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High efficiency gas drainage technology of hydraulic fracturing

with directional long drilling in underground coal mine
MOU Quanbin', YAN Zhiming® ,ZHANG Jian'
(1.Xi’ an Research Institute Co. ,Lid. ,China Coal Technology & Engineering Group Corp. ,Xi’an 710054, China;
2. Yangquan Coal Industry ( Group) Co. , Lid., Yangquan 045000, China)
Abstract : In order to improve the gas drainage effect of a single coal seam with low permeability in underground coal mines, based on the
shortcomings of the gas fracturing technology of ordinary medium and short borehole hydraulic fracturing, combined with the geological
conditions of coal reservoirs and the characteristics of directional drilling technology, a high—efficiency gas drainage technology of direc-
tional long borehole hydraulic fracturing is put forward, and the overall pressure of long borehole is summarized. Two hydraulic fracturing
modes—integral fracturing and comb—shape borehole fracturing in surrounding rock are introduced. The construction technologies and key
technologies are analyzed. Taking Yangquan mining area as an example, the directional long borehole hydraulic fracturing test was carried

out and its effect was investigated. The results show that the fast fracturing technology based on the principle of expandable packer can be
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used for integral fracturing of long boreholes, and the fast setting of combination of sealing tools can be realized within 10 minutes. The slip
sleeve fracturing technology of bare—hole packer was adopted in the section fracturing of comb hole, and the slip sleeve of all levels was
opened in turn by the way of hole opening shot, thus the water injection fracturing operation of each branch of comb—shape borehole was
completed. With the increase of the distance from the borehole, the total water content of the coal in the influence range of hydraulic frac-
turing first increases and then decreases, and the gas content of the coal seam has the opposite distribution characteristics to the total water
content of the coal body. During the fracturing process, the stress and deformation of the roadway were obvious. In the initial stage of the e-
jection, the water flow carried a large amount of powder, and the powder discharge amount reached 6.5 t. The maximum influence radius
of integral fracturing with long boreholes and sectional fracturing with comb—shape boreholes are 58 m and 60 m respectively, which are
2.32 times and 3.53 times larger than that of conventional fracturing boreholes. The average gas drainage volume is 1.51 m’/min and 0.25
m’/min, which are 24.40 times and 13.89 times higher than that of conventional fracturing boreholes. The analysis shows that there was a
water flooding effect in the fracturing process, and there was a spatial imbalance in the effect of fracturing on the coal reservoir transforma-
tion.. The phenomenon of volume expansion and softening occurs after water absorption of coal and rock mass, which changes the distribu-
tion of stress field around boreholes, and leads to the deformation of roadway under compression damage.During the staged fracturing of

comb holes, the fractures in the surrounding rock communicate with the fractures in the coal seam through traction, thereby forming a new

coal reservoir fracture network system, which is conducive to improving the gas drainage effect.

Key words: integral fracturing; sectional fracturing; comb—shape boreholes; sealing; drainage effect

0 31 =

F A DX 51y 5 S 2%, 2RO 2 BA
5 A m e AR F R R
ST SRR ARME L A, F— R S LR B o 2
SRAT SRR X BLHT I LR 5 S A B AHERT, I 4F
o, B N2 B T LLED R R Y A ) i
MARER RS R R M= FUA BEEOAR | Bl 58K J1 %
O ORIl K Ty E A K O AR
ARAESER I N HEAT T R, Rl 7K ) 2R
A i T HEA H R R S AR I e A5 5
ZEN TR

IK 3 S P o s 7K ok L) R Ay
Jr R S A FLERE T AR s g fi
A IR LR B AR v 7 A BCHE T 3 A
P DA SR AR S A BB A 3 A A2 B i
ShF e m R AL BT R AR . F A P e
SO TR RGBS ERSHRITY
FLOLARAR B R 245 0 R 2% 42 45 D T T
TR PSS TR, JF R AR R 1) T
T A RS RS ET nab F A
AR REBOR . RTI, B RLAER™ I R 7K ) e 244l
Z U ALY BOR R EAAE UL
7). DR ZUE S8R TRRZE G AN B2 B AL
KR (<200 m) , BEARS m TRK AR T2 2 R T
L5 AR/ ME DL ST I L TE R S A X B 4
TR QELEORTE G, HRAKYE R AT £ L5
A B E AL T8 R B R R R 2 N T 24
M B A K 2L F XU s @ R i AR

