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ABSTRACT

In the case of a floating offshore structure such as FPSO(Floating, Production, Storage, and Off-
loading unit), many equipment should be installed in the limited space, as compared with an
onshore structure. Recently, the requirement for an optimal layout method of the structure has
been raised. Thus, a layout method of the floating offshore structure was proposed in this study.
First, an optimization problem for layout design was mathematically formulated, and then an
optimization algorithm was implemented based on the genetic algorithm in order to solve it. To
evaluate the applicability of the proposed method, it was applied to examples ofFPSO topsides
and an offshore wind turbine. As a result, it was shown that the proposed method can be
applied to layout design of the floating offshore structure.

Key Words: Floating offshore structure, Genetic algorithm, Layout method, Optimization
technique
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Fig. 1 Flow diagram of the proposed algorithm for
module layout
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Table 1 Example of the antagonisms matrix for all modules of FPSO topsides

FUNCTION GROUP W|D|SS|GP|GC| R | F |[LQ| C [WS|MH| U |SU|EL|TS | WI
REACT| 3 | 3 |3 (3|23 |3 |3 [3]|2|2]|2|3[3]|3]|2
ACT

WELL HEAD W 3 -3 (3 (3 (3313|3333 |3|3|3]|3]3
DRILLING D 3 - 303 (3 (3 (333 3|3|3]|3]|3]3]3
SEP/STABILIZATION SS 2 -3 (3313131321212 |3|3]|3]2
GAS PROCESSING GP 2 -3 33 (3312121213 |3]|3]2
GAS COMPRESSION GC 3 - 33333313133 ]|3]3
RISERS 3 -3 (3333|333 3]3
FLARE SYSTEM F 2 -3 3]12(212|3[3]|3]|2
LIVING QUARTER LQ 0 - 1 L2122 ]|3}(3]1
CONTROL C 0 - {21223 |3]|1
WORKSHOP/STORES WS 0 -1 1 1 {221
MATERIAL HANDLING MH 1 - L2221
UTILITIES U 1 -l 21221
SAFETY UTILITIES SU 1 -1 3131
ELEC.POWER GEN. EL 3 -1 312
TRANSMISSION SYSTEMS | TS 3 -] 2
WATER INJECTION WI 0 -
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Table 2 Example of the engineering affinities matrix for all modules of FPSO topsides

FUNCTION GROUP W|D]|SS|{GP|GC| R F |LQ| C | WS|MH SU | EL | TS | WI
WELL HEAD W - 3 3
DRILLING D -
SEP/STABILIZATION SS - 3 3
GAS PROCESSING GP - 3
GAS COMPRESSION GC -
RISERS -
FLARE SYSTEM F -
LIVING QUARTER LQ -3 3
CONTROL C - 3
WORKSHOP/STORES WS
MATERIAL HANDLING MH
UTILITIES U
SAFETY UTILITIES SU -
ELEC.POWER GEN. EL -
TRANSMISSION SYSTEMS | TS -
WATER INJECTION WI -
Table 3 Example of the manning affinities matrix for all modules of FPSO topsides

FUNCTION GROUP W[ DJ[sS[GP[GC] R | F [LQ[ C [ws[mH SUTEL] TS [wI

LUND| 3 3 3 3 1 21013 3 3 3 1 210 3

WELL HEAD W 3 - 3 3 3 3 3 3 3 3
DRILLING D 3 - 3 3 3 3 3 3 3
SEP./STABILIZATION SS 3 - 3 3 3 3 3 3
GAS PROCESSING GP 3 3 3 3 3 3
GAS COMPRESSION GC 1 -
RISERS R 2 -
FLARE SYSTEM F 0 -
LIVING QUARTER LQ 3 - 3 3 3 3
CONTROL C 3 - 313 3
WORKSHOP/STORES WS 3 - 3 3
MATERIAL HANDLING MH 3 - 3
UTILITIES U 2
SAFETY UTILITIES SU 1 -
ELEC.POWER GEN. EL 2 -
TRANSMISSION SYSTEMS | TS 0 -
WATER INJECTION WI 3 -
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Table 4 Example of the closeness factors matrix for all modules of FPSO topsides

FUNCTION GROUP W |D|SS|GP|GC| R | F |[LQ| C |WS|MH| U |SU|EL|TS |WI
WELL HEAD W - 6 3 0 0 0 3 3 3 3 0 0 0 0 3
DRILLING D - 3 3 0 0 0 3 3 3 3 0 0 0 0 3
SEP./STABILIZATION SS - 6 3 0 0 3 3 4 4 1 0 0 0 4
GAS PROCESSING GP - 3 0 0 3 3 4 4 1 0 0 0 4
GAS COMPRESSION GC - 0 0 0 0 0 0 0 0 0 0 0
RISERS R - 0 0 0 0 0 0 0 0 0 0
FLARE SYSTEM F - 0 0 1 1 1 0 0 0 1
LIVING QUARTER LQ - 8 5 4 1 4 0 0 5
CONTROL C - 5 4 1 4 0 0 5
WORKSHOP/STORES WS - 8 2 2 1 1 5
MATERIAL HANDLING MH - 2 1 1 1 5
UTILITIES U - 1 1 1 2
SAFETY UTILITIES SU - 0 0 2
ELEC.POWER GEN. EL - 0 4
TRANSMISSION SYSTEMS | TS - 1
WATER INJECTION WI -
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1st Parent(P,) . .
| 8 7 1i0 6 314 9 5 2 |

2nd Parent(P,) .
| 0 2 4i3 1 5i6 7 8 9 |

1st Child(Cy)

| 8 7 1i3 1 5i{4 9 5

Fig. 3 Example of the ordinary 2-point crossover
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| 0 2 4i3 1 5i6 7 8 9 |

-

| 315

| 8 7 X 9 X 2

| 8 7 6 4 9 X 2 |
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I876§315§4902|

Fig. 4 Example of the modified crossover operation for
generating the first children
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1st Child(c,) — Before mutation

| 8 76 31 5490 2

-

1st Child(c,) — After mutation

| 8 36 71 2490 5

Fig. 5 Example of the mutation operation applied to the
first children
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Table 5. Modules on FPSO topsides to be considered in

this study
M()I(]i;le Module name MOdlEltZ;]velght
1 Electrical BLD'G 910
2 Power generation 2,270
3 Water injection 2,240
4 Utilities area 1,700
5 Separation Train 1 1,810
6 Separation Train 2 2,050
7 Injection comp. 2,800
8 I/M metering 960
9 SDV platform 780
10 Recompressor 1,590
11 M/F dep. tower 1,710
12 Laydown area 105

2@ - ok - P

®
®

STBD SIDE

Fig. 6 Zone ID of FPSO topsides in this example (plan
view)

Table 6. Comparison of the performance results of the
existing layout and the optimized layout by the
proposed method

Result of the | Result of the

existing developed

layout program

393,050

Total flow volume 463,010 (-15.1%)
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2.7814
in the y direction (m) (-84.2%)
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Fig. 8 Multi-objective ranking for the individuals
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Fig. 9 Evolution of the individuals in the objective plane
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Table 7 Modules of wind turbine nacelle to be considered
in this study
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