%j}.\'ﬂ%“,‘g ,S gﬂ i‘i @ @ .- x

w2 (ORISR (Scopus) SR
COAL GEOLOGY & EXPLORATION

KT - BEXREHEE SRR ERBAR KN
fedetl  EUMOE RO R4 sKE R Ml MR FEW OKRTT ERIE BEA

FIHASLC:

AR, EUMAE, RO, SE. KT B IXHRIRTME R S R UL 1) R REEOR KOS M T 3 5 AR, 2024, 52(2):
147-160.

XIONG Xianyue, ZHEN Huaibin, LI Shuguang, et al. Multi—round diverting fracturing technology and its application in deep coalbed
methane in the Daning—Jixian block[J]. Coal Geology & Exploration, 2024, 52(2): 147-160.

TEZR L View online: https://dx.doi.org/10.12363/issn.1001-1986.23.10.0683

LR ARG HoAh S

Articles you may be interested in

I ) 1 DX RGBT B ZOK P T MRS
Geological adaptability of deep CBM U-shaped staged fracturing horizontal well in the south block of Yanchuan

T Hb T S04, 2018, 46(5): 146-152  hitps://doi.org/10.3969/j.issn.1001-1986.2018.05.023
FRIRZ A AT R 2 S R T2 S

Technology and practice for deep CBM fracturing in eastern Ordos basin

ST 5 S5 R, 2019, 47(1): 92-95  https:/doi.org/10.3969/1.issn.1001-1986.2019.01.013
IE ) 1| e PRSI 2 0 T b S5 BT 40 43 ST e %o o

Geological unit division and development countermeasures of deep coalbed methane in Southern Yanchuan Block

4L TH i 575 395 2021, 49(2): 13-20  hittps://doi.org/10.3969/j.issn.1001-1986.2021.02.002
WS E N 1) e 2 AR 58 5 0

Research and application of deflection fracturing technology in coalbed methane well

T S %, 2018, 46(2): 8-14  hitps://doi.org/10.3969/j.issn.1001-1986.2018.02.002
FRIRZ WA ARG Z I S 5 AR

Practice and understanding of coalbed methane drilling in the east edge of Ordos basin

L 3 SR, 2017, 45(2): 157-162,168  https:/doi.org/10.3969/j.issn.1001-1986.2017.02.028

TPIR 223 F ML I X B = OB Z IR S ]
Potential-tapping technology and its application in old CBM wells in Hancheng block of Ordos basin

4L FH i 55 B9, 2018, 46(5): 212218 hitps://doi.org/10.3969/j.issn.1001-1986.2018.05.033


www.mtdzykt.com
www.mtdzykt.com
https://dx.doi.org/10.12363/issn.1001-1986.23.10.0683
https://dx.doi.org/10.3969/j.issn.1001-1986.2018.05.023
https://doi.org/10.3969/j.issn.1001-1986.2018.05.023
https://dx.doi.org/10.3969/j.issn.1001-1986.2019.01.013
https://doi.org/10.3969/j.issn.1001-1986.2019.01.013
https://dx.doi.org/10.3969/j.issn.1001-1986.2021.02.002
https://doi.org/10.3969/j.issn.1001-1986.2021.02.002
https://dx.doi.org/10.3969/j.issn.1001-1986.2018.02.002
https://doi.org/10.3969/j.issn.1001-1986.2018.02.002
https://dx.doi.org/10.3969/j.issn.1001-1986.2017.02.028
https://doi.org/10.3969/j.issn.1001-1986.2017.02.028
https://dx.doi.org/10.3969/j.issn.1001-1986.2018.05.033
https://doi.org/10.3969/j.issn.1001-1986.2018.05.033

®50k %2 BHE MRS #E Vol. 52 No.2
2024 422 f COAL GEOLOGY & EXPLORATION Feb. 2024

RRICHN, BMR TR, ZRBEOL, A5, RT3 B X HRIEMRIGEZ 2 S UK 1) R S T[], 4 5 5 R, 2024, 52(2):
147-160. doi: 10.12363/issn.1001-1986.23.10.0683

XIONG Xianyue, ZHEN Huaibin, LI Shuguang, et al. Multi-round diverting fracturing technology and its application in deep
coalbed methane in the Daning-Jixian block[J]. Coal Geology & Exploration, 2024, 52(2): 147-160. doi: 10.12363/issn.1001-
1986.23.10.0683

