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Analysis and practice of wellhead suction anchor installation in deep sea
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Abstract: During the second gas hydrate trial production test, the deep-sea wellhead suction anchor technology was
firstly applied in the Shenhu sea area, which provids stable wellhead support for horizontal gas hydrate production wells
in shallow soft formations. Through the theoretical calculation and finite element analysis, the self-weight penetration
depth and negative pressure demand in the process of suction anchor penetration are studied. At the same time, the
construction technology of “step-by-step intermittent self-weight penetration, dragging and continuous negative
pressure sinking” was adopted in site, which ensured the successful installation of the first domestically produced
deep-sea wellhead suction anchor. The field practice results show that the theoretical calculation results are close to the
actual construction situation, and the theoretical analysis can guide the installation of suction anchors at the wellhead. In
addition, the penetration construction technology is featured of fast, efficient and safe. The indicators of the wellhead
suction anchor installation reached the usage demand. It has referential value for the application of suction anchor
technology in the fields of deep-sea oil and gas.
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Fig.1 Deep sea wellhead suction anchor
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Fig.2 Suction anchor installation
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Fig.3 Structure of the second production

test horizontal well
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Fig.4 Stress analysis of suction anchor
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Fig.5 Calculation model of suction anchor penetration
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Fig.6 Relationship between penetration resistance

and depth of suction anchor
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Fig.7 Relation between negative pressure required

for suction anchor penetration and depth
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Fig.8 End of self weight penetration
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Fig.9 Negative pressure penetration in place

FE 57T 5T A 5 R AT W ) i 2 TR DAL, P
FAE W BT B AT AR R — ELHE AT AR AR I, 7E T
IR R DL S W ) R B IR AR AR 017, 2R
AR AN 2 ik FRIUR] o W g il 2 e B A7 S AT K
W, SR R ) SRR S W, (i 9 A0 R ) 223580 T
159 kPa(—23 PSD), LW Fp 4R &A= F UM 4,
THE A H I B 7 38 # 3 5000 kN, i 2 B I 1
REER

(4) H4 DNV-RP-E303 #8352, 10 3% & B 1Y
W 3 6t A 2 BB 0 KT TR R A W D L T DA AE O
1R 4 0B 45 3R, 2R FH ROV 34 H W K 376 88 L 1Y)
WK A 3k, O K H B 22 B AR WK A AR 3t AT IR K
1 I g 8 TO0R Sk st PR  OFSR ROV i 4%
A DL R s 11 g Al o R R L 5 B TR
TR e T

6 FHiES5HM

(D) FE I 7 g 8 0 58 B 15 S A BR T 55
R BT R U TRE 6.4 m A BROTHAF I
RIZ 6 m, 5L PRBLATREE 7.3 m 77 4E —5E MY iR 22,
{HL 22 4k AT 4 5290 Bl Uk B0 5% 40 A 45 R L S T



114 R TR

20234F9 H

5L E AT AR A 2 o e R R T B S A LT B
iR AT AR WA

(2) W 34 A F 5T b B, B 2R Al K
B R BRI AR T ZHITHERA TS
AR IR I 7 Rl BN ok R B R s AR A AR
S A o P R AT IR AR ¢ i R i 2 5K
TRTEA T AHAT R Bl Ak #5652
HE i A 5T A 1T O BE AR BT AT iR s BT A
i

(3) 5 il R R ARG IR TIF R T R
F ROV #5200 77 72 JE4T I 11 ) 4 28 256 o FH 52 8%
AT R 017 F7R 4% J7 3K 8] 5250 kKN B35 3] 1
B BEOR X0 AR [ A ) 258 77 i I YK 2 SN 32 il e 52
[N G R N T S S SR T~ e = /TG 0 O B4
FIAT PR R IE B 1 A [ 2 R g Al ) KT 2l e 4 it
TR ERRL

5 % 3Lk (References) :

(1] b [, 5 2 am SO Kl U Bk i 5 3k 1 g T R K il <
A5 [, RAR Bk BL 22, 2005, 16(6) : 693-699.

WU Shiguo, YUAN Shengqiang. Advance of exploration and
petroleum geological features of deep-water hydrocarbon in the
world[J]. Natural Gas Geoscience, 2005,16(6) :693-699.

