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Abstract: Aiming at the problems of super-large mining space, strong ore pressure and ultra-high coal wall stability con-
trol faced by full-mechanized mining face with ultra-large mining height and thick hard roof, this paper takes the 122104
working face of Caojiatan Coal Mine, the world’s first ultra-10 m super-mechanized mining face, as the research back-
ground. Systematic research on pressure relief mechanism of heavy hard roof fracturing, true triaxial hydraulic fracturing
fracture reconstruction experiment, three-dimensional fracture propagation fluid-structure coupling numerical simulation,
high-flow composite fracturing technology and process, hydraulic fracturing effect monitoring and evaluation are carried
out. The results show that the pressure relief mechanism of hydraulic fracturing of thick hard roof is mainly embodied in
structural regulation, stress transfer, energy release, strength deterioration and so on. Compared with Zhiluo formation,
Yan’an Formation has a higher content of brittle minerals and is easy to form complex fracture network. The average frac-
ture radius increases from 21.9 m to 32.5 m with the displacement increasing from 1 m’/min to 5 m’/min, an increase of
about 48.40%. The larger the displacement, the larger the hydraulic fracture scale. The hydraulic fracturing pressure relief
technology and high-flow fracturing equipment for thick hard roof have been developed. The composite fracturing techno-
logy of abrasive jet pre-cut slit and 5 m’/min large flow rate was developed, and a “one game, one policy” zoning design
concept of directional hydraulic fracturing for long horizontal drilling was proposed. A set of directional hydraulic fractur-
ing methods for long horizontal drilling with dynamic update of fracturing zones and fracturing plans was formed, and en-
gineering application tests were carried out in Caojiatan Coal Mine. It has realized scientific and effective prevention and
control of ore pressure in 10 m super-high working face. The surface microseismic real-time monitoring technology cap-
tures the spread track of the fracture network in real time, effectively guides the adjustment of hydraulic fracturing scheme,
and obtains the spatial distribution characteristics of roof hydraulic fractures. The multi-factor comprehensive evaluation
of hydraulic fracturing effect is carried out, and the working resistance of hydraulic support, the pressing step distance and
continuous distance of working face cycle, the dynamic load coefficient, microseismic events and energy are comprehens-
ively analyzed to evaluate the hydraulic fracturing effect. The underground test results show that the underground hydraul-
ic cracks in Caojiatan Coal mine are mainly horizontal cracks, and the average spreading distance along both sides of the
borehole is about 80 m, which effectively weakens the overlying thick and complete roof within the working face, and
realizes the effective control of regional roof structure. By using zone fracturing technology, the thick hard rock group is
pre-fractured in advance, reducing the pressure step and dynamic load coefficient, and ensuring the safe and efficient pro-

duction of 10 m super-high mining face.
Key words: extra-thick coal seam; 10 m super large mining height; thick and hard roof; compound fracturing; regional
pressure relief
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Table 1 T6 borehole formation parameters.
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thick hard roof
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Table 2 Results of mineral analysis of whole rock in T6 hole

\ R 5 80%
e — Watm 4. L %
Tike kA BT It k- D Bt

2-1 13.6 13.8 39.7 0 0.6 0 323 67.1
2-2 14.4 9.8 435 0 1.0 0 31.3 67.7
3-1 15.4 17.0 37.2 0 0.9 0 29.5 69.6
3-2 18.7 11.2 342 0 1.7 0 342 64.1
4-1 16.1 15.4 31.6 0 1.5 0.4 35.0 63.1
5-1 22.2 14.4 233 0 1.1 0.6 384 59.9
9-1 29.4 9.9 23.8 0 1.8 0.9 342 63.1
9-2 28.1 4.7 22.9 0.3 1.2 0.3 42.5 55.7
11-1 19.2 13.0 32.9 0 0 0.4 34.5 65.1
14-1 24.0 22.8 1.4 0 0 0.5 51.3 48.2
14-2 11.7 15.5 28.4 0.4 0 2.1 41.9 55.6
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Table 3 Results of clay mineral analysis in T6 hole

Bib o 580 % BHEE )RR %
V) — : — A S0 17 kY HU %
B B L A BHERE Yo PR

2-1 12 75 9 4 20 80 0.26
2-2 8 84 7 1 20 80 0.06
3-1 8 73 15 4 20 80 0.24
3-2 19 49 25 7 20 80 0.48
4-1 7 83 8 2 20 80 0.14
5-1 17 57 18 8 20 80 0.61
9-1 14 63 14 9 20 80 0.62
9-2 13 70 12 5 20 80 043
11-1 11 75 8 6 20 80 0.41
14-1 5 83 8 4 20 80 041
14-2 7 82 9 2 20 80 0.17

x4 KAEFLEHIRL N SN E R BIEE
Table 4 Stress conditions and fracturing fluid selection in

hydraulic fracturing experiments
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1 12.8 23.4 8 1.0 10
2 12.8 23.4 8 1.0 10
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Fig.9 Fracture growth morphology and scale under different fracturing duration
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Table 5 Hydraulic fracturing in-situ stress measurement results of Caojiatan coal mine

