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Advances in technology of deepwater drilling riser and wellhead
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Abstract: Drilling riser and wellhead system is an important and vulnerable component of the whole deepwater drilling sys-
tem. Appropriate design and utilization of drilling riser and wellhead system are important for the success and safety of deep-
water drilling and completion. Therefore, the research on deepwater drilling riser and wellhead system in the South China Sea
was done early. Mechanical analysis model of deepwater drilling riser and wellhead system was built and the riser and well-
head system pre-drilling design and operation technique were developed. The analysis methods for wave induced fatigue, vor-
tex induced fatigue,, wear and riser connector integrity of riser and wellhead system were developed. Furthermore, the integri-
ty management strategy for deepwater drilling riser and wellhead system was improved. The risk assessment frameworks for
key equipments and operations of deepwater drilling riser were developed and the security measures for riser system under ty-
phoon environment were studied. On the basis of these results, deepwater drilling riser operation management software
(DDROM) was developed. The deepwater drilling riser and wellhead system pre-drilling design and operation assessment for
6 wells in the South China Sea were carried out. The research results have been put into application in deepwater drilling op-
eration in the South China Sea and good application result was achieved. The research developments of deepwater drilling ris-
er and wellhead system are reviewed and the future research directions are also recommended.
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Fig.3 Deepwater drilling riser operation

management software

DDROM - 55 1 A 345 B 7K 8 5090 P B e 1)
B BRTTE FARLHORIE L 18 AR S 2 A
5 RAGE P 22 1) 308 5 5 S A A2 3 4 il A 5 BB
BRI 4  S7 M . DDROM 1 44455 e i
I RE AR .

(1) Bk VR B R R 40 3 PR /K4S B AR
ST PR 2 e SR B BR /K A AR 4L
i PEANAL B B K A8 R G052 00 T e e | PR it
SF B S ST I SRR RS A e B
SEHAE,

(2) FaZKAE VAL O AR B, 7 A5 S A
X W BRAKE #7181

(3) BT AL, AT B KA T
T3k FVFA B AR 0/ TSP A AR
=R

(4) VRV A5 A He W RAE R K 1E L S H0F



%3745 %5

HRE B, SRR SRR K E B w B AT R R - 137 -

SR, FEBCH TR HARAIRZS AR AL AR R, 1368
BN SR BOR R AR BRI B0 % i, T
BRI

7 HEHitERE

(1) =1 THKEHRKE S50 R HEAm
BT BOKETT & -FRKE - O HE R
G2 BT 7 1R RN A - B K A8 T R s s BB 7
B ST T HOKEN I RRK S S5 0 R G 12450
BRR RS E AT SR T8 AR S L
il

(2) XGKEIRRKE R G N R T
T RGP ih T — B 5 R R K RS
BB E A O RS RS A
PR RS R K E 5H 0 KRG AT 7

(3) #L T —E KA I FE KGR g8 15
A A FE R T IR A T e/ R 2 H B K
IR (A EEIN Y §= 55 R (B A I S IN Y S = T =
AR B DRI A OB AR B 1

(4) 21 TRRAKE 5 I 0 R G R B 55 iR
O o5 S FITAL 7 1k | LA R B K A 3k 52 3 M
fERE , HE— 58 3% T IRK A PR KE 5 0 52 %
PR,

(5) $H T FKE RS FMEA 4307
Ji R FAHP TR ACES IR K A8 1L XU 23 BT
D5 ST T IRK Bl B K A S B £ 5 1 XU
MR R,

(6) Xt & KIREE T AIFRKAS RG0S 2R R
R AR TIRR , L FE B K A I B 5 B s il A |
B 7K A5 ki 15 TR AR LA B B K A8 Al IS i B B R
XK,

(7) FF & T TRIK B FH: B K 45 V6 b 45 23501
DDROM, A E i 6 H SR AWK E S
HE RGO SR RS TAE, SR
ARG A FH 21 6] g T K B R SE B v, U R
I HRCR |

(8) BTN AT K, IS5 i — L JF
JRE RIS K A S A KBS AR | Bi7 65 KUES B 7K
BHFFE PR SE A ARG &S558 TAE,
SERUIKEIFRRACE 5 I R, i B K AL I
FEMP AR BT 4 T ) F AR S 4%

i ARENFRIEFATREE G B
NGB R IARIEA PR SR TR

JIER ER AR EEA P iEHIEI 5G] 8 S
TANF BB HRTRIFH LR A B FIRFE
HEREFRXERORA LH BTN LA
FTAEFNAESL Y B X R, R R A A S
HNERE EZER ITRE GRA BLE Bk
AR R KRG FRFALE S AR X IRA
LRECI N R A S

SEWK:

(1] WICil. WoKEIERRAKE BT I7 ik R IBEFE [ D).

