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Basic design assessment of coexistent cage aquaculture an
offshore wind farm based on numerical analysis

Doohyun Kyung, Hoyeop Lee, Keumseok Kang*:*fungnﬁn Park”, Soowon Kang
and Chanjoo Kim

Key Words : Offshore wind farm (3J-5-5°8HR)), Cage Aquaculture (7}-72/%4/3)), Basin Experinent (-5 2 E4/3),
Numerical analysis (7°3]3]4), Feasibility assessment (E}5-§ 57hH

ABSTRACT

This paper examines the design feasibility of cage aquaculture coexistent with an offshore wind farm in the
southwestern sea of South Korea. Among the many types of fish farms, 2 x 3 cage aquaculture was selected
for the investigation and the initial design including mooring lines, bridles, etc. was drawn with iterative
numerical simulations using Orcaflex. Experimental campaigns were conducted to validate the numerical results,
and they were found to be in good agreement with the experiments. Using a validated numerical model, the
tension of mooring lines and the deformed volumes of the facility were examined under given operating and
survival conditions. The validated model will be further used to investigate various aspects of the cage farm
design for design optimization.
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Table 1 Cage specification

Component Description Value
Material HDPE
Inner circumference [m] 30.00
Floating | ¢y o+ circumference [m] 3143
collar
Pipe Diameter [m] 0.315
Pipe Thickness [m] 0.0187
Material Polyester
. Diameter [mm] 60.0
Mooring
rope Unit mass [kg/m] 2.73
Min. breaking load [ton] 498
Material Steel
Ground Diameter [mm] 270
chain Unit mass [kg/m] 145
Min. breaking load [ton] 61.0
Material Nylon
Type Knotless
Net
Twine diameter [mm] 40
Unit mass [kg/m’] 0.65
Material Polypropylene
Diameter [mm] 72
Bridle
Unit mass [kg/m] 2.34
Min. breaking load [ton] 614
Buoyl / 2 Volume [Liter] 400 / 670
Material Concrete
Sinker
Mass [kg] 90
o] W9 # AEs xdsild Ajtsit) olzer AA,
A 3L 2xo AY dHolEE V|Rte R AXH o
ofF JAIRE E AN E FEEXA TEAG A

]
o AAA #rt dAol=RE Table 29} #o] ABS 7}
o o

Table 2 Static-dynamic stiffness

Static stiffness(EA)

13 x Minimum Breaking
Load(MBL)

Dynamic stiffness(EA)

31 x Minimum Breaking
Load(MBL)
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Table 4 Minimum cage fraction [%] with current = 0.5m/s

