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Abstract: In order to better realize the safe and efficient coordinated development of coal and CBM resources in high gassy mining areas,
the four regions (planning region, preparation region, production region and coal mined-out region) linkage ground-underground com-
bined drainage mode (new Jincheng mode) and a series of technical systems of CBM in the whole mining area, all stratum layer and all
time were innovatively developed. Relying on the “Thirteen Five - Year Plan” national major science and technology projects to continue
to tackle key problems, closely combining with the actual production of key coal mining areas in Shanxi Province. This new mode up-
graded from the “three regions linkage” three-dimensional extraction mode of CBM developed during the “Eleventh Five-Year” and the
“Twelfth Five-Year” Plan and it had been widely used in key coal mining areas of Shanxi Province and achieved good results. The ground
pre-drainage technology of CBM in the planning area mainly used vertical wells, directional wells, horizontal wells and other technologies
in the early stage. But now it had developed into a well factory intensive development mode and technology dominated by multi-fractured
horizontal well. After 15 years of ground pre-drainage, the average reduction of No.3 coal seam in East Fifth Panel of Sihe Mine of
Jinneng Holding Group had reached 55%. The No.5310 and No.5311 working faces in this panel had successfully completed safe and effi-
cient coal mining, realizing low gas mining in high gas content coal seam. The ground-underground combined drainage technology of
CBM in the preparation region made full use of the advantages of the greatly increased permeability in the fracturing affected area and the
increased production pressure difference of underground open space drainage. Which formed a three-dimensional drainage network, im-
proved the drainage efficiency, effectively alleviated the tension in the replacement of mining, and promoted high production and effi-
ciency.Based on the characteristics of intense mining activities in the production area and full opening of underground projects, directional
drilling rigs were used to accurately complete regional progressive seam drilling, through hole drilling, and high directional long borehole,
and accurately and evenly extract the CBM in the production region. This effectively solved the problems of uncontrollable conventional
drilling trajectory, easy to form blind areas for drainage, and poor drainage effect, and realized the accurate standard of underground drain-
age in the production region, ensuring no risk.In view of the problems such as unclear occurrence law of CBM resources in the coal mined-
out region, difficulty in resource assessment, and lack of safe drilling and mining technology, the calculation method of CBM resources in
the coal mined-out region was created. And a series of technologies for ground drilling and mining in coal mined-out region were de-
veloped. 129 wells had been demonstrated and promoted in Shanxi key coal mine areas such as Jincheng, Xishan, Yangquan, etc., 128 mil-
lion cubic meters of CBM had been pumped and utilized, and 1.92 million tons of carbon dioxide had been reduced.The success of the
“four region linkage’ ground-underground combined drainage mode and a series of technical systems in key coal mining areas of Shanxi
had effectively achieved the triple effect of CBM “reducing greenhouse gas emissions, ensuring coal mine safety production, and supple-
menting green gas energy”. Which provided strong support for China’s CBM production to increase from 2.58 billion cubic meters in 2006
to 19.17 billion cubic meters in 2020. At the same time, it also provided an effective guarantee for the deepening of coal mining depth year
by year in key coal mining areas of Shanxi Province, the increasingly complex mine production conditions, the continuous reduction of the
number of production mines, and the steady growth of the total coal output.

Key words: coal mining area; coalbed methane; four region linkage; planning region; preparation region; production region; coal

mined-out region
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FOREL ALY

o R0
JE (wfmin b ) BRI 1%
TERKH RSO JEEKH K

CZYC-07 0.015 0.0090 72 56 28.6
CZYC-08 0.036 0.0270 83 68 22.1
CZYC-09  0.220 0.0126 89 75 18.7
CZYC-10  0.026 0.0120 77 45 71.1
CZYC-11 0.021 — 82 — —




2022 4F55 12 4

#EHFHAK

5550 4

—
(=]
—_
(=3
(=}

= 490
g 8 180 &
. 170 &
& OF 160 &
= 150 [
4 &
8 140 %
= 2f — My 130 =
= — TR E 120

0 40 80 120 160 200 240 28010

R A /d

B12 ERREHFT TR LA &S

Fig.12 Gas extraction data of underground kilometer drilling in

fracturing area

30 000

25000

20 000

/m?