ARE A EA IR AL TR AR, 2008.
CHANG Yuan-jiang. Design approach and its application
for deepwater drilling risers[ D]. Dongying: College of E-
lectromechanical Engineering in China University of Pe-
troleum, 2008.

(2] REARAE. U A IR i IR 30 TR AR 3l ) o 20 B
[D]. ARE: hEAMK IR THRBE, 2008.
SHENG Lei-xiang. Computational fluid dynamics analysis
on vortex-induced vibrations of offshore tubular structures
[D]. Dongying: College of Electromechanical Engineer-
ing in China University of Petroleum, 2008.

(3] N TRIKEE I B K A8 o8 B PFAR 5 1 B HIAIE 52

[D]. A& hEAHRAIIE TR, 2009.
SUN You-yi. Approach and application of strength assess-
ment for deepwater drilling riser[ D]. Dongying: College
of Electromechanical Engineering in China University of
Petroleum, 2009.

(4] M. BOKBEIRRKE G B BRI D], &K
B E AR TR AR, 2009.

PENG Peng. Life management technique for deepwater
drilling risers[ D]. Dongying: College of Electromechani-
cal Engineering in China University of Petroleum, 2009.

[5] EZRME. TRAKEIERR A A A5 B A BB R 5T
[D]. A& hEAHKR AL T AR, 2011.
WANG Rong-yao. Study on information-oriented opera-
tion management technologies for deepwater drilling risers
[D]. Dongying: College of Electromechanical Engineer-
ing in China University of Petroleum, 2011.

(6] BHR. GOKEHRRKE RIF ORISR L 7 B

TARPFE[D]. H B T EAA AR TR B,
2012.
JU Shao-dong. Research on technology of pre-drilling de-
sign and operation analysis for deepwater drilling riser and
subsea wellhead [ D ]. Qingdao: College of Electrome-
chanical Engineering in China University of Petroleum,
2012.

(7] BREW. BOKE IR K E R Gl AR 42 6 5 0F



- 138 -

¥ E G K FFIR(AAFFR)

2013 £ 10 A

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[D]. #F 8. HEAMAREIE TR, 2012.
CHEN Li-ming. Operation risk control and assessment for
deepwater drilling riser system[ D]. Qingdao: College of
Electromechanical Engineering in China University of Pe-
troleum, 2012.
IRZCR. R R 1 R T B S 0 [ D .
& PELRAPLE TR, 2013.
WEN Ji-hong. Design and analysis of marine drilling riser
connection unit[ D]. Qingdao: College of Electromechan-
ical Engineering in China University of Petroleum, 2013.
WHOCIL, BRIET, $hAC, 45, TROKE T B K A8 i o
FASAREAE M [T ], P EA R R A A AR
B, 2008,32(3) ;114-118.
CHANG Yuan-jiang, CHEN Guo-ming, SUN You-yi, et
al. Quasi-static nonlinear analysis of deepwater drilling
risers[ J]. Journal of China University of Petroleum ( Edi-
tion of Natural Science) , 2008,32(3) :114-118.
CHANG Yuan-jiang, CHEN Guo-ming, SUN You-yi, et
al. Nonlinear dynamic analysis of deepwater drilling ris-
ers subjected to random loads[ J]. China Ocean Engi-
neering, 2008,22(3) :683-691.
CHANG Yuan-jiang, CHEN Guo-ming. Theoretical in-
vestigation and numerical simulation of dynamic analysis
for ultra-deepwater drilling risers [ J . Journal of Me-
chanics, 2010,14(6) :596-605.
VRsEuk, WAoniL, w4, 55 BORKBTRR KSR
RLAE B AS W RLHT EORBETE[T]. o b,
2008,20(2) :115-120.
XU Liang-bin, CHANG Yuan-jiang, JIANG Shi-quan,
et al. Time-domain nonlinear dynamical analysis of
deepwater drilling riser [ J ]. China Offshore Oil and
Gas, 2008,20(2) :115-120.
SUN You-yi, CHEN Guo-ming, JIN Hui, et al. Cou-
pled system analysis for a deepwater drilling riser[ J].
Journal of Ship Mechanics, 2009,13(3) :369-377.
WAICIL, BRIEWL, VFs0nk, . UK B R 5
SR Z )], ARSI &, 2009,
36(4) :523-528.
CHANG Yuan-jiang, CHEN Guo-ming, XU Liang-bin,
et al. Influential factors for the design of ultra-deepwater
drilling risers[ J]. Petroleum Exploration and Develop-
ment, 2009,36(4) :523-528.
INKSC, BREIT, W I0IT, 55, T I e i (Y R 2K
EIF R AT R AL ] AR 4: A
SRRLERR, 2009,33(2) :123-127.
SUN You-yi, CHEN Guo-ming, CHANG Yuan-jiang, et
al. Riser buoyancy distribution optimization based on

