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Abstract: Deep and ultra-deep oil and gas are important replacement resources for increasing reserve and production in China. There-
fore, to achieve safe and fast drilling and completion of deep and ultra-deep wells is of great significance for the efficient development
of deep and ultra-deep oil and gas resources. By reviewing the development history of deep and ultra-deep wells in China, the paper
summarizes and compares the current development status, advance and application of key technologies for deep and ultra-deep well
drilling and completion, and further points out the development direction based on the current main problems. Moreover, a compari-
son has been made on key drilling equipment for well drilling and completion in deep and ultra-deep wells, wellbore structure optimi-
zation and expansion, drilling speeding-up, drilling fluid, cementing, downhole measurement and control technology, and key tech-
nical performance indicators of oil testing and completion technology and its application status in China and other countries. Then it
is pointed out that technical gaps mainly occur as the result of resistance to high temperature and pressure, as well as high stability.
Further, an analysis is performed on the latest progress and application of high-end equipment, cutting-edge tools and core additives,
including the automatic drilling rigs for deep drilling that can support China to achieve the normalization of 8 000-meter ultra-deep
drilling on land, with the drilling capacity of 9000 meters and drilling depth range extending towards 10 000 meters, wellbore struc-
ture optimization, controlled pressure drilling (MPD), efficient PDC bits, high-temperature resistant and ultra-high density oil-based
drilling fluids, efficient plugging, high strength and toughness cement slurry, automatic cementing, high temperature resistant acid
fracturing, coiled tubing equipment for deep and ultra-deep operation. In view of ultra-high temperature. ultra-high pressure, com-
plex geo-stress and multi pressure systems in ultra-deep layer which pose a great challenge to safe and efficient drilling and comple-
tion, the paper proposes that the further research should focus on optimization and expansion of wellbore structure, high temperature
and high pressure resistant downhole tools and instruments, ultra-high temperature resistant downhole fluids, efficient rock-breaking

and speed-up tools for ultra-deep drilling, ultra-high temperature and pressure resistant testing and completion tools, ultra-high tem-
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perature resistant and low damage acid fracturing fluid, digital intelligent drilling and completion equipment and technology, so as to

accelerate the breakthrough and iterative upgrade in key technologies and equipment, support and safeguard the efficient exploration

and development of deep and ultra deep oil and gas resources.
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SR XA A iR EAS Bk E. P ENRE— B IR 28 58 G AR B R SR T L], il 24, 2024, 45(1) :312-324,
Cite : LIU Yansheng,ZHANG Jiawei, HUANG Hongchun. Key technologies and development direction for deep and ultra-deep drill-
ing and completion in China[ J]. Acta Petrolei Sinica,2024,45(1) ;312-324.

P10 AR 2 BH R B A6 2 bR 2
R = Ey RPN ot s ARy = e R K B W W NS
SBRE T AE B E R R R R R
BOEER, HEE, T E R RIR AR IR
K 671X 10° Il 2 o, 5 i E AR IR R 34 %
H L 39 % Y ) 4 A0 T 57 Y% Y F8) 4% R SR S8 IR 0 A AE
T2 R AR [ A b i R R U
PR 2 — B TR 2 T S AR T & o v 9 R
KR

] R 2 R T A R A A A LR
D11 i DX LT 5 T 2 L P I0 ZE b R )2 L I TS A IR )2
5 M DX, A 2 TR AR T PR B K RO e i £
MERT B A P By KB — . JE Y 7 (20212025
A RFEEIOC LT R0 T 7000 m I A S LA HL .8
2 B 25K RS AN A I L= sk PDC 4k (Bt 240 C
o TR R R VR R RO T R K A R R
5 L SR EE IR K R K B B Ak T Bt 230 C iR
JE .8 000 m ¥R JZ 3% 245 1F Ml L AE — HHt 5 0 255 5 O iy
TH O BIF 2 7000 m 45 4 AR BB I
1A H 4, 8 000 m 9% R I8 5 R 1R R ILATE
B B RAE S E 9000m BB BET 2 1T REH:
Bl PR TEAE S o AR g b ST B LR i 2 R LR
O 1| 735 4t T R T2 56 S o i v B K 4 b v 2% 7 T S
TR b S R XK 2 R R R TT & .