A B A LS i i = 8 IO, FLP s TR AN 2 i
SRR ), BRI 2 17K S IR
(DA R, SRAESE BRI T AR RS R
JEBITRAR A J2 K 73 BOR R AR R R T
IR IEATE [0 S AL AR B BUR R T2 97
WAL XIS TR, W A6 3 o B S 40 A
AR ES & Tk, o T MRE R Z 2
B U RS AR St 1 T s 0K R
WEARTZ, BCEP PG T I E R K5
BRI Bl AL 20 B 1 R ZREOR I X
R DX R A X 7 TR 4 55 1k, o SRR 4 B il
T HIEEAR AR B ALR A S A I T R A L B
P E T T 50~ 60 m AL BOERL, A
T, 16 TR A ALK 7 s 2EFUT s 280 R BOR

AR B =
UTAFAE, BN GBI 1 T R AOK g T
SR IR 7E R SRR LI SR T
N ) B A BB R AR B E A R I AE B
2R BRI 5 R K A S Bt /K A5 5 TS 1)
T2 U TR i 522 ) B AL TR At
ARSE 1) Bl L AR B2 2 1o B AL 55 22 b il E B R A T
S g I R R K ) R AR AN S A A
LT ATRE, Sl P RS FL K S R L, RE 1K
Bl FLK ) 2 T T 2 5 8R T3 T 5 g S22 v
P TR L Be A IR m AT e gerh S LK
FRZATAERY I, S5 A TR 3 o A AR A 1 il
PEROARRR R TR SR T T E A LK
Ty RBEEUA B, IR T TR T Tl i, B
BT BUFRIBOR B8 B AR IR BOR AT B4, DL
297



2020 4F55 7 A

www.chinacaj.net

# 2 A F H K 5548 4

JOIXE 9 AT FUIRA B BT A R
1 EEREFLKNERER

1.1 KEALBEER

BEPRAE SR TT AL, LT B2 AR AR
ARIEARZ ARG BB B FL I, (6 FL R i
BZERAGE(E 1), RAEHE ST Z, A
FHE 1) Bl E B A 2 1l i L2900 30 0 2 AL 2= 1 A i
TEZRAESRVFRINE LT, Al AEREZ e T 32 AL 36K
KRR, RIERRRACA TR S, A
FLBOR YL £ 508 JZ AL N AP ok Xt b & 217 £
AL, SR RHE R e S — X A AR L Bt A7
PRI, SRR AT T 0 S 4 2 DX A 5 Al
R, LAERARHE ML A A 4 SR R BT R B AL

7

AR [

=
R

A1 TR ERERTE
Fig.1 Schematic diagram of long hole integral

fracturing underground

1.2 BERRILSBEER
Bl R L0 B 2R 2T 23 SR AR AR AR L 23
B TR AL o0 Be 228 2 2R (181 2) , &R
BRARTB A IZ LA AR A 2 A Bl 5 26 7 4l 4
BASLAL FE2SAL || Fnsr AL

LOWE st ok RS

(a) JEMRHTIRAL I Be 2

TR

i il

|||||||||
||||||||
|||||||||

s %ﬁl%%& BIRIHE

=

AL 20y3AL
(b) TURKCRL > BUE R

FingyCAL

H2 MRASEERTE
Fig.2 Schematic of comb—shape borehole sectional
hydraulic fracturing

298

e AR AL , 2 FLAT B A AL B B2 T Al
TA A L J= e, R Ak o R B 2 i o3
SO T T2, 1 e Ae BEJZ AR (sThiAR ) F 7 (Bt
J5)2~5 m s TAGE LA F 4L, Z 5 SR
FHBRARTT 20 3 07 Wi T 0 SCAL sk AR 2
Koy AL BHRIZ , or SCALZ B R T 50 m, 7
SCALAIEA AT T 20 m BRSPS FLBE, 8 TR FR 4%
Apdr SRR R TR IR i 4% 1 B 0 BUR 2T
B RAEKF B 3 SOT AL BT T A ML 5UE
B 25 R BRI S, RO 11 ke i R R, MRk
FIOTARRE A B T S, DG B I AR U S B 4573
SCEATK I BB, S — R P 4 i A B
IrBURERY AR EE T S OB K
RE)Z 2% P, S0 B X AR )R B L 2 R AT IR 5 3 0
(A8

2 ERIZEXEBHERR

21 KEHABEKEHR

I KA LR AR T3 244 1T 43 h o 4 By
B R K B BRI R B B, A o B R B 5 i
Fried AL AL CEHAL ORERSE TR, S R K Y
B FG K R W I W 4% T 5 PR R B BEAL S 56
5 RE HOKETY . R8BSR 2L B
Wi RAL, S —FLZE