vortex-induced vibration suppression [ J ]. Journal of

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

China University of Petroleum ( Edition of Natural Sci-
ence) , 2009,33(2) .123-127.

BOHR, Wonin, BRIEIWT, 5. BETROK B K4S T
SKAHE TR )] e TR, 2011,29 (1) : 100-
104.

JU Shao-dong, CHANG Yuan-jiang, CHEN Guo-ming,
et al. Determination methods for the top tension of ultra-
deepwater drilling risers[ J].
2011,29(1) :100-104.
PRI, BEEEAT, MR, SE. BOKWESTEIE S 17
Srfrig e AR ()], Al R AR AR, 2010, 32
(5) :146-150.

TANG Hai-xiong, SHENG Lei-xiang, CHEN Bin, et al.

The Ocean Engineering,

Mechanical analysis and strength calibration of conductor
for deepwater jetting drilling[ J]. Journal of Oil and Gas
Technology, 2010,32(5) :146-150.

REigME, BRE, HEE, S5 BT BT
FEARRERI I [T]. AW KR TER,
2011,33(3) :147-151.

TANG Hai-xiong, LUO Jun-feng, YE Ji-hua, et al.
Method for design of conductor setting depth for ultra-
deepwater jetting drilling in South China Sea[ J]. Jour-
nal of Oil and Gas Technology, 2011,33(3) .147-151.
MR, oI, BRET, 55, BOKBTRR K & St
wHEE A LT]. Al 2012,33 (1) ¢ 133-
136.

JU Shao-dong, CHANG Yuan-jiang, CHEN Guo-ming,
et al. Determination of the hang-off window for deepwa-
ter drilling riser [ J ]. Acta Petrolei Sinica, 2012, 33
(1):133-136.

BOMR, WoTis, BRI, 55, BOKERRR KOS 4
Pk e Lo [0 ). AR 5T &, 2012,39(1)
105-110.

JU Shao-dong, CHANG Yuan-jiang, CHEN Guo-ming,
et al. Envelopes for connected operation of the deepwa-
ter drilling riser[ J]. Petroleum Exploration and Devel-
opment, 2012,39(1) :105-110.

#HICIL, BREWT, XUHE. SR BT RR KA A O )
WESF[J]. HUBERIE , 2009,31(5) :797-802.

CHANG Yuan-jiang, CHEN LIU Jian.
Long-term wave fatigue analysis of deepwater drilling ris-
er[ J]. Mechanical Strength, 2009,31(5) :797-802.
PNASC, BRI . B K Bl 2 e b K A8 B on o7
BEFELI]. Al 2009,30(3) :460-464.

SUN You-yi, CHEN Guo-ming. Research on wave-load-

Guo-ming,

ing fatigue of drilling riser in ultra-deep water drilling
[J]. Acta Petrolei Sinica, 2009,30(3) :460-464.
X5 4, WREW, #o0TT, 2. BOKEEIHRR AR i



%3745 %5

HRE B, SRR SRR K E B w B AT R R - 139 -

[24]

[25]

[26]

(27]

[28]

BERLIGHIE ST T [T ], AR 4. AR P
2F0R, 2012,36(2) 1 146-151.

