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Offshore drilling fluid circulation technology
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Abstract: The drilling fluid circulation mode has always been concerned in offshore drilling. Under the requirements

of the marine environmental protection law and HSE, the reasonable selection of drilling fluid circulation technology

must be considered by drilling engineers. This paper introduces the development history and present status of

drilling fluid circulation technology in shallow and deep ocean drilling including Oil Casing Circulation, Double

Casing Circulation, Conductor Circulation, Riser Circulation, Riserless Mud Recovery System, ReelWell Drilling

Method, Hydraulic Reverse Circulation and Gas Reverse Circulation technology. Analysis is made of the equipment

structure, construction process and working principle of drilling fluid circulation technology. The market and

technical requirements of coastal engineering, offshore engineering and exploration and development of deep-water

oil, gas and mineral resources on different drilling fluid circulation technologies are put forward with the possibility

of application of such technologies in ocean scientific drilling.
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Fig.] Upgraded drilling vessel and temporary drilling platform
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Fig.2 Drilling fluid circulation on the temporary drilling platform
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Fig.3 Drilling fluid circulation on the upgraded drilling vessel
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Fig.4 Jack-up platform and riser
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Fig.5 Riser system composition
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Fig.6 Cutting Transportation System (CTS)

and Riserless Mud Recovery drilling system (RMR)

H AL B 1 J0 W K4S B T W8 35 3R 8 2 1
TR A . AR [ R BILAS B B
KABAE T SR SCHEGE , IF & TR IS FEAL , B AL T
RMR R G Hia 7R3 . ok T bR K 45 & I W 0G 26
FORTE KR KA B2 P B A sl v D) & 4%
BRI,

[Fi) A5 Ay itk 2R TR Y B0 B O YA B ] AL, OURE i
IS A B0 46l S 5 AR A 7 38 5 A i b 1o 3 AT

2005 4F-,ReelWell A S, 52 905 = R A1 i 2
AR T BE S 0 H 4H 4 ReelWell 52 1E 3 45 4% A

(RDMD Fli% 25 E AT 5T, I 45 Hh 038 AR 76 1 76 46 O
A RTHEIE T B TAEKER B KWKE 5 T
T 2 T R I e 1 A 34 AR AT 647 96 Y B R g
™72 ReelWell 2R 34 3 AR e F 5 AL I
B 5k LAOBURE B AT 06 B 45 i R 40 L 100 9K 5 i
i IR A s o R 0 A S S B VR A URE B
FFRY PRI 25 [0 A FE 05 FF 7 26 09 25 )8 38 4 XRE
BEFE 00 PR FR IR H L 7E S 2 5 B RO AT XA
IR 3 gt 45 o Aol Y% i [l [ B A % S R
T FE T RS B s ol (L D)

THHRIE
[{p83 —

B 7 ReelWell RIEHREEH KR ARRE

Fig.7 Principle of ReelWell reverse circulation drilling technology

2007 4F v [ 5T B o Be B4R SR BT BT 5 T
PNV b 5T R ) A T R AT A A BB CRED A R
TR T T 7K BRSO 5 R (HRO) L £E [
WAMNE T 5 B, Bl R il I K AR S 16 2R A
JoT s 7K S A i 7K 22 XU 38 7K T Sk BURE BT N P R
i 2% B LS L SRS #5717 5 O OFFD B35 B A b A A
PR E . BRI T R4 RN FHROCR L & ALIR
JE RO 43R 8] 1 B iR i ¥ K AR Ry 8 O
VBB A X T 2 AT AT 3 e

W& 7K 3 R A& B0 A o 1 N ) BT B i 7 AR 4
HEZE GBI BRI AR R R . R
TSV Tl 8 AR S o T 4 25 0 OURE Bl A B 25 3% A
—EWRE R A AT NE RS E R
JBE/N T BT SGE H 0 E S AT N A0 77 A T 22 L AR R
TR IR A8 AU IR R Y = AR 5
DU v o B2 1) B3 AT LA T O T
o TERFZ IR PR P, 25 4l 38 R R 2= TR 7 BRI
O T ATCHEAR B O CFF) I, 38 5 28 SO A 0 8
T2 DR A O RO Rk BB I . R