HERS Y B 1 Sk e AL LA @ FLAE M, I
B AL, EBRFL N , SR 5 0 R & i A 7
R4, SREGE TP 5k 2 B b e 5 B 0 P 2 L3
AR RIEE IR ILFE 2 A PR SRR e 2 B
TAHGIEE AR 2R E kB R S
WAEALT R4 G (K 3) s AT s, 5
IR G FE R K BT, 76 10 min P SZEEE L T
B AP s B R K B Bk F AR [] W
S5 50, 3 PG K AE N 20, A S 1] g
HE A5 e 288080, 24 K 8 B TSR 5 1k R
FENL, RREEE S BRI A B B R S A AT RIS
I, FERESH S ST ORI, B A5 L IR AR R
G REAK EL ARAET- T JS FTHFFL T AT HE
TKAEL

K3 HATEAEGEHTE
Fig.3 Physical map of sealing tool composition
22 WRILHSEEHR
FORFL A3 B R 28 T 24 T AfLNIE



AR IR E 0 KR FLAK I 2L PUI 8 AR B R

www.chinacaj.net

2020 455 7 H

PURE LB LA ArEr SR KRR
W PR KSR, LR E 2 i P ks e
PR de SR E R 22 E SIRESFAUN, i s i
BRI P ARIBUEN B (& 4) . FI BB R AL
3B LT B, BB B B — Ao S L. AR
FAABEF R e Z A He A BRI B Ok & L

PRt = BUR R T2 SR AL 1 8k 07 ORI
JE BRI B 5 HL o A £ BR T S R P, a0 L i 1Y
O SCREAL TR T o s Hh K LR EA T 7K ) T 284
b PLSEHE , i BL ) A2 8RR, HORIT T 45 42
PEERUTE , 58 MURAR FLAS > 23 SR AL K TR 24E
b W A DR HE K AE TR AR A TR 2R

BB A 5 K FLIR FER AL S it T R FH AR R —,
XL B2 %L $3 AL FIY S 2 FnyA fnm EAL

/) /)

) ) st \ag //

i

BEgd BEREE HES REGRE HIRS BOREE HEAS REGEE HEG REEE EZ%{%E
B4 fkIoBAkhERHILTE

Fig.4 Schematic chart of sectional hydraulic fracturing sealing for comb—shape borehole

3 HIFHMA

3.1 KEFLEMEKNER

PR DT S PR X B AR Z oy 3 50
VEREAE 7S A AT KA LR A OK ) R 245,
R X Z R 2.25 m, 2 & & 78
12.87~15.95 m’/t, F#) 14.41 w’/t, LHT &
2.10 MPa, ¥ 4K 4 K 43 76 2. 54% ~ 3.10%, “F 1
2.82% AR SE RS R AR ]y 3 ) SRy A2 ) it 1%
JEWR AR E, R R A A E R 0.77, %
EBESIERECHN 0.009 7 m*/ (MPa® - d), &ifLE K
IR R ECN 0.597 47, @ T ML A AR ERAIR 1B U
2o 38 2E E A AL B R AR R R 0.20% ~

601

1.80% , R i & 0.003 ~0.006 m®/min, FLITT R
MEREAEK

A E SHZ RIS 47 m, AR5
LI U2 1] A (&1 5) , SR I8 3l [l il ik
FR VAL 495 m, B2 B 307 m, BifLEAR
120 mm, K S EZAE 3T E4T 33.6 h, RiFEAK
1510 m*, e KRR AE 0.66~0.94 m®/min, 1
IKFETIHE 17.17~26.09 MPa, Jk %450 8 b 4% 18 FC T
TR 0.10% ~ 0.45% , 7] WL 21 4 55 I fe o5
% BT ARSI KERSE, REL15d,
LI 13.50 MPa FEAKE] 2.20 MPa, il 72
FTHIK AL 4854 b, 2 B0 53 il 1
[EHER A5 6.5 t,

| BRI %e
£ 40f DA R
= 300 L ST B AL
@m0l
o EEHRE 7 b i sesin
0 5IO I(I)O 15IO 2(I)0 25‘0 3(I)0 35IO 460 4%0
KB 25 /m

