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Influence of geological factors on hydraulic fracturing effect of coalbed
methane wells in Shizhuangnan Block , Qinshui Basin

ZHNAG Qian'*”  WANG Kaifeng'*” ,ZHOU Shulin®, TANG Shuheng'*”* ,ZHANG Songhang'*~,
YAN Xinlu'*?, YI Yongxiang'* ,DANG Feng'** ,ZHU Weiping’

(1. School of Energy and Resources ,China University of Geoscience( Beijing) , Beijing 100083, China; 2. MOE Key Lab of Marine Reservoir Evolution and Hy-
drocarbon Accumulation Mechanism , China University of Geoscience , Beijing 100083, China; 3. Beijing Key Laboratory of Unconventional Natural Gas Geolog-
ical Evaluation and Development Engineering ,Beijing 100083, China; 4. Coal Geological of Inner Mongolia Autonomous Region , Hohhot 010010, China;
5. Unconventional Natural Gas Engineering Technology Research Center of Inner Mongolia Autonomous Region ,Hohhot 010010, China; 6. Zhejiang Normal
University , Jinhua 321004 , China ; 7. Exploration & Development Research Institute , Tuha Oilfield Company ,Hami 839000, China)

Abstract : Geological conditions are predominant factors for developing the coalbed methane (CBM) ,and directly af-
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fect the hydraulic fracturing process,which results in the varying performance of coalbed methane wells. In this study,
a total of 34 CBM wells with similar construction parameters were selected to analyze the effect of geological factors on
the hydraulic-fracturing performance. Geological factors including crustal stress, coal texture and the lithological signa-
ture of roof and floor bed were analyzed and the fracturing effect were then evaluated. Results show that the magnitude
of three-direction crustal stress controls the direction and the length of extended fractures. The type of coal texture de-
termines whether effective fractures can be formed. The roof and floor of coal seam are mostly sandstones and mud-
stones, and their relative thicknesses affect whether the fractures can penetrate the aquifer. Better fracturing perform-
ance was found in the areas with smaller stress ratio, larger horizontal principal stress difference coefficient , higher pro-
portion of the primary coal and larger thickness and proportion of the aquifer roof and floor. The production of CBM
wells were recognized to be higher at such areas. The central part of the study area was characterized to develop verti-
cal fractures,and to have a high proportion of the primary coal and high mudstone proportion in the top and floor,
which makes it to be the primary area for hydraulic fracturing. The secondary targets for hydraulic fracturing are loca-
ted in the south and southwest of the study area,where good crustal stress and roof-floor conditions could be found. In
the north ,northeast and southeast of the study area, however, the hydraulic fracturing should be avoided due to the

large destruction of coal structure and poor sealing condition of roof and floor. It is suggested that the hydraulic fractu-

ring scheme should be designed based on the geological conditions of coalbed methane wells.

Key words : hydraulic fracturing; CBM ; geological factor ; Shizhuangnan Block ; Qinshui Basin
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Fig. 1 Regional geology and well location of Shizhuangnan Block
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Table 1 Calculated fracture length of 34 coalbed methane wells in the Shizhuang South Block

