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Identification and application of operation windows of jacket platform construction in East
China Sea

WANG Liang, ZHANG Zongfeng, WANG Qi
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Abstract: The East China Sea experiences exireme waves and frequent typhoons. Currently, the installation design of jacket platforms in the
East China Sea is mainly based on the sea state restrictions and standby coefficient obtained from installation experience in the South China
Sea. Consequently, the actual installation period and investment of jacket platforms in the East China Sea deviate significantly from design
expectation. Therefore, studying the operation windows of jacket platform construction in the East China Sea plays an important guiding role in
ensuring their safe and economical installation. At present, a large number of studies have focused on the operation windows for offshore wind
turbines in shallow waters, and some studies have analyzed the operation windows for offshore operation in the deep waters of the South China
Sea. However, research on offshore operation in the East China Sea remains limited. The area of the East China Sea investigated in this study
is classified as mid— to deep—water, with depth ranging from 80 to 110 m, and its waves are larger than those of the South China Sea. The
jacket platforms operating in this area have significantly greater sizes and weights than offshore wind turbines, making the installation of
offshore oil and gas platforms much more difficult than offshore wind turbines in this area. The stability of the floating crane vessels and the
property of the cranes are very important for the offshore installation. Generally, both daily reports during the operation period of the
installation and the simulation analyses according to the design parameters of floating crane vessels such as Huatianlong, Blue Whale, are
essential. Code checking based on Noble Denton and API standards was performed on the operation performance of floating crane vessels and
cranes. By comprehensively analyzing the actual installation conditions of the platforms, the stability of floating crane vessels, the capability of
cranes, and the environmental conditions were identified to meet the requirements for jacket platform installation by the crane vessels. The
results showed that when the jacket was installed, the wind speed was required to be no more than 10 m/s, and the significant wave height must
not exceed 2.0 meters. Otherwise, when the stability of the floating crane vessels deteriorated, the installation conditions could not be satisfied.
When the topsides were required to nest the Christmas tree, stringent demands were imposed on the floating crane vessels regarding sea

conditions, limiting the wind speed to no more than 10 m/s and the significant wave height to no more than 1.5 meters. When the topsides were
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installed conventionally, wind speed for the floating crane vessels was required to be more than 14 m/s, and the significant wave height was not
more than 2.0 meters. During the installation phase of the jacket platform, the feasibility of offshore installation and the period of the
installation mainly depended on the stability of the floating crane vessel and the strength of the platform. The jacket platform mainly consisted
of a jacket and topsides. The installation design reports of 3 jackets and 4 topsides implemented in the East China Sea were investigated. All
jackets were designed according to the significant wave height not more than 1.5 meters and the wind speed less than 10 m/s. In addition, only
one of the four topsides installation was designed with a significant wave height not exceeding 2.0 meters, while the other topsides were
designed with a significant wave height not exceeding 1.5 meters, with the wind speed less than 10 m/s. It could be concluded that the sea
conditions adopted in the installation design of a jacket and topsides were calmer than the sea conditions allowable for the stability of the
floating crane in the actual installation process. Therefore, the sea conditions adopted in the installation design of a jacket and topsides should
be used as the governing sea conditions during the installation process. A high—precision model was used to simulate the sea state conditions
of the target sea areas in the East China Sea, and the simulation results were calibrated based on both the prediction and observation data of
the nearby sea area. Consequently, the high—precision wind wave data of the East China Sea from 2015 to 2023 were obtained, enabling the
establishment of an innovative sea state database with long time span and large data capacity. On this basis, research methods such as
comprehensive analysis method and reverse inference method were used to analyze the wind and wave data. Wind speed and wave height were
identified as two key factors to be considered in evaluating the operation windows. It should be noted that the requirements for weather
conditions varied significantly at different stages of offshore installation of the jacket platform. Specifically, the launch of the jacket imposed
relatively higher requirements for sea conditions, while the requirements for pile driving and grouting operation of the jacket were relatively
lower. To further evaluate the duration of the window period in terms of time and safety, a comprehensive analysis method for offshore
operation windows considering the effects of wind, waves, and sustainable operation time conditions was innovatively proposed. In this
analysis, any period of continuous offshore installation shorter than the required duration was excluded from being counted as an operation
window. According to the large amount of data involved, it was assumed that the wind speed did not exceed 12 m/s, and the significant wave
height was not more than 1.5 meters to simplify and accelerate the statistical analysis. Then, the duration of installation periods meeting the
wind and wave requirements were statistically analyzed for intervals of at least 24, 48, and 72 hours, respectively. A code was developed via
MATLAB to read the wind and wave data day by day, and subsequently, the annual and monthly operation windows were evaluated. Finally,
reverse inference analyses were performed. The results showed that the average number of operation windows exceeded 15 from March to
August, and the number of operation windows in October was at least 8.44 under the conditions of 24~hour continuous operation. Under the
conditions of 48—hour continuous operation, the average number of operation windows exceeded 10 from March to September, and there were
at least 4.75 in December. Under the conditions of 72~hour continuous operation, the average number of operation windows was more than 10
from April to August, and at least 2.38 in December. In conclusion, the optimal window for offshore installation of the jacket platform in the
East China Sea is from April to June. If the significant wave height of the installation operation considered in design is increased from 1.5
meters to 2.0 meters, the weather standby coefficient will be reduced by 20% to 40%. Therefore, to improve the offshore installation efficiency
of jacket platforms and reduce the waiting probability, it is recommended to adopt the significant wave height of 2.0 meters for jacket
installation design. When the topsides are required to nest the Christmas tree, the installation design should adopt the significant wave height
of 1.5 meters, and the installation design of the remaining topsides should adopt significant wave height of 2.0 meters. These research findings
fill the gap in the operation window data for the East China Sea and effectively ensure the safety of the offshore installation of jacket platforms.