K5 KL Hm
Fig.5 Long drill trajectory chart

PRI ] it T 12 RCRHFEAL, P 1 2 %5
Sl LA B S S A L B IX 3R, H e R SR i
Jiti T HAEFLN 25 R YT AL (L 6) o R
FHRE 1RFE T IR 4K A | BUHT &5 e S 40l
TR, ERE B B S 1E 24 h 3% B S2I0 2= (b 4K
4%, R FLAR 1) 3 B vk X 4 e B2 B Sk &R
LACLZRRINEW

MK, R R ZEIMRECH 0.025 9
m’/(MPa® - d) ,JERZATHY 2.67 £, AR K
161.23% ~13.01% , F-3 6.91% , 10 E2LRTHE 5 2.45

fi, MR &8 7.12~11.82 m*/t, 15 9.20
m’/t, AT R 36.16% , H % 25 12 L &
e FIREA A 7K A3 7 2 [ JR A Jy 1T 22 IR B 1) 0 A
MECE 7)o DA 2K 3 Z8UE N B 584805, K T
FEZ B K A2 A 3] 58 m, 18 3 XF 7K S 24k
FLECIT R S I 23 B, b >R 400 30 B0 39 b >R ot
P T, e W R RS MR, TOAMT
MR FIEAE 0.46~1.88 m*/min, “F1J 1.51 m’/min,
HEEANR 235 d Bt UK ik 50.80x 10 m* 1}
AT X Sl 3 2 22 e S0 LT 34 BL T R i R

299



www.chinacaj.net

# 2 A F H K 5548 4

2020 4F55 7 A
[ s
1 1%% ~77?L :|
10541 45535
7]
En
651l ] i
75 i
359t 3| |
951l ;
127 ) [52]
" 487 B
. E-11 55 4L
254 3ETL 254
1543 4L
1]
L1 8 100 m#E H fic X 4

H6 RELERUIAETE
Fig.6  Schematic diagram of effect investigation holes
0.062 m*/min, g K JE R M 242 R 25 m, 53550
ZE R R SRS L, AR YR Bl FL K g e 24 LT3
FUSrl R MR T T 24.40 1%, i RIE 2L i 2 48
T 2.32 1%,

15
LEYV) .

o~ o TRiEE L, .
o’ °\°

£ 5y N .

iz > [ ] "

B 2 '

& &6

=R A

1= s s

"
3

0 1I0 2‘0 3‘0 4‘0 SKO 6i0 710
5 UL PP BS/m
BT EREEILAER KL KM RELSESH
Fig.7 Distribution of moisture and gas content in
coal around the fracturing borehole
32 MRANBEHR

TEF R I 15117 A ik XU i T 1
IR FL ,, BARIEZE 15 50 AR DK 2%
bl Ak 3 e O 4 R 5.12 m, FUH
a2 ma, EEERERE N 0.011 9
m’/(MPa® - d) , R 47K 53454 1.90%

FFLA BRI BRI 4.5 m BIRD T 77 2
R Al 1151 = Wl 2 s - 0 I B = | N = (W B
FL ) AR T A SR AL, B AL Bt iE R
1155 m, Hr FFLFLIE 534 m, B E 30 m, 1-
4 5337 K 78 m, FIEBLKE 24 m;1-3 4337K 55 m,
B 21 m;1-2 43 K 127 m, G BRKE
46 m;1-1 433K 136 m, ZFHBLK E 40 m, EfL K%
43 ZALFLAE 120 mm, Hodr 1 AN FFURT 4 453 3FL3Y
it A2 (&1 8) , 43 S FLIAIEE 80 m, HeZdid 2
T 1-3 432 S U4, e /K™ 5, Boa s, H
RO X EE AR, S B R R B T K (]
300

30.9 h, i E/K B 1098 m’, I AmRKIE S 1718
MPa, B KHE 57.75 m’/h, 2 1 Kk HEH# ik 5
35 m’/h, EFLEEI L EZRBENSE BN
F ALK IFE] 824 min, VE/KE 611 m®, i KiFE/KIE
J117.18 MPa; 1 -4 43 {3 /KB ] 119 min, 3K &
70 m® , B KRVEKIE S 13.85 MPaj; 1-2 4332 vE 7K i ]
643 min, {F/KH 278 m’, Jx KiEKHE S 10.69 MPa;
1- 14332 73 K BF ] 268 min, 7EK &8 139 m®, & KJE
K H1 11.78 MPa,

