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Several Key Issues in Deep and Ultra-Deep Oil and Gas Development and

Corresponding New Solutions

LIU Gonghuil’z, ZHA Chunqingl, CHEN Tian’, WANG Wei'
(1. School of Material and Manufacturing, Beijing University of Technology; 2. Petroleum Engineering College, China University of
Petroleum (Beijing))

Abstract: Deep oil and gas resources are important replacement areas and key exploration and development areas
of China's oil and gas resources and have become an important strategic resources to ensure national energy security.
The safe and efficient development of deep and ultra-deep oil and gas is faced with many challenges. The four key
problems are difficult to identify complex downhole conditions, serious casing damage, severe weight-on-bit
congestion in long horizontal sections, and difficulty in controlling well trajectories, which are particularly prominent
and need to be solved urgently. Based on the analysis of the limitations of traditional solutions, this paper proposes new
tools and technologies with significant advantages as new solutions to the key problems faced by deep and ultra-deep
oil and gas development, which provides direction for the development of downhole tools and effective technical
support for the safe and efficient development of deep and ultra-deep oil and gas.

Key words: deep formation; ultra-deep formation; speeding up and efficiency improvement; wellbore trajectory control;
casing damage repair; status recognition
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Fig.1 In-situ real-time intelligent recognition system for
complex underground working conditions
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Fig.2 Wellbore casing repair process in situ
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Fig.3 Mechanical structure of controllable hydraulic oscil-
lator
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Fig.4 Structure of the internal push point-the-bit rotary steering tool

P F A 1) 2 = ) TR Y 5 1] PRF T BT R
RRIE BT Sl R O O B ATLAS 08 I 42 o) ) R A e
16 {57 8% 7T 6 80 8 A AR o T B A 2 s e — S A L, Al
S Sk BT L/ A R G, 1k E IR AR B Sk A
T P 8 o e A R T i 1) 9K B g e A g A )
i 7, 3 G TS A AR ) D 45 AL R BIK ) R
45 ey g BLBK 2%, (R IR A R T BE S A RO R TR i
B e WA MRS oG, DU R 22 0 3
DA, 308 o A ) I £ 128 157 A% 2 B (] s T Sy B Sk
MR WME . S i BT R R TAS
lia) 7 19 J S AR AR 1 &L I 5 B, SF- 2 S 1] g n] ok
48.3 kN,

AR RoTE M AE 6 fras, LURHEALE
B, BEG 7 LB B AIL | A R AR AL L e AE
A 7 A ) A AR 2SO A R R AR R R T
) B AL 2 B T B A T HESH S M A T R
T AR FE A BT BL T, S AT BT 3 AR
AR AR X T T B AN A 120055 A3 2 B Jil 1) £
SIESZIE ) o R B REH ERIC M R LA 235G
BT R A L S 1) T S ) O T Bl ) b AR R R A

PRl hotlE JriERE  RHLIREE

PRl B RN BERIE B

120

100 -

80

60

THSm /KN

40

20

120 180 240 300 360

T HBEHARGLA/C)

0 60

5 RERSIASENDTEURE
Fig.5 Change in the guiding force of the rotating tool

., T i Ay b ) 437 % 3 o 147 5 1A 2% @I bl AT R ORI
AH 2= A il 3l 3 B0, i AR AR 3l ) ool i =
ST B, (A PR R R R 1) IE 5B B .l
Aok 9 e 20 A T A A R AR I S A R Y A
M E1 3 B T R A5 M 25 A 14 A 5 e e i o A
VA i) 7T A 728 3l A A2 e T 9% A3 B MR (L P 72 D7 037, AT
IR B AE TH A A H e AR T —

L WG A
m zan — Mk
8 / ) HH
= S iRn BN 7 N CF S

RHEHLRY

6 MEEHETENTE
Fig.6 Structure of swash plate control unit



6. % B 45

5 H A 2024 4 3 A

RSB Z AN SR A O, S T TR
TET A 02544 25 i 05 1 WO ST A, S T g I A T
Y243 ] A2 3ot RRSL, T AT 2800 TR 50 25 fiv e e
I T A X B A0 AR TR