-4 h/m Q,/m* Q,/m? E/MPa o,/MPa o,/MPa m 2K /m
TS-6 5.90 506. 60 85.35 3 500 15. 00 14. 50 0.33 103. 04
TS-7 6. 30 1 149. 80 94. 67 3 500 20. 00 22.50 0.33 118.17
TS-8 5.00 518.00 105.33 3 500 14.00 13.00 0.33 119.79
TS-9 6. 60 517.72 100. 15 3500 25.50 30. 00 0.33 70. 65
TS-10 6.53 513.79 117.72 3500 12.50 13.00 0.33 106. 43
TS-11 6. 40 432.30 74.30 3 500 19.70 23.00 0.33 74.35
TS-12 6.55 509. 01 100. 56 3 500 15.00 14.50 0.33 98. 65
TS-13 5.90 498.39 135.72 3 500 13.00 13.50 0.33 108. 74
TS-14 6. 20 485.52 65. 54 3 500 8.00 7.50 0.33 135. 04
TS-15 5.90 550. 30 104. 30 3 500 17.00 17. 50 0.33 99.01
TS-16 6.51 501.78 118.92 3 500 21.00 23.50 0.33 79.28
TS-17 5.50 479. 00 70. 36 3 500 22.00 25.00 0.33 80. 04
TS-18 6. 40 562. 10 86. 37 3 500 20. 00 21.00 0.33 87. 08
TS-19 6. 20 502. 70 90. 47 3 500 15.00 15.50 0.33 97.92
TS-20 6. 20 588.90 102.33 3 500 18.50 21.00 0.33 91.99
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& x
H-4 h/m Qy/m’ Q,/m’ E/MPa o,/MPa o,/MPa m #K/m
TS-21 5.79 581.10 70. 65 3 500 14. 50 16. 50 0.33 104. 69
TS-22 6.20 568. 48 112. 51 3 500 26. 00 25.00 0.33 78.63
TS-23 6.20 562. 20 110.70 3 500 15. 00 17. 50 0.33 99. 43
TS-24 5.90 521. 80 61.53 3 500 18. 00 17.00 0.33 93. 89
TS-25 6. 00 558. 62 72.81 3 500 20. 00 18. 00 0.33 94.49
TS-26 6. 00 508. 30 141. 03 3 500 9.00 7.00 0.33 145. 00
TS-27 6.40 455.91 91. 65 3 500 15. 00 19. 00 0.33 85. 65
TS-28 6. 00 512.23 76.70 3 500 20. 00 20. 50 0.33 86. 55
TS-29 5.00 514. 65 108. 03 3 500 24.00 28.00 0.33 84. 00
TS-30 5.95 430. 19 65.33 3 500 8.00 8.50 0.33 124.29
TS-31 6. 65 510.99 112. 69 3 500 12. 00 11. 00 0.33 112.25
TS-32 6.32 473. 80 76.40 3 500 21.00 24.00 0.33 76.22
TS-33 5.00 500. 29 92.69 3 500 15. 00 14. 00 0.33 113. 15
TS-34 6. 00 502. 58 106. 52 3 500 15. 00 16. 00 0.33 99. 04
TS-35 5.50 583. 50 92.20 3 500 19. 00 23.00 0.33 93.19
TS-36 6.50 573.74 87.25 3 500 20. 50 22.00 0.33 85.47
TS-37 6. 60 499. 26 109. 23 3500 9.00 9.00 0.33 124.54
TS-38 6.45 523.40 125. 64 3500 10. 00 9.50 0.33 125.01
TS-39 6. 80 505.70 111.42 3 500 12. 00 13. 00 0.33 103. 92
F2 MERMRIUGE BT S REKE
Table 2 Crustal stress statistics and length of fracture in the Shizhuang South Block
o,/ a/ o/ NJ3 o KSFERTT K/ o/ a/ o/ RSy AKFERTT ks
M MPa  MPa  MPa K, ~ ZRHK, m M MPa  MPa  MPa K, ZEFRHK, m
TS-6 16.46  20.72  20.90 0.79 0.27 103. 04 TS-23 15.15 17. 69 17.10 0. 86 0.13 99.43
TS-7 13.51 19.05 18.40 0.71 0.36 118. 17 TS-24 18.40 18.85  20.90 0.98 0.14 93.89
TS-8 12.82 19.12 16.10 0. 67 0.26 119.79 TS-25 15.89 18.49 18.90 0. 86 0.19 94.49
TS-9 27.53 18.13  28.40 1.52 0.03 70. 65 TS-26 9.49 19.14 13.80 0.50 0.45 145. 00
TS-10 14. 89 17.74 17.20 0. 84 0.16 106. 43 TS-27 18.97 16.92  20.30 1.12 0.07 85. 65
TS-11 26.52  18.54  27.90 1.43 0.05 74. 35 TS-28 19. 63 14.70  21.70 1.34 0.11 86. 55
TS-12 17.08 18.48  20.00 0.92 0.17 98. 65 TS-29 17.40  14.31 19.20 1.22 0.10 84.00
TS-13 16.70  18.57 18.70 0.90 0.12 108. 74 TS-30 12.74  15.22  17.80 0. 84 0. 40 124.29
TS-14 10.64 18.84 12.73 0.56 0.20 135. 04 TS-31 10.93 15.17 15.40 0.72 0.41 112.25
TS-15 17.96 18.37  21.60 0.98 0.20 99. 01 TS-32 16.28 16. 01 19. 00 1.02 0.17 76.22
TS-16 15.02 17.45 17.50 0. 86 0.17 79.28 TS-33 11.97 17.69  16.80 0. 68 0.40 113. 15
TS-17 22.01 17.31  24.80 1.27 0.13 80. 04 TS-34 16. 44 13.81 20.34 1.19 0.24 99. 04
TS-18 16. 93 18.97 19.50 0.89 0.15 87.08 TS-35 16. 41 17.51 19.70 0.94 0.20 93.19
TS-19 18. 67 18.87 22.24 0.99 0.19 97.92 TS-36 22.64 19.03  25.83 1. 19 0.14 85.47
TS-20 16.46  20.72  20.70 0.79 0.26 91.99 TS-37 9.80 14.33 11.38 0. 68 0.16 124. 54
TS-21 15. 00 17. 65 19.40 0.85 0.29 104. 69 TS-38 8.41 13. 89 11.55 0.61 0.37 125.01
TS-22 17.03 17.08  18.60 1. 00 0.09 78. 63 TS-39 10. 21 14.25 14.91 0.72 0. 46 103.92