100

FAL

g0l 1-45y32 /TR
£ 1-39)3¢ R
’BE 60_ 1_2\
= 1-1503% %
m 40t
L

201

0 100 200 300 400 500 600

LI T P /m
8 AR AR IL A #
Fig.8 Floor comb—shape drill trajectory chart

FE 245 il T 2% 2N FL X6k 2 S 5047 T
R, AW, R FEEZEIMERE N 0.197 9
m’/(MPa’ - d) , W ZEFTHE R 16.60 £, A5
2SR 8.36 m/t, MR LR 4K 25.5% .,
ARSI EYIE R 4.71% $2 55 T 2.47 f%, &K
SEMEARIAE] 60 m, 245 W % BC YT R 37t o
1749 0.25 m®/min , i [] X de -3 257 )2 1R 2444 4L B30
R 0.018 m®/min, F KM N 17
m , FE S5l 2R 5 2= 42 0 EC il R o R e T
3.53 f% A1 13.89 1,

43 @

D) AR 7, I KA LK Ty s 22852 me 3 Rl Y
SRAR A K o3 (B S o T e T Bt 00 B g e 2
FALIE BT | 4K o3 2 BRSO S BRI
FEFE B AL 30 m BT S B B K AE, 15 ) 13.01%,,
MECIT 8 3 A R, A F oK 434 e 1 DX 3 RO 3
Fra U EE RO i SRR A K A S IR Y
ST AR, 3R B R 25 FE oK BRSSO B 8, (H 4
IK G BUI B s AEAN A6 B 501 26 S 0K B Al
FLIK T3 24 %68 A 22 Ao A% R AR 5 ] A TE AN 3
{Lpaa

2) K1 R HEEIL A5 5 b N ) 53 A 55 VT A
K HRAESCHR[29-30 ], FH AR DX Hi W ) 7341 LU B AR
X, 0o, N 12.38 ~ 12.75 MPa, o, N 11.75 ~
14.06 MPa, o, "N 6.31~7.15 MPa( o, NI £ /7,



AR IR E 0 KR FLAK I 2L PUI 8 AR B R

www.chinacaj.net

2020 455 7 H

o BRI TR S, 0, /K F R A7) %X
B 2R B R IE W BN RS oy >0y >0y,
SUEW RN IPRE oy >0 >0, EEHEN E K
IRV F2 N B i, B ROK S 2R J1 U7 18R
N38.4°—WN49° W ARFEINA /K J7 e 24 il 48 e, Hh
N PRE R MY R ERHE, KR
A RN T s a0 N Y VA 9 T RN B 31
LSRN E RN T, A0 TFIEEEZS5E A,
R RS SCRR [ 32], IR RS2 K 32 A T2 e
PEFNERM: R/ INGE R, B 1 ST ol ) e SR 4 K
B, FERCRAL AT Bk 1 R Rt #E b, i T4 AL
FALBE R (A ALK R 60% ~70%) ,
M SLEETE A AP AENE T 3 Y, S EIAH L, B
JZ W EVE S R Pk, 445 R IR AR, T R
A S TR S 22 5 [ /E A 5 1A 250t
JEA FUEHE AR AR O 2 SIS P R
HEVHIE T T B PR IN 4 SE I, A R T

3) L H BRI K A A A K R, U R
SR g FeK P A 1Y) 0 2 TS T L) Rl
NN AR S B B I S i A S A P U i R S (= B Wi )
Ve pe v is Bk 22 I8 R BB K 55 Fl 52 178 B B
G5 TR B TAC 7K 7 R R R A Bk R
KORFUR AR, o028 T BGFLER I A N 13510 55
A, N2 IEARAE WK S5 % Ak, 0 5 B I
PR, 4538 A7 BB ORI 25 5 kAT

4) SRS SRR K H R (>8 m*/min)
BFIE](2~3 h) LRl T =M e, I P R FLE R
I AR B AR (HERE<2.0 m®/min) |, AE L s iE]
K (2~5 d) R, 52 R R )R AR T S2 e, T
VAN SN S Y s L TN R W e u i
AR S5 R, e 2 T 9 oA 52 R A B Ak
ANTRTTAEAD, b PR 28 06 R SR A R e R G 3 AT
Tk —LRAMIIE

5 & i

=A

1) Z55 TR I 3 00 26 1 0 5E 1] 4 B FLE T
T O PERAR TRl LA AR T R [ R
FLor Bt 2 2 Bk 7 He R BES St 1 54
FUAE D73, 20T TR B 32 B TR AR O
PR, RAGFLEEAR T ZER UL T gk X b e 2
AR PR LB, TR £L 73 BT 240 TR TR IR
BB ESBIRRTZ,

