above listed data, there are various other data
used in this study like simulation significant wave data for extreme
wave analysis, typhoon data, and so on.

B. Hydrodynamic Modelling

For MIKE21, Hydrodynamic Model (HD) is based on DHI’s Flow
Model (FM) module which is 2D free-surface depth-integrated flow
model that is based on 2D incompressible Reynolds-averaged
Navier-Stokes equations subject to the assumptions of Boussinesq
and of hydrostatic pressure. HD model includes both astronomical
tide and surge forced by the meteorological data and will give results
in water level, current speed and direction.

There will be two different model set up for accurate forecast,
one being regional HD model and another, local HD model. Regional
HD model includes the area of Bohai bay to South East part of Korean
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40 Bl Above 0 Settings Value
1 = 25- 0 Mesh resolution Characteristic element size 5,000 m
381 [ :32: :ia Time step 30 minutes interval
Bl -100- 75 Eddy viscosity Smagorinsky formulation with constant = 0.28
363 [0 -125--100 Wind forcing CFSR dataset, Wind drag coefficient linear increase
1 = jgg:ig Tidal potential Not included
] B 200--175 : Manning number, M = 35 m1/3/s if depth <-25m,
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1 Bl 300--275 conditions
1 Bl 325--300
30 Bl -350--325
1 I Bclow -350
; i . d Undefined Value
120 125 130 TABLE 5
. ) . [deg] Sensitivity Test Cases
Fig.5.  Regional model domain and bathymetry. Case  Manning number Wind Friction Eddy Viscosity
2m/s 0.001225
1 35 10m/s 0.004525 045
2m/s 0.001225
1]
2 40 10 m/s 0.004525 0.45
e 3 45 2m/s 0001225 045
3990000 10 m/s 0.004525 )
. 2m/s 0.001225
IDR0000
o 4 Varying 10m/s 0.004525 045
. 2m/s 0.001225
R e > Varying 10m/s 0.002538 0.45
3950000 = Above -3 . 2m/s 0.001225
: % 3 6 Varying 10m/s 0.004525 0.28
P00 = |--.I f;
s — e
1920000 —
omo -
ot =
B -
3890000 . oo
-
IRH0000 I Eelow 45
Undefined Valuc
201349 292757
[m]
Fig.6. Local model domain and bathymetry.
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Fig.8. Time series comparison of current.
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peninsula. Model domain and bathymetry of the regional model is
shown in Fig. 5.

For three open boundaries, boundary conditions of regional
model are got from global ocean tide model DTU10. MIKE uses
triangular flexible mesh and the grid size can vary from complicated
terrain to simpler ones and mesh resolution is about 5,000 m. Other
parameters of regional HD model are listed in TABLE 4.

To achieve high quality results in simulation of environmental
impact, high-resolution local HD model using observation data for
bathymetry and other data is used with nesting techniques. Local
model domain and bathymetry is shown in Fig. 6.

For local model, there are parameters which has to go through
sensitivity test as a calibration of the model. Usually in the ocean,
some of the parameters vary from area to area and hence empirical
values are generally used for simulation but in this case, since we do
not have enough experimental data, sensitivity tests are carried out
for the best simulation of the model. The cases for sensitivity test are
shown in TABLE 5.

The results were compared with the observation data to find
out which case simulates better. With various tests, case 5 was found
to simulate the result with minimum differences. For manning
coefficient, 40m1/3/s was used for water depth less than 25 m, and
47m1/3/s otherwise and other values of wind friction and Eddy
viscosity are shown in the above table. Comparison of model and
observation results are shown in Fig. 7 through Fig. 9.
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Fig. 11. Domain and mesh for regional (top) and local (bottom) SW model.

C. Wave Modelling

Wave is an important parameter when dealing with ocean
environment since wave induced shear stress is a key factor for
sediment suspension and morphology change. Also, wave induced
currents from typhoons and high waves will result in bathymetry
change and scour as well. In this study, wind forcing from CFSR
(Climate Forecast System Reanalysis) data will be used to get 50
years return-period significant wave height. This will be used
several times to simulate extreme events for morphology and scour
change.