fg 15000
r
.10 000

5000

0 200 400 600 800 1 000
SR 1Al /d

B 13 24307 TAET % 4 3K H 0k 348

Fig.13 Drainage datas of multi-branch horizontal well in No.
24307 working face

FRENTE S RIZIAF T TR SIS, s g
BEAURE HE ST 8 X I 2L . 2228590 =
B R FLAE, RS T R AR A2 S, A RU#
YT H A FLGE AT . ZIE AR B X flR Ak
QL EMER, SEPR T A R X IR T SR IR bR, AR
T o [RIBF, B Az 77 DXL 8 fR FC 3T R R nl R,
SR ML “L” BT A = X2 S TR
231 R R X T 6 KAEFUAF I i dh RER

Xof b VT SRR AE A P 5 o BT 5 ) 9 CEC
FET0) AN Y e R, A I R K IIRE [ B AL,
IR LB R A BU T f e SR
TRRIRS) 18 BRI SR AR ST R Al A A T, 2 4
T A E BRI DX i 2 1) B LR 1 25 il
FHOR, 5w ERC G, X B SR ST 4
DX NG M o, 8 EIR, BRI S BRI H A2 B0
Wrdr i, PR AR, LR AR H X, W
El 14 Fis

ZHARERIE K- SF SR I R
Tt T2 17 B FL 220 J7 m, BANEEFLIC EE 355 400 m,
ALFIRE] 70%, WG T R AFA B2 SRR .

W REE OB R | KTt T R TR R Al

22

EEX FHFE AL R

B 14 T K R m KU RS R
Fig.14 Progressive directional long borehole precise balanced

extraction in underground coal mine

LB Y4t R & 2.7 77 m/d, % 3h X U R Rk
70.8%, PRFE T TAEmE = 2.8 J1 t/do AN, I TFIX
S S 22 KBS FLRS R4 iR B AR L g
PR AR B T ARG B HET DL
232 RXHRW\E L BAREEAK

150 LT IR 7 X, 32 SR Sl 1R 520, AR 52 A
LRI 2 R LIRS B B DR TAE f S 1 v,
FR R 2 e 10 LR AR, v I Kok B
KB . FETTURR 4B S0 A T R B4R “L7 KP4l
FL, AT Hb T TURRAICR, IR B A Y H Y, SEE
o AR TR 7 AR T B PO SRR B R, an sl 1S
B

B1s “L” AAPHEREA
Fig.15 L-type horizontal well extraction technology

SR 3313 TAEM “L” BUIKFBR T 800 m,
e G HALARIE 377 mm, CAREE Y “L” RIHAE T A
IEH P2 R H AR a3k 1,15 7 m/d, Sk
3.2 07 m’, HBEuk B f ik 96% (P 16), M [RIR T A
T e S8R P PR T A R
233 F TR BILE w1 4E5LEE “UILRA” H K

FE T TR 5 037 5 ) B FL AR 2R 4T BU T4t SR st )
FHASTE N, 2 TAR T RUER Z 00, LA M DT
FLANIE TN . SRS, R B AR 00 1 B a0
FEARGEAT 1 ARG Uk S AL, 38 1 X SN A LG Y
SIS A I e RO B A o, (R L A TR I LR
JE RZS X “O7 TR IR A I, JFIR e, e



2

o}

A BT AU IS HF BRI SRR S BRI R

2022 4F55 12 #8

LU, AP LA BRSO LB, SRS
A A b T AL, B R ALBLY
TE “O” JE Bl BT N AE A, Bl AL ] RO RR E A7 AE
i FL AT A T 1] SR SR s 0 P AR B F) T 228 B 3
i, iR AR R FUA, TS 1 AR TR 3l
DSR2 DX LT R, AN AT 17 B

40

HR A=/ (m? + min™)
- = 0N W W
w o W [ W S w

(=

2015-07-20 F

2015-12-26 |
2016-01- 17— — ]

2015-09-03=~Z

Sols.10.0n [T
2015-10-30 |

2015-11-20

HH
— LAJF — 14 5 TKkmfifl — 14 Slmhifl
— 15 Sl — 16 5 HE s AL
B 16 SHI4-L-01 # 4 = %3
Fig.16 Production data of SH14-L-01 well