H\T 4sec Bsec 6sec Tsec 8sec 9sec
1.0m 8.8 8.3 86.9 817 832 879
1.5m 839 822 847 864 87.0 86.8
2.0m 810 788 81.8 345 8.4 8.2
2.5m 770 7.0 782 820 834 83.3
3.0m 687 69.9 737 92 80.9 810
3.5m 62.7 683 %38 780 784
4.0m 542 62.1 719 47 755
45m 454 56.4 674 711 724
5.0m 36.3 51.8 626 67.4 69.2
5.5m 433 585 63.7 66.0
6.0m 451 5.2 60.3 62.9
6.5m 39.7 523 571 59.9
7.0m 365 495 542 570
7.5m 336 455 517 543
8.0m 313 4038 494 519
8.5m 30.7 373 467 498
9.0m 30.7 352 422 479
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Table 5 Minimum cage fraction [%] with current = 1.0m/s S BT dMzAd AFHA AE Axs
~ 7}
H\T 4sec Ssec 6Bsec Tsec 8sec 9sec Table 7 99]— = \:]'
1.0m 604 60.7 60.9 611 612 611
1.5m 573 583 500 506 509 508 Table 7 Mean tension [ton] with current = 0.5m/s
2.0m 514 %23 567 579 585 584
2.5m 405 516 4.2 56.1 56.9 569 H\T 4sec Ssec 6sec Tsec 8sec Osec
3.0m 300 463 515 543 5.2 54 1.0m 22 20 19 18 17 17
35m 400 439 525 535 538 15m 29 24 22 20 19 18
4.0m 343 4538 508 518 522 2.0m 37 29 25 23 2.1 20
45m 209 26 438 503 507 2.5m 16 36 29 26 24 22
5.0m 326 392 167 38 493 3.0m 57 43 34 30 27 25
5.5m 362 445 472 479 3.5m 52 40 34 30 28
6.0m 339 417 44 465 40m 63 47 38 34 31
6.5m 31.6 385 439 449 45m 77 55 44 38 35
7.0m 22 353 45 430 50m 95 65 50 42 39
75m 82 333 84 416 55m 76 57 47 43
8.0m 299 32.1 %5 400 6.0m 30 56 53 17
8.5m 302 308 335 381 65m 05 76 m =
9.0m 308 208 323 363 70m 120 T o7 o5
- o B 75m 137 99 76 65
Table 6 Minimum cage fraction [%] with current = 1.5m/s 30m IEG 2 e -
o7
H\T 4sec 5sec 6sec Tsec 8sec 9sec 85m I;L_‘ iz“) 1%{ 72
om | 43 20 2 12 39 36 9.0m 195 41 5 8
1.5m 392 24 37 135 431 27 ! )
20m 9 00 o5 56 3 7 Table 8 Mean tension [ton] with current = 1.0m/s
2.5m 280 369 410 415 412 408
30m %1 27 302 101 01 00 }i (\)[: 4:? 5Ze1c 6;? 7;;“ Siegc 9;‘:;
35m 281 368 386 339 301 o = 5 B o m 0
40m 267 340 369 377 331 : 2 - - = : -
2 > 2.0m 63 53 48 45 43 12
45m 238 316 352 366 372 >
S - , 2.5m 30 63 53 19 16 45
50m 58 29 36 58 %3 3.0m 100 75 6.1 54 50 48
5.5m 212 3L 315 54 35m ' 50 70 60 55 52
6.0m 266 209 28 346 om 0 %0 o m -
6.5m 262 200 312 333 A5 o 3 75 " 2’2
7.0m %0 218 29 320 5.0m 141 106 85 71 65
7.5m E %8 B X7 55m ' 120 9 81 74
8.0m 238 26,0 07 295 5 om T 08 m o
8.5m 28 254 2.7 281 - = - = -
oom 20 o) o o 6.5m 150 120 99 39
. - — - — 7.0m 166 133 110 97
7.5m 183 148 120 106
HE Ay BE §FE5Z2ANA 9 F7|71 Z718h 8.0m 203 163 132 115
B} . 85m 2.1 178 144 125
U:]—% %Zjl % ZZ]I——}‘\— 761 63:'\_(_)_‘ “4’—1—17]' g__/l:% T = E% X] 7“ 9.0m 2.1 195 157 136
Bgsgon, U s @ F7] 2ANNE FEol
e e e v Table 9 Mean tension [ton] with current = 1.5m/s
ST E BAEo| fhdte AEs BT
fr4ol 05 m/solN 10m/s2 F7be o gy g7 (HAL | dsee | B | fwe | Toee | B | e
- o 1.0m 79 76 73 72 72 71
%, 1.0 m/sollA 1.5 m/Si Z7re o Fd 25 %9 & 15m 91 83 78 76 74 73
A0&E BA %ol 05m/s 718 wwit)h & 3‘5"“ igg 1%3_ 23 :; ;; ;g
.OIm . .0 . . . A
HNEL Hit 26 % lﬁﬂi AastE AdE HEow, 30m 140 118 103 94 83 85
a7} 342 7480l e Ao eyt 3.5m 133 114 103 95 90
40m 1438 126 112 102 96
_ 45m 164 138 123 111 103
=M A2 HiS
5.2 AR Z s 5.0m 182 15.1 133 120 1.1
5.5m 165 145 129 119
AFA e BA4F YAl Axste] by [oom B[ 8 |0 | s
o 6.5m 197 17.1 150 137
2 o] FE3ts MR AFAS ez F718k4 70m 213 184 162 17
o} FREA A AR Aol SEe= FklA ;(5)2 231 199 174 157
_ ) 250 214 186 163
o Ay Hd#}e EUE % du 2 3579 o 85m 270 230 198 178
9.0m 200 246 212 190
SANUXML: M153, 15, 2024 37
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Table 10 Operating and survival conditions
Condition Description Value
Significant wave height [m] 1.15
Operating Wave peak period [s] 564
Current speed [m/s] 052
Significant wave height [m] 8.64
Survival Wave peak period [s] 16.37
Current speed [m/s] 1.48
38
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B /AR HE

3} Q1 oy

G % 3ol B 19l
13k (Cage 4, 5 & 60 23}

ol
=<

6.1 AFM ge|g
Table 1A
2 3R zAA
SrHE 1.67(APL 7]
el tH(Table 11).

wa_
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Table 11 Safety Factors of mooring & bridle line

No. Safety Factor Note

Mooring M28, 31 141 NG

Bridle S15, 16 1.13 NG
FFTHEAN FEAGEN S N oiddu] 9
sharo] W, shgEHTAe) Aad st f
@& ¢ glomz oMl ANHAE | A

Table 12 Changed specifications of Mooring & Bridle line

Component Description Before \ After
Material Polyester
Mooring Diameter [mm] 60 75
rope Unit mass [kg/m] 2.73 4.26
Min.breaking load [ton] | 498 | 77.7
Material Polypropylene
Bridl Diameter [mm] 72 120
¢ Unit mass [kg/m 234 | 65
Min.breaking load [ton] 614 | 162.7
HAE AARMIA &9 2 T8 2dAAMY AR
M¥ Bels 42e 7h Fig. 137 Fig. 149 Yehiid
o oo w& ¢tAE-L Table 137 2t}

Table 13 Safety Factors of mooring & bridle line

No. Safety Factor Note
Mooring M28, 31 1.75 OK
Bridle S15, 16 1.77 OK
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