AT-GERRREBEES SRR EERZARKLNH

gk, miRE, FERY, Tawd, Kk FY R AL KR
HRARS, BREY, ALE, ZREY, KaHAY
(1. PEEEAEZR IR R OARFTALET, LA 100095; 2. F Ak EAHRFTELH,
4L 100028; 3. i AMEANEE X TRA R FOARAE, LI 100080; 4. # E A
RARE S A RN E F o A E, HF 08 736202; 5. FEAmF 4, ALK 100724)
HE: SRR EMARAGRT-FTER R EATRFES, MHAERAALE A F3 AR
KH . BREMT . WHIRES . TURRI AN 5R, A RIBERREL LM T RS T AA L
B, BRXABELBE T LRRIFMELLEF T ERBERTR, LFEANLENLEREFR, KFH
BEAEFAMRTRRY—, TRABAEFTRE., BB RETAL, 35 HIRIRNEAE BT RA X
PR R @ ls 7 % 2 2Pk . (1) IR ER LY BRAENARE; Q WA ELABARAEELE
R HERAS) KR, A THFA, R BESRIRE RN SR REGEM RS ELER,
B, MR EAR RMABELE MY R0 TAT I, RRE SN EREKES M EREMER, 547
WEWE MRS ERR Y R0 REEIE AT E Tk, ASAIRYE, #4T SR
B LERAEIG R, ERT-5ERRAGHHATRIERIE, AL A REAK L ukE
MTRAYGHT R, ¥R T HEEKRBERR, LHTAXRRALFAA LRI, L+ DISS
FSEHREG, 4 EBGERARIAF] 243.6x10° m°, & 340d R FAF 970.5¢<10° m’, FH A FAE
2.85x10°m’, B *3fo R 3 RBRE, BOERCRESF, T2 (EUR) KT 3 000x10° m’, /=
ABAEK; IS8-6P05 5 1—T BHAA2~3 R AER, EBH FAF859x10"m’, MILEER
JA 346K JEFL 0 JS8-6P04 - m BV ALK 41.9% . EELAE A AR 21%, 122 2 RFET KB =4
AL, RBARAN, SHRELTLAE—FRE LA T KT HEMNEH £ Fm P 5 up
My A, R A ER LGS TH Y, BRRAEE LRE TR, E TR A2 LS
G FE, ARFEEAER T ARG T 2B Rikz,
X B W FRREMAWAL RKIABLEAR, BRIBEEL;, WMEAY; FHK
FESZES: TE349  XEFRES: A XEHS: 1001-1986(2024)02-0147-14

Multi-round diverting fracturing technology and its application in deep coalbed
methane in the Daning-Jixian block

XIONG Xianyue'?, ZHEN Huaibin'?, LI Shuguang'?, WANG Hongna’, ZHANG Lei'?, SONG Wei*, LIN Hai*,
XU Fengyin'™>", LI Zhongbai'?, ZHU Weiping', WANG Chengwang'*, CHEN Gaojie'
(1. National Engineering Research Center of China United Coalbed Methane Corp., Ltd., Beijing 100095, China; 2. PetroChina

s B #A: 2023-10-26; #EUCHHA: 2024-01-18

BEEWA: FFRHEEKLIINH20162X05042); 1 E A KRBl A PR R HOCH R B AR BT H (20232218); - 1 Al R AR SR
A PR RIS TI0 AR5 MUK 2 Bl S AR 9T 100 H

E—1EH: BESERL, 1984 4F4E, BB, WIWIMNIN, 4, BTN, RSER ST TR TAE.

E-mail: xiongxianyue2009@petrochina.com.cn

EEEE: RRUR, 1964 4£4E, 55, PRPGER A, W4, #aR, WEASm, WEhR. SRR Al KRB 58 8 TE.

E-mail: xufy518@sina.com.cn


mailto:xiongxianyue2009@petrochina.com.cn
mailto:xufy518@sina.com.cn
https://doi.org/10.12363/issn.1001-1986.23.10.0683
https://doi.org/10.12363/issn.1001-1986.23.10.0683
https://doi.org/10.12363/issn.1001-1986.23.10.0683
https://doi.org/10.12363/issn.1001-1986.23.10.0683
https://doi.org/10.12363/issn.1001-1986.23.10.0683
https://doi.org/10.12363/issn.1001-1986.23.10.0683

- 148 -

iR R

%50 %

Coalbed Methane Company Limited, Beijing 100028, China; 3. CNPC Exploration Software Co., Ltd., Beijing 100080, China,
4. PetroChina Qinghai Oilfield Company, Dunhuang 736202, China; 5. Chinese Petroleum Society, Beijing 100724, China)