17 TDURELE WL AR T &

Fig.17 High level directional drilling gas extraction schematic

diagram of roof

R TRR B LR “RAFLACAHE” BoRTESF
T FBED AT 1, 8 TR R 34241 m,
SEFLERIAR] 418 m, $2 5 TR AL HERCR 1Y [F]
I T H T FCHT AR BCR
24 REXRHESRBTAER

e E YR 2B I T I, Ras K EFR I
TR E T RGBT as i), R EES Zad K
WITFR, Rezs KR BK, PR G R 5% B ok | 43T
ANALRIEZ | TR & SR A2 TR e K
BRI 2 AR TR 1] SR 25 X FR RO A wep o SR s
XIS IR AT | DE R A, R | SRS

X B JROMEE | BRI S | 2 AR EOR Bk
ZAERORMER, T T UG R

1) SRz O ESRE AL i o IRHEA R R
LT R BT 25 AT 1) R 28 X J2 SR TR RN A7
Femi, A REXIER . HBEATF . BUKEF
SR ER, QIS TR KBRS

3 o) ST SR A DX AR LB RRURI 35 A A A A
T, 52 FARBUE RIS BRI ER B R S SR S
FNERIL S22 GE U, SRR 25 DO R R IR R 4

G=G,+G,+G (5)
X G, WIRAEW R, m’; G, MR R
i, m’; G AR A A, m’,

2) B RS IXHI TR R B o BT X R25 X HiLZ
FAE. 4B B RE L BRI I B 254 th — Tk
ARy =T, ZIFIEE A 2 RS KZE, =P
AFIGEEEEE(E] 18), 1ERZ SN AT X,
F RS A T2, AU e s 5z <R
SAGERAY BT, TSR FE R AR R Y b
FE L PRUESL I A

g

R —TFEE
HAREY

— IR
FKE

ES IR

H18 REXEEAHHGEMTE
Fig.18 Sketch of CBM well in coal mined-out area

K19 My X=R o4 AEERR

Fig.19 Distributed purification system for coal mined-out area

23



2022 4F55 12 4

% % A F H K 55 50 %

VB 50 R A XA R A AR R Pl
PH SR A5 1L VY HE S X8 T 129 HIHERRYaiE)
SR A B2 1.28 12 m?, M4 T A AR
HE 192 77 t, B ROHBE T D H T oRas X U U 1
PR AR, SN T R IR, IR EE IR
2 X Z ST R T /RFE(E 19, & 20) .

B 20 MREEHE AR RSR

Fig.20 Direct combustion heating system for low

concentration CBM

3 & it

-l

1) 07X 2207, RBES XRZS DX
GRAN X, A DX, A= X SRZE KO BB I R ER
A R AR G i =) BB A & T R AR &R
FEAE LG R X AS 2 T RV A, SEB
T RAFR . B TR 2SR5 P
U8, SCEL TR ST R A = FE DDAk, B R 3R
PRI e IR L T R S

2) JEEA B X EZ S A R B AR E R B
SEMIIE ACEIEHAR, KRB DL B2
FFHH T EATF A SHA, & HAEN
Hb T A, REAR SRR ALK 3 SR 2T
VIR R 55%, %48k XY 5310, 5311 T AR CIH) 58
A R ORI, SEBL T v B 2 IR ECIT TR

3) i KRS B PSR B AR 70 F
TR IR [X 9835 F AT B K SR AU T i A 1R
SR Az 7 P 22 B RN 3, KA BT ST AR X 285, 42
TR S ICRBCR, AR T I R e R
B R HE T AL

4) BT A= KRG SR ZURIE T T AR 2 FF L
K7 AT, 32 FH A 1B MRS 1 52 B DX el 2 2022 B AL
FEIREN L R R B AL AR, A I AR T AR T
WERR, A RURD T H A FLEE AR T 4%, 578 i

24

KX, IR 2 SR, S T AR O T R
K Esbr, BT E—K .

5) X R R s X2 IR A R AR
GRS R ME | SR2s X MBR & TR O MR | AR
Tk | 2 i R B AR = AN, 37 TR X
RS 0k, B T SR 2 X M T 4l
KZRINEA, CAETE. P9 P2 PG S
XSERL T 129 FIHMRSE e, SR A A2
128 42 m?, MRS TFuHE SRR 192 J7 t.

2% X ik (References):

(1] Bkt [R50 22t JRy ik T v I iy KR-H 4 AT e R
B g FHLEE A% [EB/OL].[2022-07-05] http://www.gov.cn/xin-
wen/2019-08/14/content_5421261.htm.