Keywords: East China Sea; platform installation; design sea state; vessel performance; operation window
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Table 1 Statistics of sea state of installation and operation

status for specific jacket platform
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Table 2 Statistics of sea state of installation and operation

status for specific CEP topside module
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Table 3 Stability parameters of floating crane vessels
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Table 4 Regulatory requirements for vessel inclined loads
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Table 5 Monthly wind speed statistics (2015-2023)
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Table 6 Monthly weather standby rate (2015-2023)
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—Hof [F1) Bt PN AR 0 A IR B J53 2 A 0 Al {EL S T
LY MNIZ I ] BERE AN AVEML 7 18 25 3
W R R, N TS BB, R, 1 S T
WEHAR KT 12 m/s, A LY AR 1.5 m, B2 DL
S5 A B RF B 4 BIAS /DT 24 h 48 h AT 72 hoACA I
54 A8 matlab SR FEE H IBORTR A | I F B 2 75 6
JEHARSE OB, LI20234E1 H B, AT A 1T H
OfFZ 1 A 2 H oL} 24 b 4 28005 , 4 4Bt 1] BEZ S A7
ARG /N 12 m/s, A LB E/NT 1.5 m, G IAE
LA 1THA 1424 hAEML i 1 M2 HE, 2023 4 1 H 451
24 hVEML % DB 104, TR T & 4E% AR 0
B, DL 9 a g H I I E AR R (E e/ MA , Ho 48 h
B BN ER 7 Fis .

®7 2015—2023 FHF XA 48 hiEWE O
Table 7 Number of 48—hour operation windows by month and year (2015-2023)

A WBE WIGE 0E 0wE 00 0k ek wmE ami byl R
WO EWHE  FHHE wOH wOd mHg mHE w0 wOH 7 8 WHE
1A 6 7 7 6 6 8 8 7 3 6.44 3 8
2H 5 6 8 3 1 12 6 4 3 5.33 1 12
3AH 12 10 10 12 8 8 13 13 14 11.11 8 14
4 H 11 15 16 19 24 18 3 16 14 15.11 3 24
5H 15 14 25 11 17 21 23 23 11 17.78 11 25
6H 16 13 16 11 22 12 21 12 21 16.00 11 22
7H 5 19 20 13 13 12 15 17 5 13.22 5 20
8H 10 14 12 7 9 13 14 20 17 12.89 7 20
9H 8 13 15 7 8 9 19 10 18 11.89 7 19
101 5 3 4 7 5 4 2 14 5.44 2 14
114 12 9 4 6 6 1 9 12 7.33 1 12
12 H 4 4 6 5 5 1 0 4.75 1 8
gt 109 131 143 103 127 124 138 134 132 127.31 60 198

U803 23 B 0 v A5 5« AF 24 W SR R F
3—8 I IE L B B RER 2 154 LA 1, 10 7 8 8L
/DR 844N s 1E 48 h /R 4514 T, 3—9 A F31E
W IEFE 104D E 12 A/l 4754 76 72 hif 4k
PR 254N, 4—8 H P34l i L e 1040~ B 12
/R 2.384 . [, 32 H Gt TR R an & 8 firR
24,48 .72 h 3% B M B [H] 42 A7 1 7 B4 M Ak 2 40 5 Dy
48%.35%.25%.

®8 2015—2023 F& H{EgE
Table 8 Monthly operation probabilities (2015-2023)

A P A2 1% Ao YR A /%
24h  48h  72h 24h  48h  72h
1A 37 21 10 7H 53 43 36
2H 35 19 10 8 H 53 42 32
3A 52 36 25 9H 49 40 32
45 62 50 41 10 H 27 18 11
51 71 57 45 11H 39 24 13
61 67 53 44 12 H 29 15 8

4 ZgHiAiR

D) g T RE A G REENE O . L5 %5
R IR AR B FH R R IE R 40T B L i i
FEAEML % IR BRARE I 4—6 H |, Wl & L 2 2 45
HBGRPERIT R Bt AT 2Rkl

2) HHIEE] T ORFE O KA TR R, S
BAREAR, 24 hBEZLARAMAB LT ,4—6 ARl %
260%,3 H .7—9 A1E LR 2k 50%, Hoax A V%
24 30% ;48 hiESEAE ML BT , 45 A 3 AE ML R 44 24 h [
R 10% 247572 Wi SR L T, 4 H VR 348 24 h
FAAR 20% 2245

3) AT EE R 8 T e 2 T AT B AT Mt
TARML . ARHERFTEAE SR TR AR SO 2.0 m TG BT
PB4 T4, 1A SR 1.5 m 4 e 22 2.0 m B, 4%
H RS BEHLRIIA 20%~40% KRR , L, it s S8
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