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Progress and prospects of horizontal well fracturing technology
for shale oil and gas reservoirs
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Abstract: By systematically summarizing horizontal well fracturing technology abroad for shale oil and gas reservoirs since the "13th
Five-Year Plan", this article elaborates new horizontal well fracturing features in 3D development of stacked shale reservoirs, small well
spacing and dense well pattern, horizontal well re-fracturing, fracturing parameters optimization and cost control. In light of requirements
on horizontal well fracturing technology in China, we have summarized the technological progress in simulation of multi-fracture
propagation, horizontal well frac-design, electric-drive fracturing equipment, soluble tools and low-cost downhole materials and
factory-like operation. On this basis, combined with the demand analysis of horizontal well fracturing technology in the "14th Five-Year
Plan" for unconventional shale oil and gas, we suggest strengthening the research and development in the following 7 aspects: (1)
geology-engineering integration; (2) basic theory and design optimization of fracturing for shale oil and gas reservoirs; (3) development
of high-power electric-drive fracturing equipment; (4) fracturing tool and supporting equipment for long horizontal section; (5) horizontal
well flexible-sidetracking drilling technology for tapping remaining oil; (6) post-frac workover technology for long horizontal well; (7)
intelligent fracturing technology.

Key words: shale oil and gas; horizontal well fracturing; fracturing equipment; fracturing parameter; three-dimensional development;

intelligent fracturing

5lA: s R , - [J1. ,2022,49(1): 166-172, 182.
LEI Qun, XU Yun, CAI Bo, et al. Progress and prospects of horizontal well fracturing technology for shale oil and gas
reservoirs[J]. Petroleum Exploration and Development, 2022, 49(1): 166-172, 182.

(1]

< i 70%
90% 20x10° t 35%10% ¢ 55%



2022 2 167
108 2! Carrizo Niobrara 2 A
B A
180m®> 1135bbl B
168 m* 1057 bbl
[9]
6 1.2 MEFHEFBRARE/NFHEZHMHHEX
6 cc
“ 77 ”? Frac Hits “ ”? Frac Bashing
7 [10]
1
2002
2009
Barnett 13 740 400 m 200 m 76 m!'!
3694 3531 Carrizo 300 m
95% 31 100 m 64%
EIA 2020 5.8 [12]
15.3x10* ™ 1.3 KEHZERERATHEBBEMRIULIEAR
1.1 ZEEETNEMSRKEFILFERTEAR
[13]
Stacked Pay Pad Development  Tank 3 000
Development [5-€]
23 m 6 m 132%
3 m
60% 4
7] 18 m 9m 1 748%
3 ® 214% 9m S5m
1 000~1 600 m/d
5500 m
60%~80% 21%~34%% @
14 KEHHEEMEEEHREAR
®

“ i 2014



168

- Vol. 49 No.1

[15]

11.43~13.97 cm
8.28~10.69 cm

89 MPa 10~2 000 m
1100
1.0~1.5 U
1.5 EBABBKEREDHE
35% U7
(18] 2013
51.8% 2019 95.0% 1
Haynesville
95.0%!"!
100
90 | m ¥R I
80+ | mAEAHEE N
§ 70 b 2P+ 2 Bk 5 H
60t
@ 50}
2 40
§30-
ot
10+
0 [
2013 2014 2015 2016 2017 2018 2019
Ay
Bl tEEHEFERBEREIUHER
DFIT
7”7 Just Good Enough (201
2019 2010 10
8 030x10* t 2

929,121

180 /t 50 /t 2018
22x108
30 (22]

#2000
1000
0

B2 XEERARVAERIHTER
1.6 FAITIREBHLB R A EIT MR A

surface-based,

controlled-source electro-magnetics **!

2.5 km? 51
150~200 m 5888 m
6 m!'? Purple Hayes1H
8244 m 5652 m 124

5 / 23.5 d*

2020 3.94x

10°% t 65.1% 6 320x10° m’
66.0%

[25]

2006



2022 2 169

cc + + + [31]
>3 261 5009 ce

3500 m 774
[27]

2.1 TERSEERSEEMIBILMR

283
1.8~2.6
23 MBAKRNEBIRERFLRE
50%
20% 30%
(32] 5000—7000
7000 5520 kW
6.6 kV 138 MPa
762 mmx762 mmx914 mm 2.03 m®/min 30% 25%
28% 31% 110 dB
90 dB (¥ 3 7
2020
(28] 6 000 5%10*
FrSmart (291 24 KEHZEEHUAKRIIITAE
5000 m
30%
0.7~1.0
(331 10.16~13.97 cm
7~14 d
177 C 70 MPa
80%
CO, < i 2.5 IKEHZEEZRIBRBAARNF MR
10%~30%
78.3%3
2.2 KFEHEREHRMUIZLITFEAR 30% (34]
10 MPa