[2] BkEZ. RIS 5 0. b EEZES, 2006,
3(4): 14-16.

ZHANG Suian, Theory and practice of integrated coal mining and
gas extraction [J]. China Coalbed Methane, 2006, 3(4): 14-16.

[3] BRAEME. B XOBZ LRSI &5 R AR R (7). B
iR, 2009, 37(7): 5-8.

CHEN Zhisheng. Discussion on problems existing in comprehens-
ive development and utilization of Coal Bed Methane in coal min-
ing area[J]. Coal Science and Technology, 2009, 37(7): 5-8.

(4] & B PR, . B XKRZ S SR AR
BT W0 IR, 2012, 17(3): 1-4.

Lei Yi, Shen Baohong, Liu Jianzhong. Initial discussion of coal-
bed methane and coal coordination mining mode[J]. Coal mining
Technology, 2012, 17(3): 1-4.

[5] wgez, X, & B FREES K2 A HEAR IR

LB (7). BERBFAAR, 2015, 43(2): 1-4.
SHEN Baohong, LIU Jianzhong, LEI Yi. Present status and pro-
spect of coalbed methane development and utilization technology
of coal mine area in China[J]. Coal Science and Technology, 2015,
43(2): 1-4.

[6] k. S BRURIF BRI TR & 2P 0],
MG 42, 2015, 46(12): 174-178.

ZHANG Xuechao. Evaluation of underground gas extraction safety
based on coordinative development of coal and coalbed
methane [J]. Safety in Coal Mines, 2015, 46(12): 174—178.

(7] AR ED X = KBS LR AR B A B 78528 (1]
R4z, 2011, 36(8): 1312-1316.

WU Huatai. Study and practice on technology of three-zones link-
age 3D coalbed methane drainage in coal mining area[J]. Journal
of China Coal Society, 2011, 36(8): 1312—-1316.

(8] ZERw, faf i, X M, S5, B DO = XIS AR 3
AR ] BERPAR, 2012, 40(10): 7-11.
LI Guofu, HE Hui, LIU Gang, ef al. Three region linkage three-di-
mensional gas drainage theory and mode of coal bed methane in
coal mining area[J]. Coal Science and Technology, 2012, 40(10):
7-11.

(9] ZEEE, 2= P, IR, 5 00 KR 2R = KIS AR


http://www.gov.cn/xinwen/2019-08/14/content_5421261.htm
http://www.gov.cn/xinwen/2019-08/14/content_5421261.htm
http://www.gov.cn/xinwen/2019-08/14/content_5421261.htm
https://doi.org/10.13199/j.cst.2009.07.10.chenzhsh.027
https://doi.org/10.13199/j.cst.2009.07.10.chenzhsh.027
https://doi.org/10.13199/j.cst.2009.07.10.chenzhsh.027
https://doi.org/10.3969/j.issn.1006-6225.2012.03.001
https://doi.org/10.3969/j.issn.1006-6225.2012.03.001
https://doi.org/10.3969/j.issn.1006-6225.2012.03.001
https://doi.org/10.13199/j.cnki.cst.2015.02.001
https://doi.org/10.13199/j.cnki.cst.2015.02.001
https://doi.org/10.13347/j.cnki.mkaq.2015.12.050
https://doi.org/10.13347/j.cnki.mkaq.2015.12.050
https://doi.org/10.13225/j.cnki.jccs.2011.08.022
https://doi.org/10.13225/j.cnki.jccs.2011.08.022
https://doi.org/10.13225/j.cnki.jccs.2011.08.022
https://doi.org/10.13199/j.cst.2012.10.13.ligf.008
https://doi.org/10.13199/j.cst.2012.10.13.ligf.008
http://www.gov.cn/xinwen/2019-08/14/content_5421261.htm
http://www.gov.cn/xinwen/2019-08/14/content_5421261.htm
http://www.gov.cn/xinwen/2019-08/14/content_5421261.htm
https://doi.org/10.13199/j.cst.2009.07.10.chenzhsh.027
https://doi.org/10.13199/j.cst.2009.07.10.chenzhsh.027
https://doi.org/10.13199/j.cst.2009.07.10.chenzhsh.027
https://doi.org/10.3969/j.issn.1006-6225.2012.03.001
https://doi.org/10.3969/j.issn.1006-6225.2012.03.001
https://doi.org/10.3969/j.issn.1006-6225.2012.03.001
https://doi.org/10.13199/j.cnki.cst.2015.02.001
https://doi.org/10.13199/j.cnki.cst.2015.02.001
https://doi.org/10.13347/j.cnki.mkaq.2015.12.050
https://doi.org/10.13347/j.cnki.mkaq.2015.12.050
https://doi.org/10.13225/j.cnki.jccs.2011.08.022
https://doi.org/10.13225/j.cnki.jccs.2011.08.022
https://doi.org/10.13225/j.cnki.jccs.2011.08.022
https://doi.org/10.13199/j.cst.2012.10.13.ligf.008
https://doi.org/10.13199/j.cst.2012.10.13.ligf.008