JERSH/MPa

TN F1/MPa

Py =2 B /m [ESya| APk
Pb Pr Ps Oy Ohp oz
1 284.0 11.06 4.07 3.34 475 2.74 7.10 N46.9°E Atz
2 290.5 7.39 3.94 3.28 4.83 2.85 7.26 — YkiRbA
3 292.0 7.42 3.42 2.41 2.77 1.89 7.30 — NAbyitires
4 301.0 — 15.63 12.32 20.47 11.89 7.53 N33.5°E HoRib A
5 302.5 — 18.55 11.85 16.17 11.44 7.56 — reRiRb A
6 304.0 — 15.63 10.97 16.48 10.57 7.60 — HoRib A
7 305.5 — 16.82 10.34 13.43 9.96 7.64 — ARIRD A
8 306.5 — 13.87 8.65 11.33 8.28 7.66 — YkifbA
9 308.0 — 14.30 8.88 11.62 8.52 7.70 — ARIRD A
10 309.5 — 14.64 9.36 12.75 9.02 7.74 — YkifbA
11 316.0 — 4.08 3.42 5.62 3.14 7.90 — YkitbA
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Fig.18 Perforation position diagram

xo6 BERERIZITSH

Table 6 Abrasive jet design parameters

SRR LR SHFLARY LA R BRI

(m® - min") MPa min min 48 JHE/L
1.0~1.5 12 10 12~13  20~25 30~35
%7 F5-12 BHRE
Table 7 F5-12 hole test
JEZH i:ﬂ;g WHLESE
MBI 25 25
FEZFFEETRIA 40 minBIK 22 19
FRIRIK B 7 5
R K B 15 14
Fe IR )N T 40 min H KSR K BEEL 3 6
®8 F59E7Likn
Table 8 F5-9 hole test summary
JEZT5 ggijg WHESE
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IR IK B 13 11
RS RSN TF40 min B EHR K B 2 5
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Fig.19 Casing hole measurement after perforation
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Table 9 Comparison of fracturing data before and after abrasive jet

R JRZ E/m it /min s I F1/MPa K F1/MPa Hetk/(m® -+ h ) ik
SHREH 762 40 17.7 18.5 101 TeiR KNG
HHESY 747 15 18.5 19.6 103 TFH 2415 minf5, RKEK
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Table 10 F1 drilling field each horizontal drilling seam network parameter statistics table

HifLg= B TR K /m 498 /m ZER/m FL&H/m JEZ K /min B /m?
F1-1 9 86 324.17 72.37 28.29 372 489 599.84
F1-2 7 116 271.22 62.86 22.92 300 525 639.39
F1-3 10 71 362.05 78.17 21.62 390 589 723.63
F1-4 7 10 247.24 57.23 20.19 336 527 641.33
F1-5 11 179 363.67 62.74 38.28 432 791 980.95
F1-6 9 7 295.36 52.05 43.08 384 493 599.21
F1-7 13 161 281.57 78.18 28.80 483 1107 1401.66
F1-8 11 56 352.85 48.69 21.99 447 635 705.43
F1-9 15 247 440.18 92.95 38.99 546 1626 1998.93
F1-10 13 287 323.49 82.52 26.48 300 831 944.50
F1-11 13 316 257.55 71.59 21.05 300 1121 1271.69
F1-12 6 150 316.14 116.24 23.34 300 503 617.21
F1-13 10 158 377.22 72.20 25.94 396 810 985.14
F1-14 12 197 467.30 76.89 28.29 474 677 763.88
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F2 drilling field full borehole monitoring results
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Table 11 Statistics of parameters of horizontal drilling seam mesh in F2 drilling field

il JRRB (LTS e S K /m 4E5/m SE1/m fL%/m 24K /min B dit/m?
F2-1 9 23 267.63 67.57 29.96 327 691 851.0
F2-2 10 34 277.48 51.13 28.35 351 733 1603.6
F2-3 12 24 327.62 55.52 24.98 423 920 2168.0
F2-4 14 32 323.62 7329 3491 453 772 2407.0
F2-5 15 26 326.93 54.69 28.96 540 1237 18252
F2-6 18 34 370.04 57.30 3451 609 1413 3161.0
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Table 12 F3 drilling field each horizontal drilling seam mesh parameters statistical table

FELIX[B)” 5 ELAE 5300 m %537 X 18] N B A%, 22 B
J5 M ka3 @ 24 000~28 000 kN A “HBHIX ] 4 H
SN 7.5% . 9.3% F1 10.7%; @) > 28 000 kN fit) “EFH
K] Fe A5k 11.8% . 16.4% Fi1 8%; 7E 5300 m JE
S4BE X IR P g, SRR TR R R

28 EAFral AL 55 600, 4 700 m R 25 37 X s

ifLgwT FEZBAL TR 2K /m 55 /m Y /m L% /m FEZHHE /min H R /m?
F3-1 11 67 561.71 93.30 38.78 591 851 2615.85
F3-2 12 45 485.61 93.07 30.69 603 1310 4060.00
F3-3 13 52 587.79 91.88 34.77 684 1319 422513
F3-4 14 156 550.45 131.74 37.96 708 1157 3673.20
F3-5 14 57 572.07 99.57 33.93 750 1533 4491.13
F3-6 15 272 576.44 102.66 32.78 744 1850 6162.81
F3-7 15 233 531.07 99.90 34.30 630 1085 3 842.90
F3-8 9 11 330.62 129.55 24.60 333 658 2583.42
F3-9 11 847 617.27 108.63 36.27 756 916 4054.05
F3-12 21 59 366.71 102.30 35.28 354 717 2009.79
F3-13 18 219 313.78 98.11 36.03 291 414 1158.59
F3-14 21 178 402.31 93.42 31.05 372 706 1971.57
F3-15 25 32 487.86 152.77 3291 429 950 2 584.60
F3-16 23 38 389.93 113.27 30.02 402 822 2231.88
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Fig.44 122104 face fracturing zone overall pressure and column compression diagram
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