=) g A R A A — S A R
P, KFER/NERN ) S AR H 8 R R
TAIRKAR (F 2(a), (b)), BIKF-fe/NF W 7
R, BB RMBEZ SO H 2= S o TR
Je DR 7 o JREA IR AT TR 2R

PR BLAE

Ny

Py

W, SEETEAE U 2 BT e/ BN ) J7 1) T 2401 4
et LA SR B S KT B/ S ) R
AIBE 1, w5 B B /N K S 20 ) 45 5 R A A B i
A, OGN R I, K R T 5
SR AR R B SR AR EA SR L



2640 # 2

www.chinacaj.net

F % 2020 4E4 45 %

8(E2(c),(d)). MBI 2(c), (d)ATLIE I, Y
KR K F W 11 <20 MPa I, 28 K15 4:>100 m, H
W7 S 5 KOF B K 320 7 A G PR 55 |, AR Ak
BORHRER I AR O R, A0 B vl g i S 1A
R R B AT T d5e K A A 07 1] T 4 HAE | di
KN TR, BN ) 4% R S RAE {1 K
VB K 32 0 R [ b 1 AT B A R oK S N T

150

140 - A

130 - & )=3.576 8x+136.62

120 F A R=06628

1ot -

100 f--------- SSROEEEEEE
90
80
70 b
60

Al

/m

4%

| 1I0 1I5 2I0 2I5 30
AKPi /N F R F/MPa
(a)
150
140 =
130l m y=1.715 3x+135.32
120k R*=0.584 8

£ 110}

10 I 20 25 30
ACE B R /1/MPa
(¢)

150
140 |
130}
120} .

£ 110} - .
%5 100 | o3
90 |

80 - ©
70} ®

60

15 20 25
TE H 3B 73/MPa
(e)

WOK PR EN N 58K BA —ENRHEEKER,
RSG5 . T S% KB, 458 1l A0 B % )23 HE SR it
¥ PRl 3t B A A ) R AR B
W, MUK R FE 0 15 H Y PS5 8 60 A 6
KF 35 I N S K HE S AT 13 ~
23 MPa, HIEm ML 545K H ¥ =S & LH B
IR (B 2(e), ()

2500
2000F
" a y=-49.085 5x+1 137.54
—~ 2=
i 1500l R=0.2359
r
£
= 1000
o
5001
0 L L L L
5 10 15 20 25 30
KFAR N FE R )/ MPa
(b)
2500
2000 +
4 = y=-34.467x+1 2878
18 1500 - R=0.1171
lj
R
& 1000
-l
500 |
0 . ; .
10 15 20 25 30
KT K F B S)/MPa
(d)
2500
2000
& ®
£
ﬂiﬁ 1500 |
I ° @ °
# ‘ Y
& 1000} . ®
i .‘ .c L ]
L J &
500 s ®
o ® o of
0 . .
10 15 20 25
T B HL R F3/MPa

()

B2 =i ) 54 HE PR R

Fig. 2 Relationship between three-dimensional crustal stress,fracture length and daily average gas production
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Fig. 3 Correlation analysis between K, ,K| and fracturing effect
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Fig. 6 Distribution map of crustal stress, primary coal and roof sealing layer in Shizhuangnan Block
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