34 B TR CE 8598 TR

2020 4E 7 H

6 A B AR T8 B M B R P 2 — R A T4
I 1]V PR B TP A HE AT R A I B IS A O
I 7

3 &iE
e ] e i Jo M T o R R B 8 L AT DA

JH s LRIt L 150 2B 1) B TR S SO B B RO 2
F= Ml ke A A Sy AT B HL it T T2 2 A B U
T v L LA AR U R XU R R T R 2 AR T R i
J AT BV T L i 2 U T R T B R R RN AR S
B B o XA BRI S TS kR
HE T R Y R, 8 T S R i AR YR T b B AR
PRI,

B TV VE S B R U RS T
JITE R E WA IE 5 4 B0 B 2 R A T itk , IR
NG R T 45 Fh 25 FF 10 8 25 28 0 SE a0 10 B O 42
AR TR AR T R A SRR A B o U
B 5 98 T AT 7 I S W e DA SR B B AN
BB PRI AR JF A 5 BB £ 75 3 T e
RS,

KR FE G AE R M BR B 24 0 52 0 06 22 F B
A AR 22 9 B0RD 1 X AR R AR, TODP X A Mk 7K 3
VLA 04 2 SROMG 23 1B B L 5 20 1) 1 ol B8 58 X 4

2 5 B 1) 5 SR o B R 8 g B R 14 I 3 i
TR i OB B ARG 23 2 7 1 TROK

BRI B R S R S HE

£ 2 3 ik (References) :

(1] EICHE, Wb 8. v i 7K 38 T 7 )
W T R,2003(4) :9—11.
WANG Guanghui, CHEN Bichao. Drilling methods and tech-

nical measures of geo-technical investigation in neritic areal J .

SERR IR Or i AR R L ]

Exploration Engineering, 2003(4):9—11.

[2] R. E. Olson. Axial load capacity of steel pipe in sand[R]. SPE
6419—MS, 1990.

[3] Dennis, Norman D, Olson. Roy E. Axial load capacity of steel
pipe in clay[R]. SPE 3491 —MS, 1990.

(4] WHCZE XA AR 55 0 B I R K T 48 G il R i o e
BRAEALLT T A7 3 Tl B AR W . 2019,35(12) :8— 14,
XIE Renjun, LIU Shujie, TONG Gang, et al. Key Technology
research and standardization of offshore drilling riser[J]. Tech-
nology Supervision in Petroleum Industry, 2019,35(12).:8—
14.

[5] SRk, Z2PR3h A0 0 , 55. ifg 58 ol FH R /K 545 AU R 8 F 5
(. kAR ,2019,26(8) :373—375.

WU Yongchao, LI Zhenkun, FU Hui, et al. Study on the

(6]

(7]

(8]

9]

[10]

[11]

[12]

(13]

[14]

[16]

