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Liquid carbon dioxide phase transition fracturing technology
applied to Jinjia Mine
WEI Shanyang' ,SUN Wei', MIAO Qing', SHI Kai’, LUO Bing’
(1. School of Mine, Guizhou University, Guiyang 550025, China;2. Jinjia Coal Mine, Guizhou Panjiang
Clean Coal Company Limited, Panxian 553536, China )

Abstract:In order to well apply the carbon dioxide fracturing technology to a low permeability, high gassy and strong outburst seam, an
outburst prevention and gas pre—drainage site test with the carbon dioxide phase transition fracturing was conducted in No.11224 gateway
and No. 212 cross—cut of Jinjia Mine. With the comparison on the gas pressure and content variation after the seam fractured, the differ-
ences of the carbon dioxide fracturing technology in between the borehole along the seam and borehole passed through strata were deter-
mined. The study results showed that a liquid carbon dioxide phase transition fracturing time was 2.0~2.5 hours and with several injec-
tions, the liquid carbon dioxide fracturing could improve the gas drainage effect. The application of the liquid carbon dioxide fracturing
technology could reduce the seam gas content by 6% ~12% on the in—situ basis and could reduce seam pressure by 9% ~12%. The liquid
carbon dioxide fracturing technology applied to the borehole effect passed through the strata better then the borehole along the seam, but
the law of the borehole passed through the strata was not stable than the borehole along the seam. The fracturing radius of the liquid carbon
dioxide fracturing technology was 6 m. In order to improve the fracturing effect, the borehole pattern with the overlapped fracturing could
be applied and thus the gas drainage effect of the borehole group could be improved. The comparison study could provide the effective basis
to the liquid carbon dioxide phase transition fracturing technology applied to the mine gas outburst and prevention.

Key words : carbon dioxide fracturing; expanded crack circle; gas flow; coal and gas outburst
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Fig.1 Diagram of fracturing device
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Fig.2 No.212 transport cross heading plan
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4 ARSI TR B B R LA B AR A, DAt
EHI T O B AL E L 8 R AL T % 2%, K
8 WL TEEAR 6 m AT ALIT R, )24 5 5748
TR e ke B2 LAY 3 B FLACR B 4T,
JEJZFL 1 5FE 0°F1 180° i dh >R FL Ak B R fef:, it
JZFL 2 S7E 180° ~ 315° i ik B R e 4, B2 AL 3
SIS 2 M 7E 0° ~ 1350 35 BIRCR ik
B =EmERAL S T 2 MEAEALE T
()21 B B FLBE R RO 2R FAE S MRS 14N
LB, ZE2FL 5 5B 6 m i R B N Al R AL
WA 2ZE AR K, (AAE RS 2EAL 12 m R AL 10,
11,12 5 BYRR ORI A, B 12 m AR
B IR TR X g A, BRI 4 U 2

P19 4y H IR FLFN 28 2 L ECINT 245 vk J3E B e )
Ak, M9 o, oF SR AL BT 3 A v B B R v
KA 4R LU AL R BOE 2 {RIZ LAY
AR A B R O K R TR & 27 kPa S5, U2
FLI B hig g2/ N F 2R 290, 118 2 S EE T
FUITIARRL 0, 28 2 FLHUZFL 2 1.3%

3.3 EHEERIEAITEE

HF 2 5 H R, FL R RE S B i 11.587 1

m’/t RS2 FOIT 0 1.172 MPa 7B M iR
98

- EE

2 *-EE T ,
LN Mz 3= T
S 208 . - FEFE I
4 [
K18 8 A
S \ . 4

B16F /A N : 15.6%
g4 \/\/\.
=12t

10 1 1 1 1 1 1 1 ]

21 22 23 24 25 26 27 28 29 30
J& F3/MPa

Ko EHrEFHREMENEAL

Fig.9 Gas concentration of main pipline

varies with the pressure

R e 2 LT 1 R EC T T, IR AR SR AL G dih
FRAEA G BN T & A TR S BRI R
Hr S i AT L

1A 4 D EERHLER A SR BT
A CO,BUHA S5 B2 B 45 7 = PL A i 26
R GG R B AR, BB & & 00 %2
7.654 3 .7.587 1.7.540 2 F117.496 2 m*/t, F54& (JEw™
USRI AT HE ) 8 hR 8 m’/t, AH LU 2 RO
B DA S 11.587 1 m’/t, 8/0 T 35.31% ,33.94% |
34.529% 11 34.93% ; B G MR 45 LT & Bl &2
6.249 9 6.824 7 .6.109 9 1 6.501 7 m*/t, A L HEJ2
LR AR & B T 47.27% . 41.11% . 46.06% F
43.89% ; Z5A I BCIE A 10 W] 0, SR AR €O,
AR, AT e ORI Al D 6% ~ 12% , HAE %
EAL P R BRSO A,