2 A MR DB U IR ST I B RS R A S BRI R

2022 4F55 12 #8

[10]

[11]

[12]

[13]

[14]

[15]

[16]

] PSR, 2014, 11(1):3-7.
LI Guofu, LI Bo, JIAO Haibin, et al. Three-region integrated CBM
stereo-extraction in Jincheng mining area[J]. China Coalbed
Methane, 2014, 11(1): 3-7.
IhEOR. B B2 S IRIT Z LRI OF 5 L], Rl 5K,
2014, 42(10): 62-65.
SUN lJinglai. Study on coordinative development mechanism of
coal and coalbed methane[J]. Coal Science and Technology,
2014, 42(10): 62-65.
WEA, K R R ORSEZRINEITRME RO
MUE BT (1], T 5EREAAR, 2016, 16(2): 123-127.
FAN Xisheng, ZHANG Lang, WANG Dong. Implication of the
coordinative mining of coal and coal-bed methane and a quantitat-
ive analysis of the key problems involved[J]. Journal of Safety
and Environment, 2016, 16(2): 123-127.
XUV, SR, B R, A R R A S e B R I R AR
SE I ] B4, 2017, 42(5): 1221-1229.
LIU Jianzhong, SHEN Chunming, LEI Yi. Coordinated develop-
ment mode and evaluation method of coalbed methane and coal in
coal mine area in China[J]. Journal of China Coal Society, 2017,
42(5):1221-1229.
XUETF, B A, 2R, 45 ST OB 5 82 UM R R
AT % (V] BB, 2020, 45(7): 2575-2589.
LIU Yanqing, ZHAO Can, LI Guofu, et al. Optimized decision
method of coordinated development mode of coal and coalbed
methane in Jincheng mining area[J]. Journal of China Coal Soci-
ety, 2020, 45(7): 2575-2589.
A, R AR TR R PUIr 98 Hh e T o i B LB
G L] 5L, 2010, 38(10): 13-16.
LI Xijian, XU Mingzhi. Statistics and analysis of domestic coal
and gas outburst accidents in recent years and prevention meas-
ures [J]. Mining & Processing Equipment, 2010, 38(10): 13-16.
[E 24" 111 %2 Wi J7) [OL]. https://www.chinacoal-safety.gov.cn/xw/
mkaqjcxw/202101/t20210108_376767.shtml.
FE R W22 0GR, BAMES FUrg i an i (M. bt - Hse
Tolk iRk, 2019.

[17]

[18]

[20]

[21]

XUULrh, PN, B R A BT DORR ST R R AT B R B
R B e (1], JEpe1, 2020, 45(1): 258-267.

LIU Jianzhong, SUN Haitao, LEI Yi, et al. Current situation and
development trend of coalbed methane development and utiliza-
tion technology in coal mine area[J]. Journal of China Coal Soci-
ety, 2020, 45(1): 258-267.

ERE, AEP, MFLE, 5. B2 R T ELAh
SRR V], BEHFFHAR, 2015, 43(2): 100-103.
WANG Baoyu, BAI Jianping, HAO Chunsheng, et al. Effect ana-
lysis on fracturing of coalbed methane surface well and long dis-
tance bore-hole gas drainage technology in underground mine [J].
Coal Science and Technology, 2015, 43(2): 100-103.