depth of the riser into the mud in an oilfield of Bohai Sea[]].
Petrochemical Industry Technology, 2019,26(8):373—375.
TOBLAE A N, TR AR K B A i R 8 T BUIR A5 B R 43
BrLID. AL, 2016.,44(7) . 76 —79.
HUANG Yuehua, NAN Shuqi, WANG Yaohua. Application
status of conductor tensioning unit[ J]. China Petroleum Ma-
chinery, 2016,44(7).76—79.
F R BKFE AR KE 2R R 247 IS LD] At
I Al R 2 (L 5D L 201646,
WANG Yanbin. Study on the mechanical behavior of deepwa-
ter conduit and riser during installation[ D]. Beijing: China U-
niversity of Petroleum (Beijing), 2016:6.
FHE A, o W AN R R KA 5 E A T
AL, 2009,37(9) : 147 —150.
WANG Jinquan, WANG Dingya. Suggestions of overseas ma-
rine drilling riser and localization research[ J]. China Petroleum
Machinery, 2009,37(9):147—150.
A T T K AR SRR B R B K A R R AR B A
AT HTLI]. 4% . 2015,38(9) :6—11.
NIU Aijun, BI Zongyue, NIU Hui. Development status of o-
verseas deepwater drilling riser and main pipe performance a-
nalysis[J]. Welded Pipe and Tube, 2015,38(9):6—11.
EREW 2 F R T R OKE ARG B E R ARBTIELT ] Al
W B, 2010,39(7) ;12— 15.
WANG Dingya, LI Aili. Study of marine drilling riser sup-
porting technology[J]. Oil Field Equipment, 2010,39(7):12
—15.
FEL&ABTKREIRAKE RE REBEATIE S kR[]
AL, 2018,46(7) ;39— 44,
WANG Dongshi. Key technology advances and development
suggestion for deepwater drilling riser system[]]. China Pe-
troleum Machinery, 2018,46(7):39—44.
s AE , BY AR B2 R B TR 0 [ B 5 R B () ). LR
FE— B 2R P i T2 ,2016,8(2) :155—161.
TUO Shouting, JIAN Zhimin. Scientific ocean drilling ves-
sels: review and prospect[]]. Journal of Engineering Studies,
2016,8(2):155—161.
TRAEE R E T, R 450 R K B BT B R () ] Bk T
Z,2011,34(1):11—13.
XU Qun, CHEN Guoming, WANG Guodong, et al. Re-
search and application prospect of riserless mud recovery
drilling technique [ J]. Drilling & Production Technology.
2011,34(1):11—13.
AR 4 W T B WY 45 TR K I B K AR T s i
ARLIT A MAER T 2,2009,31(2) :44—47.
GAO Benjin, CHEN Guoming, YIN Zhiming, et al. Deep-
water riserless mud recovery drilling technology[ J]. Oil Drill-
ing & Production Technology, 2009,31(2) :44—47.
e TR T 3 W 7 ok o 58 R K XSUARE B2 Al I AR BT 5
(). A 5 9F % ,2007,34(2) : 246 — 251,
CHEN Guoming, YIN Zhiming, XU Liangbin, et al. Review
of deep water dual gradient drilling technology[]]. Petroleum
Exploration and Development, 2007,34(2) :246—251.
BB W R K ORURE B Al O R e SR L O ik e S [ DL
& P E AR R (BB FR) L 2007,



4T B T

VFAS ISR < 3 P Bl B T TR0 PR R

35

[17]

(18]

[19]

[20]

L21]

YIN Zhiming. New dual-gradient deepwater drilling sys-
principle, method and application[ D]. Qingdao: China
University of Petroleum (East China), 2007.

1o AR g SIS PR AR TR A IR i 3 17 B S MERE BT SE D). 45
o b R (R R 2009,

GAO Benjin. Flowfield simulation and Performance assess-

tems

ment for the subsea mudlift disk pump[ D]. Qingdao: China
University of Petroleum (East China), 2009.

TRRE I YR I 2 T T R W AR SR LA 5 5 R & [D].
T8 P E AR (BB FR) L2011,

XU Qun. Prototype research and development of the subsea
mud suction module[ DJ. Qingdao: China University of Pe-
troleum (East China), 2011.

Jil B R U A T R A R B MR [D]F S E
AR (EFR) L2012,

ZHOU Changjing. Research on vane disc pump for subsea
mud lifting drilling[ D]. Qingdao: China University of Petro-
leum (East China), 2012.

TR IS U8 IR 6 T S AR A 5 R L 2 T R (DL
H &P EA R (R 2012,

YIN Shumeng. Optimization and development of multistage
pump of subsea mud lift disk pump[ D]. Qingdao: China Uni-
versity of Petroleum (East China), 2012.

HHEVRE L PN 7 SOUR SO B Bl T B R R R IR [ . Bl R L
2.,2008.31(5):1—5.

HAN Liexiang, SUN Haifang. Status and development of re-
verse circulation air-drilling technology[J]. Drilling & Pro-
duction Technology, 2008,31(5):1—5.

(E#EF 22 ])

[18]

[19]

[20]

(21]

XN  J7 W6 5%, X0 By o A58 p v8 1 R S 7K IX B 7K T 1t S5
TR A AT R EEAR . 2017,45(1) : 10— 16.