®1 BERMSRHSELL

Table 1 Comparison of residual gas content in

coal seam m’/t
e P2 s LG HR HEE
WA 5 R A TR E
FELS 5 11.587 1 7.654 3 6.824 7
IBZEAL 15 11.587 1 7.540 2 6.249 9
WZEAL 2 = 11.587 1 7.587 1 6.501 7
WZAL 3 = 11.587 1 7.496 2 6.109 9

2 450 4 D EERALTE R L G R BRI
A CO,BAMBARFHZ LI E MGk, %
FHA 48 4l >R 2 R 5, BT R 7 43 1 B & 0.560
0.541.0.522 F10.500 MPa, {5 & A FHIR A bR
PATHLE Y FEAR 0.74 MPa, Al HC 2 LI A0 SR8 &5
i 1.172 MPa, W/ T 52.22% .53.84% .55.46% Fl
57.34% ; 111 12 i/ INE AT T SRS 9 F6 4% BL
SRR 0.472 ,0.433 ,0.426 1 0.418 MPa, #H
FOIZ FCH R S B /b T 60.73% ,63.05% .63.65%
H164.33% ; 25 & S E 4l A K 10 AT %0, R i AS
CO, B A, AT e JFok At k> 9% ~ 12% , [F) #f



F g FHAE A CO, M BB E S AR 1 1L

2019 4F55 2

FE o 2L I BCRAICR AR
F2 BRERHENLL

Table 2 Gas pressure comparison of coal seam MPa
s 2R (RIS s
LI E S J5 LT T M
GRS 1.172 0.560 0.472
IRZEL 15 1.172 0.522 0.426
MZEAL 2 = 1.172 0.541 0.433
MUZAL 3 = 1.172 0.500 0.418

3.4 RS

M 3.2 Y BT AR RIS CO, MR BUEREOR
i EZF IR AL RCR 200 T2 AL, (HR 5 2 ALY
PSSR 2% | 1 2 AR X e S AR 2 LU Z FL R, 45
B 2 oA DR AT I AL R R S 1) E A
W 374, A FETURICA =, BERCRE T 52
AL, Z TR JZ IR0/, 20 2 F LS A
B, EURBSCRAUIUZ AL , B LRI R R 2=
S TOURE AR FLTE I A4 1, 2 (s 75 L ] R A B
W R R AR SE Ui Bl 1o FL SRR ) SR 4l I8 B At LA T
Hri e A A m i AZ | A it 20 J2= AL A il R S8R A
FIZAL, B2 2 AL P A SR BOF A IR A Z
Xt FHIRLE 52 SRS i A Bl KR H B AN AR E WL Bl B
r, 5 2R A U A A BE S B 2 IR AL A B 2
iR

4 45 it

1) — WA CO,MAEE T[]} 2.0~2.5 h, H.
TELZWIEATRA CO, B A A & FU M )
B

2) RFHWA CO,BRF AN 78 TR LA s/
JEZ O & /8 6% ~12% , W/ 12 FL T 1 9% ~
12% , 31 Hiz2 Fi#E 2 2 LR Z AL FIUZ 4L, (H 2
2 LB LA Q2 F LR E

3) A CO,BMAMBARMBA N 6~12 m, K
PE R BOACR , VR & IS A L7 =X, B KA
LR AR SOR

4) TZRIF T A BN b R LA B b AR Al X B &
TSR T, PTAXTIX 2 AR RAR G e 5%, XF
AR FE B A T A BRER T

2% L HK ( References) :

(1] ZE il MR, S T R LB S SR B a3 [ J]. #EH
HuBT S48 ,2010,38(1) :7-13.
LI Xijian, LIN Baiquan. Research status and analysis of coal and

gas outburst mechanism [ J]. Coal Geology and Exploration, 2010,

[2]

[3]

[4]

[5]

(6]