[2] ABARE, 5K, P -4 , 45 . 4 sk o A B 4 400 Jel b 5 RRAE K

S B B AR BAT i 3 B T ]. A0l 8 2 ST KL 2010, 37(2)
129-145.
ZOU Caineng, ZHANG Guangya, TAO Shizhen, et al. Geo-
logical features, major discoveries and unconventional petroleum
geology in the global petroleum exploration [J]. Petroleum Ex-
ploration & Development, 2010,37(2):129-145.

[31 dkZhal, K ar 4z, St [, & K X —— g ¥ b K Bl i 2% 4

Mo BB SR [T ] Al 2241, 2007, 28(2) 1 15-21.
ZHANG Gongcheng, MI Lijun, WU Shiguo, el al. Deepwater
area—the new prospecting targets of northern continental margin
of South China Sea[J]. Acta Petrolei Sinica, 2007, 28 (2) :
15-21.

[4] 220 . FR I R OK b AUTT S I A P e LT ] i T b
%,2006,18(2):130-133.

LI Qingping. The situation and challenges for deepwater oil and
gas exploration and exploitation in China[J]. China Offshore Oil
and Gas, 2006,18(2):130-133.

[5] ik, 8 A TR A B AR SR B e R A [T A i B
R IY,2008,30(2):10-13.

YANG Jin, CAO Shijing. Current situation and developing
trend of petroleum drilling technologies in deepwater [J]. Oil

Drilling Production Technology, 2008,30(2):10-13.

(6]

(7]

(8]

191

[10]

[11]

(12]

[13]

[14]

[15]

MO A BRI T2 ARV [T A iR AR, 2012, 40
(1):52-57.
CHU Daoyu. Well control technology in deepwater well[ J]. Pe-
troleum Drilling Techniques, 2012,40(1) :52-57.
PUREFOI RSP 7511 IR RE VY UBI Y S ok DK i ¢ 3
ST AR T2, 2009, 31(3) : 1-4.
LIU Shujie, XIE Yuhong, YANG lJin, et al. Drilling riser dy-
namic characteristics of marine deep water [J]. Oil Drilling &.
Production Technology, 2009,31(1):1-4.
SRR AR B AF L TROKOK L B R B R GEK R IO
R PRI [T ] v B L3k 73, 2009, 21(3) : 180-185.
SU Kanhua, GUAN Zhichuan, WEI Lu, et al. Analysis on sub-
sea wellhead stability of surface BOP drilling system in deepwa-
ter operations [J]. China Offshore Oil and Gas, 2009, 21(3) :
180-185.
e PR, R ROR B T A R ) A 5 BT R R R AT 5 Bt
JeLT). A B8 4, 2016 (1) : 61-80.
GAO Deli, WANG Yanbin. Progress in tubular mechanics and
design control techniques for deep-water drilling [J]. Petroleum
Science Bulletin, 2016(1) :61-80.
TR, mAEA, P54 2 AN [ B AR 1 K
BRI EAE B [T ] 8 k<, 2014, (5) : 76-82.
WANG Yanbing, GAO Deli, FANG Jun. Numerical analysis
of bearing capacity of deep water conductor with consideration
of different contract interface models between pile and soil [J].
China Offshore Oil and Gas, 2014,(5):76-82.
SRR R RN TR T R AR A B e TR B ) 3 b
(T H PR = BE A4l A AR BRI, 2010, (2) :22-24.
SU Kanhua, GUAN Zhichuan. Analysis on vertical bearing ca-
pacity of conductor and surface casing for deepwater drilling[ J ].
Journal of Chongqing University of Science and Technology:
Natural Sciences Edition, 2010,12(2) :22-24.
B Bt RIEAL 55 GBI 3R 2 S A e N 6 1 B
[J]. A 5 97 % ,2014,41(2) : 234-238.
ZHOU Bo, YANG lJin, LIU Zhengli, et al. Design of struc-
ture casing soaking time in deepwater drilling [J]. Petroleum
Exploration and Development, 2014,41(2):234-238.
LI Bo, KOU Beibei, LI Bin, et al. Application of wellhead
suction anchor technology in the second production test of natu-
ral gas hydrates in the South China Sea[J]. China Geology,
2022,5(2) :293-299.
Wang M C, Nacci V A, Demars K R. Behavior of underwater
suction anchor in soil [J]. Ocean Engineering, 1975, 3 (1) :
47-50.
VELZE FAE 0 R AR, A5 T b KU e W g i i il 7 4
fEBFFE[T]. KR4, 2016,47(10) : 1339-1345.
LIU Hongjun, WANG Quandi, PAN Chenchen, et al. The re-
search on bearing capacity of umbrella suction anchor founda-

tion for offshore wind power[J]. Journal of Hydraulic Engineer-



55 50 555 54

TR e A - TR I 1 0 22 25 03 i 5 2 R 115

[16]

