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Wellhead stability in gas hydrate formation during deep-water drilling
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Abstract: During the deep-water drilling, the underwater wellhead weighing hundreds of tons mainly depends on the
surrounding seabed soil to provide the bearing capacity before cementing. If the natural gas hydrate layer is drilled, the stability
and bearing capacity of the formation will decrease significantly with the continuous decomposition of the hydrate, which may
lead to the instability and sinking of the underwater wellhead and surface conduit, resulting in major safety risks such as
borehole scrapping. The influences of drilling hydrate layers with different buried depths and distribution positions on wellhead
stability are analyzed, physical tests are carried out, and the influence laws of different saturations and standing waiting time on
bearing capacity are investigated. The results show that the buried depth of hydrate is shallow. After passing through the
hydrate layer during injection, the bearing capacity of the formation is the lowest, and the risk of underwater wellhead
instability is the highest. After hydrate decomposition, the maximum reduction of the ultimate bearing capacity of the formation
can reach 35%. The standing waiting time after injection has a great impact on the recovery of bearing capacity of the formation
after hydrate decomposition. The bearing capacity of the formation increases obviously in the initial period of 1 ~ 12 h, then
slows down gradually and increases approximately in logarithmic form. A fitting model between the standing waiting time and
the reduction coefficient of bearing capacity is established. Based on the results, for a well in the hydrate formation in the South
China Sea, the design of surface conduit running depth and the optimization of wellhead are performed. During the drilling of
hydrate formation, the mud running depth of surface conduit can be appropriately increased, the standing waiting time can be
increased, and the suction piles can be used to improve the bearing capacity of wellhead and prevent the wellhead from sinking.
This study may provide a theoretical basis for the drilling design and wellhead safety assessment in deep-water hydrate

formation.
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hydrate formations

(D KW, REFENIORFRRE T2
TIREW G HUZE TR AR, FOR/NEE dK
B T R 3R S B ) BEFH D 20 A foo S
PR K PE , fo T K G SR L AKX
IO SR AR RS, W = A RERINE, T
AR K EE A 3N RIRRGE.

(D KEV X HVEHE, EEOFKEMER
JEEERUK &P AR IX AR, KEVIERE S,
RESFENKEYEREMITERR, KEW G
i R 1 BERH N s K S R ) A2 R
HISHRN K E BRI AR R E , K IIHHRIE )
RPN AYIIREE, RESE ALY
TG AR WA IR SR AR R0 AT G i
ToRR AR B ALY TR R, BT ORGSR ER S, 15E]
SRS MR R 3B R IR A DX AR e P R 2005
_(p=p)Z I =1

2/l =1)
(p= PG/ +1)
(2l =1)
L+ )P~ py) A
—56?72?:771}1—2yﬁ~+:T}
qb, r NEREFERBEES AL EERESE DL
FIEEES (mD, K ISHRTE B IR A2 (m), re
NERFELRE (m), rn AEEBIEXER (), r
ARSI X R (m), Po NEHRES (Pa). K&
VIR o3 iAo, MR AR iR RIS, AR EE T [l 4H
W] 45 VR 2 8 g DI T Bl A

(K EWE IR, K-S = B VA e
IKE WISy e BB, DRI ™ A PR L B s g R =
YOO, AR E T I AR A 2R 248 0 1 JEE B
VAL U

(3) IFIAIRRE, HI T 7K & il i 7 A A AL R
T 0 R B DA AR B EERT [ 5 — ANl R, B ]

Gr:_pO

Og=—Dyt

2)

=
p

R KEDZZ 280, HE T80 1R %
%, 10 PR AR o R T Sk DRl A A 5
FOFIR BT K G B e R Ao i, RIS 328 A 14 2
JA B 2R R T IR AR K S A R X,
(IR 7 gt A L 0 (1 T = A D ] 5 %
HZE TR BB KR E S A 5 R T B
THIEBIRMAKEM D RLEEAIR O T Sm), K
A SRR e 45, @it ABAQUS ARt/
BAE R SR IR, RIS/ K & Y2 (50
FERLRK S0 L RE, YR 160 me JEFE 40 m. 1
I 30%MIKEMZE, MKED D EEEAR 5 m
i, FEMEEARER SRS, RRERUEAE
AL 0.15 m, WIRKEFEATICE . Fi 4K EY
HRREEERIN, AR 3 DR RN, R
IKE DN RIBRR S AT R FE R, KA o
AR AR K U] 75 5 R 1 AR A AT b 2 T R PR JRURG:
KFHA

!Q KESHE

4 L1

LT\ KA
KB 5%

E 3 KEMEAERESETATEE
Fig. 3 Surface subsidence caused by hydrate decomposition during

drilling
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Fig. 6 Decrease of ultimate bearing capacity of hydrate formation during drilling
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Fig. 9 Design results of standing up time of surface conductor
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