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

38 (1).7-13.
g  BRE P o [ B 5 U 2 1 LR B B i w5 L]
R 54 TR, 2007,24(3) :253-259.
FU Jianhua, CHENG Yuanping. Present situation of coal and gas
outburst in coal mines in China and its control measures [ J]. Jour-
nal of Mining and Safety Engineering,2007,24(3) :253-259.
PRI AP A & AR TUh R AR R TR ()] R
B 5% A TR, 2009,26(2) £ 127-139.
CHENG Yuanping, FU Jianhua, YU Qixiang. The development of
coal mine methane extraction technology in China [ J]. Chinese
Journal of Mining and Safety Engineering,2009,26 (2) :127-139.
S0 IRE ARG PR M SR [ 7] R 2 4, 2016,
41(1):1-6.
YUAN Liang.A strategic consideration of coal and gas co—mining
in China [J]. Journal of Coal Mining,2016,41 (1) ;1-6.
EE R ZE TR B 38 2 2 FUIT A R S R S A LA 50 [ 0]
HRHEF A ,2017,45(8) :170-176.
KUANG Tiejun. Study on gas — solid coupling mechanism of
methane extraction and recovery in deep low permeability coal
seam [ J]. Coal Science and Technology,2017,45 (8) :170-176.
B0 XD REMR B SEM)Z b 22K ) e R Ak 1
BHAR[T] MR ,2016,41(1) :113-119.
CAI Feng, LIU Zegong. Hydraulic fracturing enhancement
technology for deep low—permeability seam with upper penetration
layer [ J]. Journal of China Coal Society,2016,41 (1) :113-119.
ZEHERE]. AR K LB S R ORI TR S (D]
AT AR RS, 2017.
AR, T AR IR F LR I R A o 0 ) MR8 = s U
SRR B B e Rl P (1] 48 K S b ddr, 2014, 34
(2):145-152.
ZHAO Baoyou, WANG Haidong. Applicability of deep — hole
blasting technology in the penetration and outburst prevention of
high gassy coal seam with low gas permeability [ J].Explosion and
Impact,2014,34 (2) :145-152.
Palmer 1. Permeability changes in coal ; analytical modeling[ J].
Int J Coal Geol,2009,77:119-126.
Palmer I. Coalbed methane completions:a world view[ J]. Int J
Coal Geol 2010,82.:184-195.
NI R AR B AR TR AL TR I E R B ROR [T
HERFLEH A ,2015,43(2) :80-83.
HUO Zhonggang. A new technology for coal seam enhancement by
deep — hole pre — splitting blasting of carbon dioxide cracking
device [J]. Coal science and Technology,2015,43 (2) :80-83.
VI RS AR RRE AR B SE 2 AL A T BT SOR
W[ D] AEAE TR B TR, 2014,
TRFEAT. AR BB KA 22 A 7= rp i 1 T
[ D] A5 BEBBLA T LB, 2017.
PN ARIBIE)Z CO, Tl 204 35 1w 20 R0 30 4 R D 2 0% o
[J] DAL R ,2017,45(1) :100-105.
SUN Wenzhong. The principle and application of high efficiency
gas extraction with pre —splitting in low permeability coal seam
[J]. Coal Science and Technology,2017,45 (1) :100-105.
BT AR BN B EOR I RE R Z TR
99



2019 4F55 2 HH

HEMFHA

AT 4

[19]

100

B[ J]JRBRERAR 2017,45(6) :67-72.

HE Chao.Gas control of low permeability coal seam based on deep
hole—splitting and penetrating technology of carbon dioxide [ J].
Coal Science and Technology,2017,45 (6) ;67-72.

FIRT, T R R FRAS CO, AR BRI Z 15
ARAFLITKWEFE[ I ], P e 4t = B4 R 2015, 11(9)
11-16.

WANG Zhaofeng, LI Haojun, CHEN Xi’ en, et al. Study on pore—
increasing technology of liquid — phase transformation — induced
fracture in coal seam [ J]. Safety production science and technol-
ogy in China,2015,11 (9) :11-16.

AL, WS EARRAR A S AU B ML T [ D] AR AE
FHLTR%,2014.

XU Youping, LIN Baiquan,ZHAI Cheng,et al.Study on gas flow
capillary model and migration equation in coal around drilling
[C]//2011 International Conference on Environmental Systems
Science and Engineering( ICESSE 2011). Dalian: Intelligent In-
formation Technology Application Association,2011.

F4EE X R LA TR R P R L L R R
SEHAE NI BRI T [ 1] B 56241, 2016, 41 (2) 1414~
423.

WANG Weizhong, LIU Dong, XU Jiang, et al.Experimental study
on the influence of borehole position on coal seam parameter evo-

lution in gas extraction process [ J]. Journal of Coal Mining,

[20]

[21]

[22]

(23]

[24]

[25]

2016,41 (2) :414-423.
FHE. ITFEE RS2 1 2 FOR S5 T A A T 5 R
MU S AR ST [ D] FE K . B PR K2, 2016.
LIU He, WANG Feng,ZHANG Jing, et al.Fracturing with carbon
dioxide; Application status and development trend[ J].Petroleum
Exploration and Development,2014,41(4) :513-519.

DU Yukun, WANG Ruihe, NI Hongjian, et al. Determination of
rock—breakingperformance of high—pressure supercritical carbon
dioxide jet [ J J. 2012, 24
(4) :554-560.

SATYA Harpalani, CHEN Guoliang. Estimation of changes in

Journal of Hydrodynamics,

fracture porosity of coal with gas emission[ J]. Fuel, 1995, 74
(10) :1491-1498.

B BRI, E e R ARG S R FLBR S5 5 T
BRI 5 (0] BB BEE R 2018, 46 (3) 1 103 -
107,24.

HU Biao, CHENG Yuanping, WANG Liang. Study on pore struc-
ture and gas diffusion characteristics of primary structure coal and
tectonic coal [ J]. Coal Science and Technology,2018,46 (3) .
103-107,24.

LANGMUIR 1. The adsorption of gases on plane surfaces of glass,
mica and platinum [ J ]. Journal of the American Chemical

Society, 1918 ,40:1361-1403.