LIU Xiu-quan, CHEN Guo-ming, CHANG Yuan-jiang,
et al. Time domain random wave-loading fatigue analysis
on deepwater drilling risers[ J]. Journal of China Uni-
versity of Petroleum ( Edition of Natural Science ),
2012,36(2) :146-151.

XN F4, BREWT, WhoCiL, &5, BTk i K gl
FERAAE BEHOR 55 3 Hr (1], PR3h 5 npdi, 2013,32
(11).7-11.

LIU Xiu-quan, CHEN Guo-ming, CHANG Yuan-jiang,
et al. Wave-loading fatigue analysis for deepwater drill-
ing risers in frequency domain[ J]. Journal of Vibration
and Shock, 2013,32(11) .7-11.

INRSC, BRAHR, b4y, S B TROK B IR RR K E -
H O RGRIR S5 0B [T]. Aiheadl, 2011,
32(6) :1050-1054.

SUN You-yi, JU Shao-dong, JIANG Shi-quan, et al.
Fatigue analysis of the vortex-induced vibration in a
drilling riser-wellhead system in ultra deepwater [ J].
Acta Petrolei Sinica, 2011,32(6) :1050-1054.

I, BRIEET, BoCiL. GOKFREEN 8 e A8 il
PEOF AT REMEVE (D], T EAh R R AR
f, 2009,33(3) :138-142.

PENG Peng, CHEN Guo-ming, CHANG Yuan-jiang.
Vortex-induced fatigue reliability evaluation of deepwater
riser with corrosion defects[ J]. Journal of China Uni-
versity of Petroleum ( Edition of Natural Science ),
2009,33(3) ;138-142.

S, BRIEB. TROK B T B K A S AR AP
HEAPHTLI]. A, 2008,49 (3 2) 1427432
PENG Peng, CHEN Guo-ming. Wear assessment and
protective measure analysis for deepwater drilling risers
[J]. Shipbuilding of China, 2008,49 (sup 2) :427-
432.

WAICIL, B0HR, BRET, 25 BOKBIFRR K AR
SEARZHAE L)), PR R AARF
22, 2012,36(1) :117-121.

CHANG Yuan-jiang, JU Shao-dong, CHEN Guo-ming,

(29]

(30]

[31]

(32]

[33]

et al. Determining methods for basic parameters of deep-
water drilling riser single[ J]. Journal of China Universi-
ty of Petroleum ( Edition of Natural Science), 2012,36
(1):117-121.

XN F4, BRE, SIS, GOKE K AR T
EHIPELT]. ATMETREOR , 2011,39(2) 14044
LIU Xiu-quan, CHEN Guo-ming, PENG Peng, et al.
Deepwater drilling riser joints management[ ] ].
um Drilling Techniques, 2011,39(2) :40-44.
KA, WoTiL, X4, A BOKEIERRKAE 5 Bt
LR SN Y L )R LV I I S R U 7 5. N
2013,41(3) .25-30.

ZHANG Lei, CHANG Yuan-jiang, LIU Xiu-quan, et

al. Recoil analysis for deepwater drilling riser after e-

Petrole-

mergency disconnection with blowout preventer[ J]. Pe-
troleum Drilling Techniques, 2013,41(3) :25-30.
VKL, BRET, W00, 5. B IROK Rk BB
Dot G AR (1], B EE 5, 2009,
24(2) :29-32.
SUN You-yi, CHEN Guo-ming, CHANG Yuan-jiang, et
al. Hang-off dynamic analysis and the discuss of typhoon
avoidance strategy for ultra-deepwater drilling risers[ J].
China Offshore Platform, 2009,24(2) ;29-32.
WREEWT, PRI, VAL, A5, BOKALIERR /KA i
W s K EMRAL[T]. TR, 2012,30(2)
26-31.
CHEN Li-ming, CHEN Guo-ming, SUN You-yi, et al.
Dynamic and length optimization of typhoon-avoidance e-
vacuation for deepwater drilling risers[ J ]. The Ocean
Engineering, 2012,30(2) :26-31.
EORE, BREW, %oCiL, 5. BOKEITFRKE RS
TR SRS R[], P EE Rl
2011,23(6) .423-427.
WANG Rong-yao, CHEN Guo-ming, CHANG Yuan-
jiang, et al. The development of design and analysis
software for deepwater drilling riser system[ J]. China
Offshore Oil and Gas, 2011,23(6) :423427.

(%% hE3k)