[17]

[18]

[19]

[20]

[21]

ing, 2016,47(10):1339-1345.

TRH—, E A A G T Bl R SRR S ARE TERF Y
(J]. P T4, 2011,29(2) :40-45.

ZHANG Qiyi, WANG Meisheng, LUAN Maotian. Study on
bearing capacity and stability of suction anchor in deep sea[J].
The Ocean Engineering, 2011,29(2) :40-45.

SRH— EEE, E T B )l KT PR R 2T BT ]
Hh R R 2R 24 AR 2 R, 2011,41(5) - 114-119.
ZHANG Qiyi, DONG Sheng, WANG Qinghua. Study on hor-
izontal ultimate bearing capacity of suction anchor in deep sea
[J]. Periodical of Ocean University of China: Natural Sciences
Edition, 2011,41(5):114-119.

XU i A, AR G B 0% ek B b T R 2 5 e i
ALK FFEL) ] 4 £ 12,2012, (12) :3653-3658.

LIU Jinglei, WANG Jianhua. Experimental study of effect of
cyclic loading frequency on bearing capacity of suction anchor in
soft clay[J]. Rock and Soil Mechanics, 2012,12:3653-3658.
B W B BT BOR B 4 B D] AR, 2009,46(5)
42-45.

MIAO Di. Analysis on pull-out capacity of suction anchor[J].
Port Engineering Technology, 2009,46(5) :42-45.

L ROV 5 4% J) 58 22 % R ) 307 8 e it 5 92k [T ].
o N 1R, 2017,29(5) 1 161-165.

MA Chao. Schematic design and practice of large-size suction
anchor installation by pump-equipped ROV [J]. China Offshore
Oil and Gas, 2017,29(5) :161-165.

WP AR, DM, 55 . BRI IO 40 Hb 1 2 111 e e 2 R = £
PHOCBURRAE [T ). A7 9 27412, 2007(2) : 49-56,61.

[22]

[23]

[24]

[25]

(26]

LIU Baojun, SHEN Jun, PANG Xiong, et al. Characteristics
of continental delta deposits in Zhuhai Formation of Baiyun De-
pression in Pearl River Mouth Basin[J]. Acta Petrolei Sinica,
2007,28(2) :49-56,61.

M R ZE S0, SO S R R R AR UK S AR
R EEPER[T]. M 5T, 2020,47(3) : 557-568.

YE Jianliang, QIN Xuwen, XIE Wenwei, et al. Main progress
of the second gas hydrate trial production in the South China Sea
[J]. Geology in China, 2020,47(3) :557-568.

ARAEZE b W AR A1 3 B LD T BUM « #7 TR 2%, 2008.
DAT Hengjun. Bearing capacity analysis of suction anchor in
soft foundation[ D ]. Hangzhou: Zhejiang University, 2008.
XR T, 2 A U, S B W ) A AR 8 0 T BOIR i S [T
T E KA L 2007(22) : 37-38.

LIU Junbin, LI Yufeng, LIU Jinduo. Present condition and fu-
ture respect for application of suction anchor technology [J].
China Water Resources, 2007,(22):37-38.

DNV-RP-E303, Geotechnical design and installation of suc-
tion anchors in clay[ S].

W AT AR e, SRR, AR RIS W18/ 19 3 i SR AR UK
AW bR AN HE K T BT sk B S0 (7] ¥ v 4 BT A U 4 M
Jit,2017,37(5):151-158.

HU Gaowei, LI Yanlong, WU Nengyou, et al. Undrained
shear strength estimation of the cover layer of hydrate at site
W18/19 of Shenhu Area[J]. Marine Geology &. Quaternary
Geology, 2017,37(5) : 151-158.

(/¥ E L)