50%



170 Vol. 49 No.1

(371

58 2~3 5~
<« 12 22~30m 5~12m
»> 50%~60% 90%
0.05%~0.30% T1%~77% 10~12 t/d 18 t/d
95% 40%~45% 35% 50x10% t [38]
90% 3
50~80 /m’l!
3.1 BUMRTIE—FUEEMAR
7
350
4 @®
@
50%~60%
®
@
200x10* t
230~260 /t
20%~30%
2014 47.9% 2020 71.5%"P4
26 KEEHARL WERMER
3.2 FUTUEEERSUEEMIEIE R IRARM R
6 7
H60 3 [39-40]
22 1500 m 300 m
390x10" t 100x10* t
0.93 km® 30%!%°! [41]
131 3~5

2016 550 33 EEAMEBBEHKE

2020 1901 800 m
1 300 m 8 008 m
4 466 m 2~3
6~12 20~30m 10~20m

4 m 20%



2022 2 171
7000
7000
34 PAEAKHEBRKEHERTAREEELERE
4 000 m
3 500 m 150 C 4 ©)
100 MPa
@
10.16~13.97 cm ©)
20 @
8 000 m
70t
30t
3.5 MIBKTH T MR IR AR L 4
ce >3 20%
13.97 cm
11.68 cm 50~80 m
2~4m* 15
2 ¢
3.6 BRKIFBKTHEREEFELER 2X10°
3000x10° m’/a
1 500 m SE
[1] [J1. , 2018, 12:
36-38.
@ LI Yueqing. The dearth of oil resource and the decrease of oil
quality[J]. China Petroleum Enterprise, 2018, 12: 36-38.
[2] .
@ [ , 2020, 41(12): 1445-1464.
JIA Chengzao. Development challenges and future scientific and
[44] @ technological researches in China’s petroleum industry upstream[J].
Acta Petrolei Sinica, 2020, 41(12): 1445-1464.
(31 , , .
[M]. : ,2009.
YAN Cunzhang, LI Luguang, WANG Bingfang, et al. New
developments and exploitations on shale gas in North America
2000 m Area[M]. Beijing: Petroleum Industry Press, 2009.
[4] U. S. Energy Information Administration. Drilling productivity

3.7 BaTfEE B R EREAR

report[EB/OL]. (2021-08-16)[2021-09-10]. https://www.eia.gov/petroleum/
drilling.