Wit 5 0 R ) R SR TR N L TR I 88 T IR A RUR
EiZ 2R ARG RN E 0% mEEE B ERA
2B AR )E 5 A T S R R R R e R
JOE T 5 R ol O A B 45 TR LB TR I B e
K — FR AN T e L, 22 4 AR I e 0 56 AT T Il
R P o T HE— 25 T JR OGS A% O B R 1 B R ik
TG $2 T TREELAR S DI BR 2 — 8 2 TR
BPRIT K e SRR A

1 G GBI SR A IR

SRR E MBS HRI E R IRE I E R 2
B 30 24>, IRHK 36 [ R [E AR [ A e e B T T RS
PR IR AR AE 1. 1960—1962 4, JR I il 2 I 52 T

IR — A R G R AR . 1970 48,
FHAL SG-3 8 T I 1 FE /K 2 7 5 b X b &8 I 45 O T
1994 4E 58l TR BE i 15000 m, B 2 58 B IR
N 12263 m, 1973—1974 &, L E 85 RN 9583 m
A8 AR T B 4R H: Berta Rogers 3, 1990—1994 4,
T8 A AR R N 182 4 B KTB-Oberpfalz # K £}
BWH ZHHE N 9101 m, HAT. B AN %
I = B v AE 56 [ 7 SO RN R BTN L in A A e T
I TE ) 3B M 45 4 [X, 2010—2014 4E, 52 i1 S M 4%
bk py s, 5% O RO B R i, P AR
R BGE T O H 2015 48 J5 Z AR 2 L 8
R I I B s

[ R R R ER G T 20 H4E 60— 70 AR
1966 4, K P Ih H S B b B 5 — 1R I /NE- ¢
FHHTEN 4719 m B H I 1171d, 1976 4, P55
WA B E S — BRI — I RN
6011 m. B H JH 1 R 1662d, 1978 4. P4 5 il < W 7E
JUPG L b 30UAR 325 5 2R 1 B R 7 000 m Y 4 I
I R R 7175 mL & SR R 1093 d,
“F = F7Q2016—2020 4E) LISK KK — & 5 B O
Bl e A HOR S B X oe L g a5 N b E R
H BT EOR TR Yy e B s Xk e . v [
RIS 6000m DL E R IR E) 280 & H (& 1),
i 8 R Al B e OB 6 Y . 2006 AR 3]
T AL BT I IR 8408 m, B ISR BTy 462d.
2019 4%, 55 R RS RS HR 1 I IR 8882 m,
FERIA A 360 d. 2022 4F, PG A6 B 5 8 U 5 01 JF
WA 9017 m, 2023 4, P4 R A< B B0 9 5 I8 B
H—FW 6 I N 9026 m, HIR K 9022 m, [F]
AR B BRI B RO 9 e TR KT —— 8 3C It
HH K 9396 m, FF K 8057m,  H i E G F 525
3w 8000m MR A 120 K0, Hd s O EE
i 9000m,

SRR TR VR R S A R 3 [ AR VY AR L K
MEEVE RV Lower Tertiary 45 8 IR — 4 TR I < 3L
25 TF % ,2000—2010 4, 25 H AR E 12 000 m %45
S U E S 3 NI Ave . (13 | N AN




314 H H 2 Eild 2024 4E M 45 %
H IR H B E AR K. 2000 FEEA, 5T M LE B &, O E R 12. 5 MPa AN £0. 25 MPa, &
T ViR R (BP 3% v £k 56 T SN F TR B VY RV SR AN R e R S FE W 5 B R BE T
B CEKE) T 10000 m B H 235 60 £ 0, 1.1.2 +EBERL

A SE I T O I R R R R AR L
2 W A 3 1 ) 4 M R B8 P R T K Ry
TEIATHRE S HL 90 ~ 260 d P4 58 4l o it 78 J7 K 5 VR O
FRAAE 120~160d"" . hy 1 Xof 18 PR K Bl HE  K » Hi
+ TransOcean A w1 BF & (1) 48 B K ¥ b 41 F 6 B &
ML 25 HA5 15000 m B AE S A B S5 H R IE
ek . B Sk T I R R

400

300 +
5
il 200
&
100 |
0 W T O S N
//{9, KN ,»Q\ q,Q\ (\9\ (\9‘\, ’19\ ’\/6\ (19\ Q,Q\ '\/Qq) @/{Q
/gg& L~)( é(’&

£

1 FPELGEEFRE EHRED 6000m WERHFAHALNE
Fig.1 Number of ultra-deep wells with depth exceeding 6 000 m

drilled on land in China in recent years
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Table 1 Comparison of key technologies for wellbore structure expansion at domestic and aboard
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Table 2 Comparison of key technologies for speeding up drilling at home and aboard
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Table 3 Comparison of key technical performance indicators of drilling fluid at home and abroad
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Table 5 Comparison of key technologies for well testing and completion at home and abroad
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Table 6 Types and effects of drilling fluids used in typical ultra-deep wells on land in China
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Table 7 Problem of “deep buried depth,high temperature,high pressure,high geo-stress and high steep structure,and small

borehole size” faced in oil test of ultra-deep hydrocarbon wells in China
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