2) LLFHUR A X O 4T 1A FL K 2T
AR, g2 R R (DI RS AR P AR IRk

IO, ELXT Ak T2 A0 i S8R A 25 (8] L A7 A A P i
QIR VIR (RN T FRALE 2GS
Hh A I R AR S R R e AR Y TE Y R
FR AL SRR 100 2308 1 5 () T S TR SO 1l L]
BEA R ERAE FOR S 3 3 934, 4838 532 B BF TR
KA @25 B L FC Tl RO A5 3 T B &
P2, PUTHR A 22 Bl $2 8 T 24.40 15 F1 13.89 1,
RIFMEA2 73 5 E) 58 m F1 60 m,

3) N KRB ALK 7 IR EU A B S T
TE [ Bl E R FIK ) s BB B L, HAT 5 WA
IR 3 B RCR A R AR, 2 SR SRR B
S B R A B AR & AR, Dy AR T 4641 FUIOG
HRAL T RORME A

4)EWT — PR R ML X JERS
BN T 2B T 288 e I 2 R 45 77 T
JETFRABISE A 56 35 10 N B FLK T IR R T
W RO FR . BARTTIT R R 3w . OF
ORHER /NG B REAL AR A 4 R R T
G ;@I TN SN K ) 2 2 R B HEH R
WS @I T B ALK g 20 T DX e it 2% 1
M L XS TT TR T 58 s @R A ALK Ty R R i
TOTENESE, A5 KB LAT B S st 73 Belal
Pt RS Z RIERSHAAHT T ; O KA ALK
T3 2BV 35 S o3 A VAT 9, e ol e o0 B T 2
PUEZF IR AL S IE e LR IF 5T ; ©F BN ERG KA
FLArBOK IR RBAR K T 5E; DI T fLAR IS
B R T ML A AR TR A IR B R K
B ALK I R R B B AT

22 3R ( References)

(1] WER X & B FRERD BRSO KA AR B
BB )] MBI, 2015,43(2) :1-4.
SHEN Baohong, LIU Jianzhong, LEI Yi. Present status and
prospects of coalbed methane development and utilization
technology of coal mine area in China[ J]. Coal Science and Tech-
nology, 2015,43(2) . 1-4.

[2] 5k @h,sk BE,EACHT, S o [ I 8 T2 A BAR A5 4 JR R
W[ ] HBRALE R 2010,25(4) :343-349
ZHANG Hong,ZHANG Qun,CAO Daiyong,et al.Status and devel-
opment strategy of coal geology in China[J]. Advances in Earth
Science, 2010,25(4) :343-349.

(3] # e EEFFRACR IS SRS U R EARIE R ()],
B, 2009,34(1) :5-12
YUAN Liang.Theory of pressure—relieved gas extraction and tech-
nique system of integrated coal production and gas extraction[ J].
Journal of China Coal Society, 2009, 34(1) .5-12.

(4] WHRCEJE A BEARA, S R ER S R e RS
TAELJ] BB, 2015,39(8) :1391-1397

301



2020 4F55 7 A

www.chinacaj.net

HEMFHA

548 4

[10]

[11]

[12]

[13]

[14]