172 - Vol. 49 No.1
[5] FARHAN A, RAJ M, ROHANN J, et al. Stacked pay pad Science and Pollution Research, 2020, 27(11): 12001-12016.
development in the Midland Basin[R]. SPE 187496-MS, 2017. [26] s s , .
[6] JILL T, NICK F, MARC S, et al. Tank development in the Midland Basin, [J1. , 2018, 45(5): 874-887.
Texas: A case study of super-charging a reservoir to optimize production XU Yun, LEI Qun, CHEN Ming, et al. Progress and development of
and increase horizontal well densities[R]. URTeC 2902895-MS, 2018. volume stimulation techniques[J]. Petroleum Exploration and
[71 TAHIR S, AL KINDI S, GHORAYEB K, et al. A top - down view of Development, 2018, 45(5): 874-887.
field development plans, integrated reservoir performance and [27] s , ;- “ ?
production sustainability assurance[R]. SPE 197379-MS, 2019. [J]. , 2021, 42(1): 16-27.
[8] DADDIPATI M, KARACAER C, OZGEN C, et al. Overcoming the CAI Xunyu, ZHAO Peirong, GAO Bo, et al. Sinopec’s shale gas
limitations of SRV concept[R]. URTeC 3221-MS, 2020. development achievements during the “Thirteenth Five-Year Plan”
[9]  Carrizo Oil & Gas, Inc. Carrizo Oil & Gas reports initial multiple-bench period and outlook for the future[J]. Oil and Natural Gas Geology,
Niobrara downspacing results and provides Utica update[EB/OL]. (2014- 2021, 42(1): 16-27.
06-18)[2021-09-10]. https://www.globenewswire.com/en/news-release/ [28] %o, ) ;-
2014/06/18/644972/28425/en/Carrizo-0il-Gas-Reports-Initial-Multiple- [J]- , 2021, 48(2): 402-410.
Bench-Niobrara-Downspacing-Results-and-Provides-Utica-Update. html. WANG Yizhao, HOU Bing, WANG Dong, et al. Features of fracture
[10] ISHANK G, CHANDRA R, DEEPAK D, et al. Fracture hits in height propagation in cross-layer fracturing of shale oil reservoirs[J].
unconventional reservoirs: A critical review[R]. SPE 203839-PA, 2021. Petroleum Exploration and Development, 2021, 48(2): 402-410.
[11] ZHU J, FORREST J, XIONG H, et al. Cluster spacing and well [29] > > > .
spacing optimization using multi-well simulation for the lower [J1. , 2020, 47(3): 592-599.
Sprayberry Shale in Midland Basin[R]. SPE 187485-MS, 2017. LEI Qun, WENG Dingwei, GUAN Baoshan, et al. A novel approach
[12] XIONG H, WU W, GAO S. Optimizing well completion design and of tight oil reservoirs stimulation based on fracture controlling
well spacing with integration of advanced multi-stage fracture optimization and design[J]. Petroleum Exploration and Development,
modeling & reservoir simulation: A Permian basin case study[R]. 2020, 47(3): 592-599.
SPE 189855-MS, 2018. [30] > , . - -
[13] SCHOFIELD J, RODRIGUEZ A, GARCIA T X. Optimization of 1. » 2021, 28(1): 63-67.
well pad & completion design for hydraulic fracture stimulation in BAI Xiaohu, QI Yin, HE Shanbin, et al. Integrated re-stimulating
unconventional reservoirs[R]. SPE 174332-MS, 2015. technology of fracturing-replenishment-displacement of horizontal
[14] FENG Q, XU S, XING X, et al. Advances and challenges in shale oil wells in tight reservoirs[J]. Fault-Block Oil and Gas Field, 2021,
development: A critical review[J]. Advances in Geo-Energy Research, 28(1): 63-67.
2020, 4(4): 406-418. (311 ; ; s - ?
[15] GEORGE E, RANDY L. Well integrity for fracturing and 1. » 2018, 45(4): 719-726.
refracturing: What is needed and why?[R]. SPE 179120-MS, 2016. LEI Qun, YANG Lifeng, DUAN Yaoyao, et al. The “fracture-
[16] ZHANG J, WHITE M, MCEWEN, et al. Investigating near-wellbore controlled reserves” based stimulation technology for unconventional
diversion methods for refracturing horizontal wells[R]. SPE oil and gas reservoirs[J]. Petroleum Exploration and Development,
199703-PA, 2020. 2018, 45(4): 719-726.
[17] KILIAN L. The impact of the shale oil revolution on US oil and [32] > > > :
gasoline prices[J]. Review of Environmental Economics and Policy, 1 » 2020, 40(3): 50-57.
2016, 10(2): 185-205. ZHANG Bin, LI Lei, QIU Yongchao, et al. Application of electric
[18] KELVIN A, JOHN Y, DEREK E, et al. Laboratory evaluation of drive fracturing equipment in shale gas reservoir stimulation[J].
multiphase permeability evolution in tight sandstones: Impact of Natural Gas Industry, 2020, 40(5): 50-57.
slickwater and friction reducers[R]. SPE 180250-MS, 2016. [33] > > ’
[19] JACOBS T. Shale sector’s switch to slickwater highlights compatibility U1 - 2019, 42(3): 80-83.
issues with produced water[J]. Journal of Petroleum Technology, ZHU Yujie, LIU Xiaoping, WEI Liao. Research on key technology of
2019, 71(1): 31-32. time-delayed activation of toe sleeve in horizontal well[J]. Drilling &
[20] HOWARD M, MICHAEL M, KARN A. Shale frac designs move to Production Technology, 2019, 42(3): 80-83.
just-good-enough proppant economics[R]. SPE 199751-MS, 2020. [34] ? ’ o
[21] WEIJERS L, WRIGHT C, MAYERHOFER M, et al. Trends in the ) 191 ) » 2021, 26(1): 131-_137'
North American Frac industry: Invention through the Shale ZHENG quua.n’ WANG Xin, YANG Nengyu, et al. DOl’n'CStl'C sand
Revolution[R]. SPE 194345-MS, 2019. Proppant evaluation ‘and research progress of.sand source localization and
[22] OLMEN D, ANSCHUTZ A, BRANNON D, et al. Evolving proppant its prospects[J]. China Petroleum Exploration, 2021, 26(1): 131-137.
S . . [35] , s , .
supply and demand: The implications on the hydraulic fracturing 0 2020, 37(3): 545-551.
industry[R]. SPE 191591-MS, 2018. LIU Qian, GUAN ’Baosh’an LIU Yuting, et al. Progress of
[23] SCHULTZ R, SKOUMAL R, BRUDZINSKI M, et al. Hydraulic ’ o ’ = ;
fracturing induced seismicity[J]. Reviews of Geophysics, 2020, develoPment an-d zlipphcatlor.l of drag reduction agents for slick-water
58(3): 1-43. fracturing[J]. Oilfield Chemistry, 2020, 37(3): 545-551.
[24] , , . [7]. el ’ ’ '
, 2019, 46(3): 168-175. 1l o 2020, 279(6,): 3-16. .
. JIAO Fangzheng, ZOU Caineng, YANG Zhi. Geological theory and
LEI Qun, GUAN Baoshan, CAI Bo, et al. Technological progress and . . .
prospects of reservoir stimulation[J]. Petroleum Exploration and fax;?loratlon A& development Apractlce of hydrocarbon accurTlulatlon
inside continental source kitchens[J]. Petroleum Exploration and
Development, 2019, 46(3): 168-173. _ Development, 2020, 279(6): 5-16.
[25] BILGILI F, KOCAK E, BULUT U. The shale gas production and

economic growth in local economies across the US[J]. Environmental

TEE 1827