Abstract: The Daning-Jixian block on the eastern margin of the Ordos Basin exhibits high-abundance deep coalbed
methane (CBM) resources, well-developed natural fractures of coal reservoirs, well-developed cleats and fractures in
coals themselves, coals with excellent structures and high mechanical strength, and strong sealing ability of coal roofs
and floors. All these create favorable conditions for the formation of a large-scale fracture network through volume frac-
turing. The ultra-large-scale fracturing process has contributed to a major breakthrough in the single-well output of deep
CBM. However, the tracer monitoring results show that various fracturing stages of horizontal wells exhibited different
contribution rates to gas production, there exhibited blind zones of resource production, and expected comprehensive be-
nefits were not achieved. This study proposed two major challenges posed to the formation of ultra-large-scale effective
fracture networks in deep coal reservoirs: (1) unclear understanding of fracture propagation patterns in deep coal seams
and (2) the presence of areas subjected to over and insufficient stimulation using current fracturing technologies. Given
these challenges, this study developed a multi-round diverting fracturing technology to form a merged fracture network
for the stimulation of deep coal reservoirs. This technology involved: (1) analyzing the feasibility of the formation of a
super-large fracture network of deep coal seams. (2) determining the effects of microstructures, such as the curvatures
and dip angles of strata, on fracture propagation based on the field fracturing data and microseismic monitoring results.
(3) Establishing a stress field calculation method, which laid the foundation for the process optimization and field experi-
ments of multi-round fracturing diverting. This technology was verified through field experiments in the Daning-Jixian
block. The results revealed the uniform propagation of hydraulic fractures in areas with nonuniform micro-stress fields
around wells. This uniform propagation increased the overall fractured volume, with single-well gas production in the
experiment area significantly improving compared to surrounding wells. Well DJ55, experiencing five rounds of fractur-
ing, exhibited a stimulated reservoir volume of up to 243.6x 10* m’, 340-day cumulative gas production of 970.5% 10 m’,
and an average daily gas production of 2.85x 10* m®, with daily gas production and pressure remaining stable. These res-
ults indicate excellent stimulation results. With an estimated ultimate recovery greater than 3 000x 10° m’,
this well had great potential for gas production. Well JS8-6P05 in the block yielded a daily gas production of 8.59x
10" m® after 2-3 rounds of fracturing at fracturing stages 1-7. Compared to well JS8-6P04, which employed single-round
fracturing at each fracturing stage, well JS8-6P05 witnessed reductions in the proppant volume and fracturing cost by
21% and 41.9%, respectively. However, the horizontal sections of both wells produced comparable daily gas production.
The experimental results indicate that the multi-round diverting fracturing technology, partially solving the problem that
fractures propagate on one side of a horizontal well due to the stress differences on both sides, promotes the uniform
propagation of induced fractures on both sides of a wellbore and thus ensures a high production degree and post-fractur-
ing production of deep coal reservoirs. This technology serves as a main technical method for reducing the costs and in-
creasing the efficiency of fracturing technology for deep CBM.

Keywords: eastern margin of the Ordos Basin; deep coalbed methane; ultra-large-scale fracturing; microstress field;
multiple round
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Fig.1 Relationships between the pumping parameters and production of vertical cluster wells
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Fig.2 Schematic diagrams showing understimulated and ideally stimulated fracture networks
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Fig.7 Stress patterns considering microstructural influence
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Table 3 Experiments on the evaluation of the impact of
proppant grain sizes on fracture conductivity

3.1.1

LGS SCAEFRAR /um AL
1 45~75
2 60~105
3 105~210
4 150~300
5 1:1:1
6 150~300 : 105~210 : 60~105 1:4:5
7 1:2:7
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e
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Fig.8 Experiments on the impact of proppant grain sizes on

fracture conductivity
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Fig.9 Curves showing the relationships of proppant volume with the length and width of the monitored fracture network
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Table 4 Rock mechanical parameters of the coal seam at well
DJSS and its roof and floor
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Fig.10 Calculation results of stress in the wellbore of well DJ55

and its periphery
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Table 5 Statistics of parameters for fracturing operations and operations at well DJ55
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ER/N 410.6 2041.0  10.0~11.1 ZFZEHWK  60~105 pm : 45~75 pm=1 : 3 55.5 40.8 23.4
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Table 6 Parameters of induced fractures at stages 2—5 of well DJ55
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Fig.11 Fracturing monitoring results and production curves of well DJ 55
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Fig.12 Differences in calculated stress of wellbores and their
peripheries between wells JS8-6P04 and JS8-6P05
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Table 7 Monitoring results of fractures at wells JS8-6P04 and JS8-6P05

[ ISR AR-VEONRE T AR-PuN s I J3 b KR

Wi TBe Skm  Gekm  SEERM T b Kol 2/m BB 1z
JS8-6P05-1 147 134 281 2~4 -13 =5 N 7 X 2RI
JS8-6P05-2 138 158 296 1~3 20 eh Ay IX. 2RI
JS8-6P05-3 161 192 353 1~2 31 R g X EZ 12/
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JS8-6P05-5 232 66 298 1~3 -166 RN, RRHEEERT 2R
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Table 8 Comparison of production outcomes of wells JS8-6P04 and JS8-6P05
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Btkm B BiK/m o (tm™) m*m"y K #10'm’ AE10'm’ AE10'm' ST A R0 m?

JS8-6P05 1300 9 144.4 3.44 23.6 136 1168 8.59 0.95 898.5

JS8-6P04 1197 8 149.6 5.92 227 136 1056 7.76 0.97 882.2
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