PSR 1] OB 5 10] AR 48 phy I A A 1) SUE
B 1) TR R ST B E TR G I T W 45 AR e 3t

EUTEAE ARSI

RS

P

1T

[l B, QP 7 fras o A AER ) SO ) TR
1] Sk B 3T 5 IR Sk D B AR RS S A, SO BT
A ARG TN T ) Sk 45 Ts S B HOf 1 R
A B G s B ) RO SR I IR B
B IR PUIE HEAT X L, ZRECT H 5 () R B SR, A
H P 4 B R 1) Sk B 1

7 RHEIREN R FE R G EHR

Fig.7 Composition of the internal push point-the-bit rotary steerable system

5 ZEUNiE

TR JZ M TR T2 i 28 2 i 38O K T e 1 22 PR
= A TOCPUIME , BB I KOKP BT
JFs 7 L RS HR A 3 7 A w25 4 A S B ) I O R
H, AEGERYEAR T S ME LU D o TR 2 M A% G i ke D7
S FERN L, B xRS TR A 0 T S
IR RE U R AT | < A 5 A DU A AR | T
22 UK 4R35 5% A A A 1] UBE % 5 1) R 8, il i
BROE T T Ef oA G RS RO T SR A7 AR
) R, REAS Jhy T2 B R )2 I R 2 4 e ROT R 3
PORSHF, I T T AL RIS

& £ x #t

References

(1] M, 48k, AR, . ERZ SRR 531 594
B (9. ARSI 42, 2013, 40(6): 641-649.
SUN Longde, ZOU Caineng, ZHU Rukai, et al. Formation, distribu-
tion and potential of deep hydrocarbon resources in China[J]. Petro-
leum Exploration and Development, 2013, 40(6): 641-649.

(2] Az, . e JR 2 i RO T BN I H AR BLR 5 % S 2 0.
A EE A, 2022, 50(5): 1-8.
HE Licheng, TANG Bo. The up to date technologies of ultra-deep
well drilling in Junggar Basin and suggestions for further improve-
ments[J]. Petroleum Drilling Techniques, 2022, 50(5): 1-8.

[3]  BORIE, ZR0bk, skak )1, 56 )1 RIAHIER 2 TUE SOKFIRE IR

SEHR 5 9 (1], AMESR 1.2, 2022, 44(2): 145-152.

JIA Lichun, LI Zhilin, ZHANG Jichuan, et al. Key technology and
practice of horizontal drilling for marine deep shale gas in southern
Sichuan Basin[J]. Oil Drilling & Production Technology, 2022,
44(2): 145-152.

[4] DENNEY D. Early symptom detection for downhole conditions:
Principles and results[J]. Journal of Petroleum Technology, 2013,
65(2): 83-89.

[5]  SHk, Bk, SRIRIEL, 4. 2 RSB TT 07 FL G 5 T H: R e i 1o

FHERFSE [J]. AMEREIAR, 2022, 50(6): 7-13.
WU Baizhi, YANG Zhen, GUO Tongzheng, et al. Response charac-
teristics of logging while drilling system with multi-scale azimuthal
electromagnetic waves[J]. Petroleum Drilling Techniques, 2022,
50(6): 7-13.

[6] IRk, FHEi, ZEEE, 5. BRI RS B R I (s
FHERTSE ], ArMESEREIAR, 2022, 50(6): 41-48.

LIU Tianlin, YUE Xizhou, LI Guoyu, et al. Study over the geo-sig-
nal properties of ultra-deep electromagnetic wave logging while
drilling[J]. Petroleum Drilling Techniques, 2022, 50(6): 41-48.

(7] KIEE, =%, 2R LS. w50 R s JE B A h O R e 7
AEUSHEIIRL A [7]. AHEHREOR, 2022, 50(5): 117-124.
ZHANG Zhengyu, YUAN Jun, LI Yangbing. Application of rigid
HTHP pipe-conveyed memory logging system in ultra-deep
wells[J]. Petroleum Drilling Techniques, 2022, 50(5): 117-124.

[8] ik, WioTEE, 2%, &5 BEAEIE J il RAE W BHE 5 B35

1. AR T2, 2012, 34(2): 20-22.
ZHANG Tao, LIU Gonghui, LI Jun, et al. Pressure while drilling
system development and field test[J]. Oil Drilling & Production
Technology, 2012, 34(2): 20-22.