MR 3L, HE 4, R A:, 45 IR SO b R R R R AL
R REABIIE V], BHRAHAR, 2019, 47(8): 142-146.
CHEN Zhaoying, HAO Haijin, HAO Chunsheng, et al. Study on
combined extraction technology of underground long borehole
and CBM ground-well fracturing[J]. Coal Science and Techno-
logy, 2019, 47(8): 142-146.

oose. b B PRBIR IR AR I I A A ) X
LI R, 2021, 46(1): 16-24.

YUAN Liang, YANG Ke. Further discussion on the scientific
problems and countermeasures in the utilization of abandoned
mines [J]. Journal of China Coal Society, 2021, 46(1): 16-24.

d A, 2R, KR, 5. F T KRR 2 KRR
M THISRATF S (] BB AR, 2022, 50(1): 204-211.
MENG Zhaoping, LI Guofu, TIAN Yongdong, et al. Research
progress on surface drainage of coalbed methanein abandoned
mine gobs of Jincheng mining arealJ]. Coal Science and Techno-
logy, 2022, 50(1): 204-211.

WA, BEEE, T, SRS X R KRR
iy T Al SR O B L R AIF 5 (7). BE Bl 2 R, 2021, 49(1):
240-247.

MENG Zhaoping, LI Guofu, YANG Yu, ef al. Study on key tech-
nology for surface extraction of coalbed methane in coal mine
goaf from Sihe Wells Area, Jincheng[J]. Coal Science and Tech-
nology, 2021, 49(1): 240-247.