302

XIE Heping, ZHOU Hongwei, XUE Dongjie, et al. Theory,
technology and engineering of simultaneous exploitation of coal and
gas in China[ J].Journal of China Coal Society, 2014, 39(8) .
1391-1397.
BB, D B ORGSR U R 4 R RO R KON
[ M]3 Bl2a H A, 2017:213-217.
BUOSCH, SREAZS B, A5 M N g 5 FLBR S T X E 1] 2K g R
SR DTTE [ 1] R BEBOR | 2018,46(12) : 151-157.
JIA Wenchao, ZHANG Mingjie, LIANG Ximing, et al. Study on
geostress and pore pressure affected to directional hydraulic fractu-
ring effect [ J]. Coal Science and Technology, 2018, 46 (12)
151-157.
SN AT TR LL, 55 2 )2 Al LR J i K O s 2Ry 58
FAR BRI FERKF2#4H], 2016,39(1) :72-78.
YUAN Zhigang, REN Meiqing, SHEN Yonghong, et al. Hydraulic
fracturing technology by drilling through strata for outburst preven-
tion in coal roadway stripes and its application [ J]. Journal of
Chongging University, 2016,39(1) :72-78.
LA, X, 8% 0 SUBURHIRE 2 K 07 s 2L RU T Kok
SRR AL T ). R % A TR, 2016,33(6) : 1160~
1164.
MA Yankun, LIU Zegong, CAI Feng.Characteristics of gas/water
distribution in steeply inclined low permeability coal seam induced
by hydraulic fracture[ J].Journal of Mining & Safety Engineering,
2016,33(6) :1160-1164.
X AR, X 30K L s L 1 5 SR T T B AR BT 5T
[T] AR EH A, 2019,47(3) :136-141.
LIU Dong, LIU Wen. Research on gas extraction technology: hy-
draulic stamping and hydro—fracture to pressure relief and permea-
bility improvement [ J ]. Coal Science and Technology, 2019, 47
(3):136-141.
gk IS R, G5 8 SIS B IRE M e K T 4
EVHEIG BRI ] R FR | 2019,47(4) :147-151.
ZHANG Shuai, LIU Zhiwei, HAN Chengqiang, et al.Study on coal
pressure relief and permeability increase through ultra—high pres-
sure hydraulic slotting in high outburst and low permeability coal
seam[ J]. Coal Science and Technology,2019,47(4) .147-151.
B )T, AR 4 ARIB IR K ) R RUEE AN
[J] 5 TR, 2016,48(1) :66-69.
LI Jingguo, DAI Guanglong, LI Qingming, et al.Application of hy-
draulic fracturing and permeability improvement technology for
low permeability coal seam[J]. Coal Engineering, 2016,48(1) .
66-69.
B2 W XUEE ) RERE UM L 1) 2 2K R A AL
BHAL)] MEHAER, 2016,41(1) :113-119.
CAI Feng, LIU Zegong.Simulation and experiment research on up-
ward cross—seams hydraulic fracturing in deep and low—permea-
bility coal seam [ J].Journal of China Coal Society, 2016, 41
(1):113-119.
TOREIRZ I KRR L R R HFSE[ D] A
A RBR AT B , 2014,
ZEME, S, MR KRG ST S T
FRSER[T]. % B2 2440, 2010,20(12) :73-78.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

LI Guogi, YE Qing, LI Jianxin, et al. Theoretical analysis and
practical study on reasonable water pressure of hydro—fracturing
technology[ J ]. China Safety Science Journal, 2010, 20(12):
73-78.

TR AP 2R B, AR R R T K R O LB
Lo BUHr R it T B RO E [ ], KRR THUERBL 2, 2014, 25
(5) :739-746.

WANG Zhirong, HAN Zhongyang, LI Shukai, et al.Mechanism of
water—fracturing—in—duced permeability increament of “ Three—
Soft” coal seam and construction parameters determination [ J].
Natural Gas Geoscience,2014, 25(5) :739-746.

Braltfle il £ 2R FE T H0R AR R R R I MR AU
IKAEZEME M A [ )] ERB 2R, 2018,46 (6) : 160-
166.

DUAN Jianhua, TANG Hongwei, WANG Yunhong. Detecion tech-
nology of hydraulic fracturing in coalbed methane well based on
microseismic and transient electromagnetic method[ J]. Coal Sci-
ence and Technology, 2018,46(6) :160—-166.
EMEEE 2 0 TRUE 5 ) 1 E 1) K ) RS R B R K
[J] 554, 2012,37(8) :1326-1331.

WANG Yaofeng, LI Yanzeng.The technology and application of
directional hydraulic penetration permeability improvement by
guided groove[ J].Journal of China Coal Society,2012,37(8) .
1326-1331.

X BRI TR FLIR A K I I REOR N HTFE [ ] M TR
2013,45(1) :40-42.

LIU Xiao. Study on application of repeated hydraulic fracturing
technology to borehole in underground mine [ J ]. Coal
Engineering, 2013,45(1) :40-42.

EOT RN AL K B oK 7 SR 2 RO 45 4 A Ak K
HITRRSE[ ] M40 4x, 2019,50(8) : 18-22.

WANG Ning, LI Shugang, DENG Zengshe. Microstructural
changes of pulsating hydraulic fracturing coal seam and Its engi-
neering practice[ J |. Safety in Coal Mines, 2019,50(8) :18-22.
gl B AME, AR S T ORI LR 2 W-S-W K
JITEZESEAL S BB AT IE ()] R 24, 2017,42(7)
1757-1764.

MA Haifeng, CHENG Zhiheng, ZHANG Kexue, et al.Intensive
permeability enhancement experiment through hydraulic fracturing
by way of water—sand—water in kilometer deep well with high gas
seam|[ J]. Journal of China Coal Society, 2017,42(7) :1757—
1764.

iOREEAES,E S RIRE R TR IR B R
FRZ AR R[] 22, 2018,43 (1) 2 150~
159.