Wave model used in this study is spectral wave (SW) model
which is based on an unstructured, cell-centered finite volume
method and uses unstructured mesh. The model is able to simulate
the growth, decay and transformation of wind-generated waves and
also swells in offshore and coastal areas. The SW model also uses
regional domain and local domain mesh which was used in the
simulation of HD model. Domain and mesh for spectral wave models
are shown in Fig. 11.

Calibration test is carried out for the wave model. Parameters
include bottom friction, Energy transfer including triad-wave



KEPCO Journal on Electric Power and Energy, Volume 7, Number 1, June 2021, pp. 145-152, DOI 10.18770/KEPC0.2021.07.01.145

Fig. 12. Coupled (red) and uncoupled (blue) air-sea interaction.
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Fig. 13. Time series of significant waveheight at HEMOSU1 during the
Tembin, CAP value of 0.065 (top), and 0.06 (bottom).

interaction, white capping, and so on and they are listed in TABLE 6.

In MIKE21, SW allows the use of a coupled, uncoupled or
spatially-varying specifications to estimate surface roughness and in
this study, spatially-varying approach was used and it is shown in
Fig. 12.

It is quite important for wind-generated waves such as
typhoons and high waves during winter, to define limit on wind drag
coefficient. The effect of wind drag is shown in Fig. 13.

After the calibration test, final model set up of local SW model
is shown at TABLE 7.

D. Scour

South West offshore wind farm was constructed in relatively
shallow water (depth of 10-30 m) and wave induced currents cause
the movable sea floor sediments interact with the turbine
foundation resulting in scour hole development. This is caused by
change of the flow pattern which can be described as horseshoe and
lee-wake vortices. Horseshoe vortex is formed in front of the pile
which is caused by rotation of incoming flow which then undergoes
a three-dimensional separation that increases the shear stress in

TABLE 6
Calibration Test Parameters
ID Parameter Value Maml}'/
(range) concerning
1.0 - - Baseline
L . Extremes
1.1.a  CAP (upper limit on wind drag) 0.065 (typhoons)
1.1.b  CAP (upper limit on wind drag) 0.06
1.2.a Kn (bed friction) 0.01 Shallow water
1.2b Kn (bed friction) 0.005
14a Cdis 2.106 Overall
o (white-capping factor) )
Cdis
14.b (white-capping factor) 187
1.5.a Ddis 0.4 Wave periods
- (white-capping distribution) ) P
Ddis
15.b (white-capping distribution) 0.337
1.6 Air-Sea interaction Uncoupled Short fetch
(Nearshore)
172 . Gamma . 09 Extremes
(depth-induced breaking) (shallow)
Gamma
17.b (depth-induced breaking) Lo
TABLE 7
Summary of Local SW Model Set Up
Setting Value
Mesh resolution varying
Basic equations Fully spectral in-stationary
Time step (adaptive) 0.01-3,600 s
Water level HD local model
Current speed Not included.
Energy Transfer Triad-wave interaction included
Wind forcing CFSR, typhoon parameter varying
Air/ w?:;glensnty Varying in time and domain, calculated from CFSR
Wave breaking Included, Specified Gamma, y=1, a= 1

Bottom friction Nikuradse, kn = 0.005 m
Formulation: Cdis =2.106 (offshore)

Cdis=1.87(nearshore), DELTAdis =0.337

White-capping

Boundary 2D spectra varying in time and along lines
conditions from Yellow Sea Wave Model
Output 1-hourly, integrated wave parameters
specifications at every mesh element

. Separation
Approach Lee-wake
L~ vortices
flow .

Horseshoe
vortex

Fig. 14. Scour mechanism around cylindrical pile.
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Fig. 15. Modeling results in 201801 (up) and at 201805 (bottom).

TABLE 8
Design Parameters for Scour Simulation
D Diameters Water Depth Spacing Grain size
(m) (m) (m) (mm)
NO.16 (Jacket) 1.115 -11.4 5.25 0.061

front of the pile up to 5 times or larger than the undisturbed bed
shear stress. For lee-wake vortex which is caused by the rotation in
the boundary layer over the surface of the pile, the shear layer from
side edges of the pile roll up to form this vortex behind the pile and
it can reach up to 4 to 10 times undisturbed ones. It is shown in Fig.
14.