[9] WANG Chao, LIU Gonghui, LI Jun, et al. New methods of elimin-

ating downhole WOB measurement error owing to temperature vari-


https://doi.org/10.2118/0213-0083-JPT
https://doi.org/10.3969/j.issn.1000-7393.2012.02.006
https://doi.org/10.3969/j.issn.1000-7393.2012.02.006
https://doi.org/10.3969/j.issn.1000-7393.2012.02.006

F 525 %24 Mo

CREAR B A%

ST EEEY L

5 B gk T o7

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

ation and well pressure differential[J]. Journal of Petroleum Science
and Engineering, 2018, 171: 1420-1432.

BT, K, MITTER, S 5L TR SRS S g B A
I8 [7]. #R 1.2, 2019, 42(6): 1-4.

HUANG Sheng, ZHANG Tao, LIU Gonghui, et al. Research on
analysis method and application of near-bit vibration data[J].
Drilling & Production Technology, 2019, 42(6): 1-4.

TR, MIDTE, 224, 45 R T RS EON & R GRS R

[0]. &R 2, 2020, 43(1): 5-8.

JIANG Hailong, LIU Gonghui, LI Jun, et al. Development and ap-
plication of downhole engineering data measurement system[J].
Drilling & Production Technology, 2020, 43(1): 5-8.

WANG Chao, LIU Gonghui, LI Jun, et al. Non-uniform temperat-
ure distribution’s impact on downhole weight on bit (DWOB) meas-
urement and the novel compensatory method[J]. Journal of Petro-
leum Science and Engineering, 2020, 184: 106528.

Fol. TR Sk TR S HON & (1 TR R 5T [D].
dest: spEAR: (dEat), 2021.

WANG Chao. Study on the interpretation methods of downhole
working conditions based on the near-bit measurement[D]. Beijing:
China University of Petroleum(Beijing), 2021.

JIANG Hailong, LIU Gonghui, LI Jun, et al. Model based fault dia-
gnosis for drillstring washout using iterated unscented Kalman fil-
ter[J]. Journal of Petroleum Science and Engineering, 2019, 180:
246-256.

JIANG Hailong, LIU Gonghui, LI Jun, et al. Numerical simulation
of a new early gas kick detection method using UKF estimation and
GLRT([J]. Journal of Petroleum Science and Engineering, 2019, 173:
415-425.

JIANG Hailong, LIU Gonghui, LI Jun, et al. An innovative diagnos-
is method for lost circulation with unscented Kalman filter[J]. Journ-
al of Petroleum Science and Engineering, 2018, 166: 731-738.

oV, IVHE, SMREE. MK IR K BRACAL SR 347 (7).
o L AL T ARES ST iL, 2023, 43(16): 34-36.

JIANG Tao, WU Lingyan, WU Huaifeng. Analysis of casing dam-
age causes and treatment optimization strategies of oil and water
Wells[J]. China Petroleum and Chemical Standard and Quality,
2023, 43(16): 34-36.

R JE . B SIHR BB E TAEI 25T (D). A PUrs A
k2, 2018.

DENG Kuanhai. Theoretical and experimental study on the casing
collapse under non-uniform load and working mechanics of casing
repair[D]. Chengdu: Southwest Petroleum University, 2018.

R, 22264k, FRAE, 45 KPR E S ML R 1B 2
[0]. AilER T2, 2001, 23(4): 68-71.

YANG Zhenjie, LI Meige, GUO lJianhua, et al. Recondition injury
casing with plugging agent in oil and water injection wells[J]. Oil
Drilling & Production Technology, 2001, 23(4): 68-71.

Bioisk, &R, 24, & I T EESBIRABE k.
CN202310479073.2[P]. 2023-07-18.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

LIU Gonghui, ZHA Chunging, LI Jun, et al. A method for in-situ
metal repair of downhole casing: CN202310479073.2[P]. 2023-07-18.
BT, MIDUE, A, 5. — R T B 08 S 50 8w B 5 vk
CN202310479068.1[P]. 2023-07-14.
ZHA Chunging, LIU Gonghui, WANG Wei, et al. A method for in-
situ metal sealing of downhole packers: CN202310479068.1[P].
2023-07-14.
RN, MU, T4, & —FIF T REH & m B E k.
CN202310620084.8[P]. 2023-08-01.
ZHA Chunqing, LIU Gonghui, WANG Wei, et al. A metal repair
method for underground cement sheath: CN202310620084.8[P].
2023-08-01.