ZHANG Qun,GE Chungui, LI Wei, et al.A new model and appli-
cation of coalbed methane high efficiency production from broken
soft and low permeable coal seam by roof strata—in horizontal well
and staged hydraulic fracture[ J]. Journal of China Coal Society,
2018,43(1) :150-159.

BB A AGEER)Z I T 2 Bod 20K A& [ 1] A
R R4 ,2012,34(11) :1235-1239.

YANG Hongwei.Underground segmentation point hydraulic fractu-



AR BT IR E 1 B LK ) R U e ke R R

www.chinacaj.net

2020 455 7 H

[23]

[24]

[25]

[26]

ring antireflection for low permeability coal seams|[ J].Journal of
University of Science and Technology Beijing, 2012,34 (11):
1235-1239.

B R, mART. R RS IR E R AL A BOUR REOR
WSS BRI I HERFLEHAR , 2018,46(11) :43-49.

LUO Wen, YANG Juncai, GAO Zhenyu.Research and application
of directional long — borehole staged hydraulic fracturing
technology for strong rock pressure in mine [ J]. Coal Science and
Technology, 2018,46(11) :43-49.

ThCAs 2RV BESCH. B2 0] 5 Bk O 28 53 2 1 Vi
FREBEFE[ 1] 5L HOR | 2019,47(5) :132-138.

MA Wenwei, LI Jiangtao, LIANG Wenxu. Experimental study and
application of directional subdivision hydraulic fracturing and per-
meability improvement device[ J]. Coal Science and Technology,
2019,47(5) :132-138.

2T R AOR R S 5 1) B BRI ST S 0 [ 9] BB
24K ,2018,46(11) :101-106.

LI Quanxin.Research and application of drilling technology com-
bined rotary with direction in soft —fragmentized coal seam[ J].
Coal Science and Technology, 2018,46(11) :101-106.

AR AR 2 R TR T XA R R R 4 i 5
FLI] MERFBLEHA,2018,46(4) : 1-6.

SHI Zhijun,LIU Jianlin, LI Quanxin.Developent and application
of drilling technique and equipment in coal mining area of China
[J]. Coal Science and Technology, 2018,46(4) ;1-6.

2R X RO S RIS L U2 B LI
HrdhoR B AR AT AT [T ] AR 305 5 #h 4R, 2019, 47 (6) - 32-
38.

LI Hong, LIU Mingju, HAO Guangsheng, et al. Technology feasi-
bility of gas drainage with comb—shaped long borehole in floor in-

stead of translayer borehole [ J]. Coal Geology & Exploration,

[28]

[29]

[30]

[31]

[32]

2019,47(6) :32-38.

T RVERELF OB, ARG R IO IR B AL T
PR B e St 3 [ 1] R BLEHOR, 2018,46(5) : 130 -
137,172.

FANG Jun, LI Quanxin, XU Chao, et al.Construction technology
and development tendency of gas drainage borehole in soft and
outburst seam[ J]. Coal Science and Technology, 2018,46(5) :
130-137,172.

FRELE: bR, BT, A5 L PRS0 X T s 35 40 A
FAAERFSEL )] MR L2, 2009,52(7) :1782-1792.
KANG Hongpu, LIN Jian, YAN Lixin, et al. Study on
characteristics of underground in-situ stress distribution in Shanxi
coal mining fields[ J]. Chinese Journal of Geophysics, 2009, 52
(7):1782-1792.

FRELE: AP, i i, A R T R o i 2 e b
T35 AL ()] BB, 2019,44(1) :23-33.

KANG Hongpu, YI Bingding, GAO Fuqiang, et al.Database and
characteristics of underground in — situ stress distribution in
Chinese coal mines[ J]. Journal of China Coal Society, 2019,44
(1):23-33.

o#b sk w0 e, S bR X R O FK O R
HeZ M RS [ J].5 1%, 2016,37(S2) :216-222.
MA Geng,ZHANG Fan,LIU Xiao,et al.Experimental study of im-
pact of crustal stress on fracture pressure and hydraulic fracture
[J]. Rock and Soil Mechanics, 2016,37(S2) :216-222.
TERGE MH,E BLREA A R %2 )RR
SEMAAFR AT )] A A T SRR A 2R i, 2017,30(3)
32-38.

WANG Junfeng, XIAO Yang, WANG Ming. Effect factors for layer
penetration fracturing of thin interbeds in Daniudi gas field [J].

Journal of Petrochemical Universities, 2017,30(3) :32-38.

303