LIU Hexing, FANG Manzong, LIU Zhiqin, et al. Jetting-
based conductor running technology used in ultra-deep water
well of Lingshui block in the Western South China Seal[ ] ].
Petroleum Drilling Techniques, 2017,45(1) :10—16.

PRIEAR B SN TR IS SHEARIMIL A E A R
J§24t: 200052 —65.

CHEN Tinggen, GUAN Zhichuan. Drilling engineering theo-
ry and technology[ M. Dongying: China University of Petro-
leum Press, 2000:52—65.

B R, R I VESC, A w6 - 1 - 1 IR IRK AR RR
(104 AR T.20,2008,30(6) : 25— 28,

HU Hailiang, TANG Haixiong, WANG Shunwen, et al.
Deepwater drilling techniques in Baiyun 6 —1 -1 Well[J]. Oil
Drilling & Production Technology, 2008,30(6) ;25— 28.
VENRSC, At P 1, 45 TROK 32 2 T4 e S Bl R LB 5 [0 0.
A RRS M ,2012,34(8) :157—160,169.

WANG Shunwen, YANG Jin, YAN De, et al. Research of

jetting drilling mechanism of surface conductor in deepwater

[22]

[23]

[24]

[25]

INFEAL, A FK XU 52 L 560U T8 Bl FF 5298 R85 1 75 1 7E R K
B L B AT AT PE RS LD ] b e B3, 2013, 25(1) : 49
—53.

SUN Baojiang, GONG Peibin, LIU Zhen, et al. Feasibility
study of the reverse circulation drilling method with dual con-
centric drill pipe in deep water[J]. China Offshore Oil and
Gas, 2013,25(1):49—53.

PRAAS B K5, WK, % F S ReelWell 5 I 31 8 A K H R
L] A LI 2010,38(8) : 87— 92.

CHEN Yingjie, MA Tianshou, ZENG Xin, et al. New tech-
nology and application of foreign ReelWell drilling[J]. China
Petroleum Machinery, 2010,38(8) :87—92.

XU 229557 . 2 B8 45 ReelWell 853057 8 — —F#i i
AR LA R 120,201, 34(5) 41— 44,

LIU Xiaodong, LI Fangfang, MA Xueqin, et al. ReelWell
drilling method—a new managed pressure drilling technology
[J7. Drilling & Production Technology, 2011,34(5) :41—44.
Sy, PN X 55 38 A K T G IR SEHUG OFF) S R 7E
W A h g B TR0 TR Ci L8698 T8, 2008,
35(6):15—18.

ZHANG Yonggin, SUN Jianhua, LIU Xiumei, et al. Appli-
cation of hydraulic reverse circulation continuous coring
(sampling) drilling in placer mineral prospecting in shallow
sea[ J]. Exploration Engineering (Rock & Soil Drilling and
Tunneling), 2008,35(6):15—18.

(3 T &%)

[22]

(23]

[24]

[25]

[J]. Journal of Oil and Gas Technology, 2012,34(8):157 —
160,169.

L RV B R A AR ROK R B B T S BOR T e 5
AR LI AL, 2013,41(6) :49—53,80.

DONG Guangjian, CHEN Ping, MA Tianshou, et al. Key
technology of deepwater tophole drilling and current situation
of equipment research and application[ J]. China Petroleum
Machinery, 2013,41(6):49—53,80.

Overview of Ocean Drilling Program Engineering Tools and
Hardware[ EB/OL]. http://www — odp. tamu. edu/publica-
tions/tnotes/tn31/mud/mud.htm.

Overview of Ocean Drilling Program Engineering Tools and
Hardware[ EB/OL]. http://www — odp. tamu. edu/publica-
tions/tnotes/tn31/dic/dic. htm.

Sun Z. Stock J, Klaus A, et al. Testing hypotheses for litho-
sphere thinning during continental breakup: drilling at the
South China Sea rifted margin, IODP Expedition 367 Prelimi-
nary Report EB/OL]. Aug. 2018. http://publications.iodp.
org/preliminary_report/367/367PR.PDF.

(%4t $ha )