A KTV IAT R GRS A7 B i e i (7], P4 FRR e T
%z, 2021, 33(9): 32-34.
LI Wenzhi. Cause analysis and solution of horizontal well pressure
holding phenomenon[J].
2021, 33(9)' 32-34.

e, BRI, SRS, 45 R 1R G e UL A et B F S Bk
[J] TH:I 2022, 51(7): 943-946.
MENG Fanhua, CHEN Ligiang, ZHANG Qilong, et al. Optimiza-

West-China Exploration Engineering,

tion design and application practice of hydraulic oscillator[J]. Liaon-
ing Chemical Industry, 2022, 51(7): 943-946.

HIER I, SR eh, M, 2. R INSMK IR 4 RO DT T DR K R
7). AIEERE R, 2015, 43(5): 116-122.

MING Ruiqing, ZHANG Shizhong, WANG Haitao, et al. Research
status and prospect of hydraulic oscillator worldwide[J]. Petroleum
Drilling Techniques, 2015, 43(5): 116-122.

TR, LA 100 Bl TR 1 kS K R R T 18] [J). A7 il 24,
2003, 24(3): 82-85.

ZHANG Shaohuai. New progress and development direction of

modern steering drilling techniques[J]. Acta Petrolei Sinica, 2003,

24(3): 82-85.
Mot &, AR, 2R, S LS m R R S m B TR

CN202110349477.0[P]. 2021-07-06.

LIU Gonghui, WANG Wei, LI Jun, et al. Internal push directional
rotary directional drilling tool: CN202110349477.0[P]. 2021-07-06.
BITTER, MR, 22745, S5 5 0] 4 26 e R e e e 16 Bl O TR
CN20211 103349345[P]. 2021-11-02.

LIU Gonghui, CHEN Tian, LI Jun, et al. Steering control device and
rotary steering drilling tool: CN202111033493.5[P]. 2021-11-02.
RIS, MIDUEE, 287, A5 AR ) 2UbEAS S 1) TR RO ) g 43
B [0]. B T2, 2022, 45(2): 15-20.

CHEN Tian, LIU Gonghui, LI Jun, et al. Internal push point-the-bit
rotary steering tool and its steering force analysis[J]. Drilling & Pro-
duction Technology, 2022, 45(2): 15-20.

CHEN Tian, LIU Gonghui, HE Xin, et al. Calculation method of the
build-up rate of the internal push point-the-bit rotary steering tool[J].
Geoenergy Science and Engineering, 2023, 230: 212177.

[ %4 &t ]


https://doi.org/10.1016/j.petrol.2018.08.073
https://doi.org/10.1016/j.petrol.2018.08.073
https://doi.org/10.1016/j.petrol.2019.106528
https://doi.org/10.1016/j.petrol.2019.106528
https://doi.org/10.1016/j.petrol.2019.106528
https://doi.org/10.1016/j.petrol.2019.05.043
https://doi.org/10.1016/j.petrol.2018.09.065
https://doi.org/10.1016/j.petrol.2018.03.063
https://doi.org/10.1016/j.petrol.2018.03.063
https://doi.org/10.7623/syxb200303018
https://doi.org/10.7623/syxb200303018
https://doi.org/10.1016/j.geoen.2023.212177

	1 井下复杂工况识别难
	1.1 井下复杂工况
	1.2 常规技术方案
	1.3 新型解决方案

	2 套管破损严重
	2.1 常规套损修复工艺
	2.2 金属燃熔套管原位生成技术

	3 长水平段托压
	3.1 托压现象的危害
	3.2 常规降摩减阻技术
	3.3 可控式水力振荡器

	4 井眼轨迹控制难
	4.1 导向钻井技术发展现状
	4.2 新型动态偏置指向式旋转导向系统

	5 结束语
	参考文献