The scour calculation for MIKE model assumes that the seabed
near the pile always develops towards an equilibrium scour depth
determined by the actual environmental condition, in which case we
have the observation data, and scour depth and width at each time
step are calculated based on bed shear stress.

The mean bed shear stress Tmean is a function of the bed shear
stress for current, 7. and the bed shear stress for wave, 7w and a
coefficient, Y which depends on the choice of bed shear stress metho
d and the internal angle between waves and current.

Tmean = Y (Tc + Tw) e8]

The bed shear stress for current only, 7. is related to the depth-
averaged current, V, through the drag coeffient, Cp, by

150

T = pCpV?2 )
where
0.4 2
P 3
C [1 +1In(zy/h) 3)

where h is the water depth, z, = ks/30 and kg = 2.5 X ds.
The bed shear stress for waves only, Tw, is expressed by

7 = 0.5pf,, U2 (4)

where fyis the friction factor for the wave and Uw is the velocity at
the seabed.
The friction factor wave fy is calculated as

A —0.52

fw =139 (—) (5)

20

where A = U, T/(2p).
The velocity Uw is found by

Y T, sinh(kh) (6)

The design parameters used for jacket structure for the model
is given as in TABLE 8.

lll.  Results

A. Bathymetry Change

To simulate the partial discharge inside a gas-insulated
transformer, an experiment was performed by applying IEC 60270.
First, within a 2L-sized partial discharge cell, 99.999% pure SF6 gas
was injected with the gauge pressure, one barMorphological
calculations were made using MIKE21 and the simulation period is
5 months (January 2018-May 2018) and the simulation results were
compared with the observation data.

The solid line in Fig. 15 shows the observation data and
colored area shows the model results. The sedimentation occurs
during winter monsoon and it can be seen in the above figure that
isobath of different water depth moves towards west. but due to
computational time limit and coarse mesh, the isobath does not fit
so well after simulation for 5 months. Still, we can see that the model
represents the tendency of accretion quite well.

The impact of wind turbines was also simulated and the results
without wind turbines and result with turbines in place were
compared to see the overall impact on seabed as in Fig. 16.

24-hour simulation of 50-year return period wave condition
was used and the results show that water depth increase of 10-20
cm per year on average but this is obviously due to monsoon. The
overall bed thickness is about 0.02 cm near the wind turbine which
is considered to be negligible.

B. Scour

The equilibrium scour depth was found out to be 1.9 m from
the simulation by mud transport model from MIKE and time scale
for equilibrium scour depth was tested using different current-alone
cases as in Fig. 17.
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Fig. 16. Total bed thickness change after construction.
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Fig. 17. Time scale of scour in current alone case.

It was assumed that for current-alone case, current was
applied continuously to reach the equilibrium scour depth and time
taken was sought. It was shown that for current under 0.4 m/s, 2.1
days were taken to reach the equilibrium scour depth and for 0.6
m/s, 0.4 day, 0.8 m/s 0.1 day, and for 1 m/s, only 0.9 hours were
needed.

With real data from observation, simulation was made for
period from December 2017 - May 2018 and the scour development
of No. 16 jacket foundation were compared.

It is shown in Fig.18 that current increases scouring depth but
the waves cause deposition and this pattern repeats. With relatively
high waves above 1.5 m cause deposition but for current, the rate at
which scour depth increases is proportional to current speed.

IV. Conclusion

Observation before and during construction of South West
offshore wind farm were made and data were used but since the
operation of offshore wind farm was not made, its’ environmental
change was simulated using numerical software, MIKE21. Results
show about 0.02 cm change of bathymetry by offshore wind turbines
which can be negligible. For scour, about 1.9m of equilibrium scour
depth was simulated and this result show good agreement with

Scour Depth [m

16: Sign. Wave Height [m] ——
No.16: Current speed  [mis]
No.16: Current direction [rad]

-10
December January February March April May
2017 2018 2018 2018 2018 2018

No.16: Surface elevation [m]

40

20

0.0

-20

4.0
December January February March April May
2017 2018 2018 2018 2018 2018

Fig. 18. Scour development under wave and current conditions.

observation data which was about 1.9 m to 2 m. It was also shown
that current increases scour depth and during high waves,
deposition occurs. More studies should be made and observation
data must be acquired during operation of offshore wind farm to
confirm the results of numerical simulation.
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