25


https://doi.org/10.3969/j.issn.1672-3074.2014.01.001
https://doi.org/10.3969/j.issn.1672-3074.2014.01.001
https://doi.org/10.3969/j.issn.1672-3074.2014.01.001
https://doi.org/10.13199/j.cnki.cst.2014.10.015
https://doi.org/10.13199/j.cnki.cst.2014.10.015
https://doi.org/10.13637/j.issn.1009-6094.2016.02.025
https://doi.org/10.13637/j.issn.1009-6094.2016.02.025
https://doi.org/10.13637/j.issn.1009-6094.2016.02.025
https://doi.org/10.16816/j.cnki.ksjx.2010.10.004
https://doi.org/10.16816/j.cnki.ksjx.2010.10.004
https://www.chinacoal-safety.gov.cn/xw/mkaqjcxw/202101/t20210108_376767.shtml
https://www.chinacoal-safety.gov.cn/xw/mkaqjcxw/202101/t20210108_376767.shtml
https://doi.org/10.13225/j.cnki.jccs.YG19.1757
https://doi.org/10.13225/j.cnki.jccs.YG19.1757
https://doi.org/10.13225/j.cnki.jccs.YG19.1757
https://doi.org/10.13225/j.cnki.jccs.YG19.1757
https://doi.org/10.13199/j.cnki.cst.2015.02.023
https://doi.org/10.13199/j.cnki.cst.2015.02.023
https://doi.org/10.13199/j.cnki.cst.2019.08.018
https://doi.org/10.13199/j.cnki.cst.2019.08.018
https://doi.org/10.13199/j.cnki.cst.2019.08.018
https://doi.org/10.13199/j.cnki.cst.2019.08.018
https://doi.org/10.13225/j.cnki.jccs.yg20.1966
https://doi.org/10.13225/j.cnki.jccs.yg20.1966
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201020
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201020
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201020
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201020
https://doi.org/10.13199/j.cnki.cst.2021.01.020
https://doi.org/10.13199/j.cnki.cst.2021.01.020
https://doi.org/10.13199/j.cnki.cst.2021.01.020
https://doi.org/10.13199/j.cnki.cst.2021.01.020
https://doi.org/10.3969/j.issn.1672-3074.2014.01.001
https://doi.org/10.3969/j.issn.1672-3074.2014.01.001
https://doi.org/10.3969/j.issn.1672-3074.2014.01.001
https://doi.org/10.13199/j.cnki.cst.2014.10.015
https://doi.org/10.13199/j.cnki.cst.2014.10.015
https://doi.org/10.13637/j.issn.1009-6094.2016.02.025
https://doi.org/10.13637/j.issn.1009-6094.2016.02.025
https://doi.org/10.13637/j.issn.1009-6094.2016.02.025
https://doi.org/10.16816/j.cnki.ksjx.2010.10.004
https://doi.org/10.16816/j.cnki.ksjx.2010.10.004
https://www.chinacoal-safety.gov.cn/xw/mkaqjcxw/202101/t20210108_376767.shtml
https://www.chinacoal-safety.gov.cn/xw/mkaqjcxw/202101/t20210108_376767.shtml
https://doi.org/10.13225/j.cnki.jccs.YG19.1757
https://doi.org/10.13225/j.cnki.jccs.YG19.1757
https://doi.org/10.13225/j.cnki.jccs.YG19.1757
https://doi.org/10.13225/j.cnki.jccs.YG19.1757
https://doi.org/10.13199/j.cnki.cst.2015.02.023
https://doi.org/10.13199/j.cnki.cst.2015.02.023
https://doi.org/10.13199/j.cnki.cst.2019.08.018
https://doi.org/10.13199/j.cnki.cst.2019.08.018
https://doi.org/10.13199/j.cnki.cst.2019.08.018
https://doi.org/10.13199/j.cnki.cst.2019.08.018
https://doi.org/10.13225/j.cnki.jccs.yg20.1966
https://doi.org/10.13225/j.cnki.jccs.yg20.1966
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201020
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201020
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201020
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201020
https://doi.org/10.13199/j.cnki.cst.2021.01.020
https://doi.org/10.13199/j.cnki.cst.2021.01.020
https://doi.org/10.13199/j.cnki.cst.2021.01.020
https://doi.org/10.13199/j.cnki.cst.2021.01.020
https://doi.org/10.3969/j.issn.1672-3074.2014.01.001
https://doi.org/10.3969/j.issn.1672-3074.2014.01.001
https://doi.org/10.3969/j.issn.1672-3074.2014.01.001
https://doi.org/10.13199/j.cnki.cst.2014.10.015
https://doi.org/10.13199/j.cnki.cst.2014.10.015
https://doi.org/10.13637/j.issn.1009-6094.2016.02.025
https://doi.org/10.13637/j.issn.1009-6094.2016.02.025
https://doi.org/10.13637/j.issn.1009-6094.2016.02.025
https://doi.org/10.16816/j.cnki.ksjx.2010.10.004
https://doi.org/10.16816/j.cnki.ksjx.2010.10.004
https://www.chinacoal-safety.gov.cn/xw/mkaqjcxw/202101/t20210108_376767.shtml
https://www.chinacoal-safety.gov.cn/xw/mkaqjcxw/202101/t20210108_376767.shtml
https://doi.org/10.13225/j.cnki.jccs.YG19.1757
https://doi.org/10.13225/j.cnki.jccs.YG19.1757
https://doi.org/10.13225/j.cnki.jccs.YG19.1757
https://doi.org/10.13225/j.cnki.jccs.YG19.1757
https://doi.org/10.13199/j.cnki.cst.2015.02.023
https://doi.org/10.13199/j.cnki.cst.2015.02.023
https://doi.org/10.13199/j.cnki.cst.2019.08.018
https://doi.org/10.13199/j.cnki.cst.2019.08.018
https://doi.org/10.13199/j.cnki.cst.2019.08.018
https://doi.org/10.13199/j.cnki.cst.2019.08.018
https://doi.org/10.13225/j.cnki.jccs.yg20.1966
https://doi.org/10.13225/j.cnki.jccs.yg20.1966
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201020
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201020
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201020
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201020
https://doi.org/10.13199/j.cnki.cst.2021.01.020
https://doi.org/10.13199/j.cnki.cst.2021.01.020
https://doi.org/10.13199/j.cnki.cst.2021.01.020
https://doi.org/10.13199/j.cnki.cst.2021.01.020

	0 引　　言
	1 煤矿区煤层气“四区联动”井上下联合抽采模式理论基础
	1.1 “四区联动”井上下联合抽采模式内涵
	1.2 “四区”转换临界指标
	1.3 “四区联动”井上下联合抽采技术体系
	1.4 “四区”动态演化过程

	2 煤矿区煤层气“四区联动”井上下联合抽采技术体系及应用
	2.1 规划区地面预抽技术体系
	2.2 准备区井上下联合抽采技术体系
	2.3 生产区精准抽采技术体系
	2.3.1 井下区域递进式定向长钻孔精准均衡抽采技术
	2.3.2 采动区地面“L”型井抽采技术
	2.3.3 井下顶板高位定向钻孔群“以孔代巷”技术

	2.4 采空区地面钻采技术体系

	3 结　　论
	参考文献

