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Characteristics of shallow coal measure gas reservoir and key technologies of
exploration and development in Yaojie mining area

DU Xinfeng', YUAN Chongliang®, WANG Zhengxi', WANG Junde®, LI Shibing?,
LIU Jingdan®, HE Xiuging”, ZHANG Tianguo’, SHAN Yuanwei', FANG Jiawei'
(1. Xi’an Research Institute Co. Ltd., China Coal Technology and Engineering Group Corp., Xi’an 710077, China;
2. Yaojie Coal and Power Group Co. Ltd., Lanzhou 730080, China)

Abstract: The exploration and development of coal measures gas can not only effectively improve the single well
production of coalbed methane in coal mining areas, reduce the waste of resources, but also alleviate the energy
crisis in China, reduce coal mine gas accidents, protect the atmospheric environment, and contribute to the realiza-
tion of carbon peak and carbon neutralization. Based on the shallow coal measure gas development demonstration
project in the third mining area of Haishiwan mine field, the characteristics of coal measure gas reservoirs in Yaojie
mining area are analyzed, and the key technologies for coal-measure gas exploration and development are dis-
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cussed. The research showed that coal measure gas in the mine field is mainly present in the oil shale and oil sand-
stone of the fourth rock group(Joyj*) of the Jurassic Yaojie Formation coal system, and the oil A layer and the sec-
ond coal layer of the second group(J,yj°). The gas content of oil layer A and second coal layer increases with the
increase of burial depth; The CO, concentration in oil layer A and second coal layer is higher, and decreases with
the increase of burial depth; The second coal layer has a strong adsorption capacity, and the oil layer A is easier to
desorb; Oil sandstone permeability> oil layer A permeability> second coal layer permeability> oil shale permeabil-
ity; Compressive strength, tensile strength, elastic modulus, Poisson’s ratio and brittleness index show that the dif-
ficulty of reformation of them in descending order_is oil sandstone, oil layer A, oil shale, and coal second layer;
The organic matter abundance of oil shale is 4.06%, and kerogen type is II,-III. The abundance of organic matter in
the oil layer A is 43.27%, and the degree of metamorphism is polarized. The saprolite vitrinite reflectance is
0.48%-0.53%, and the humic coal vitrinite reflectance is 0.89%-0.97%. The abundance of organic matter in the
second layer of coal is 92.87%, including vitrinite 67.90%, inertinite 29.10%, exinite 3.5%, the degree of meta-
morphism is mainly fat coal with a small amount of gas fat coal; Compared with most low pressured formations in
China, the reservoir pressure of each producing layer is normal and the gas production potential is great; The sec-
ond coal layer o, the oil layer A and the oil shale should be optimized in the development of coal measure gas. The
fracturing technology of multiple clusters, flow-limiting perforating technology and fine sand filtration loss, ball
drop temporary plugging, two large and one low(large displacement, large sand volume, low sand ratio) fracturing
technology are suitable for the reservoir transformation of the ultra-thick and tight formation in this area, and the
pump hanging position is lower than the two-layer perforating section of coal and the gravity spiral gas anchor
drainage process can reduce the effect of CO, and improve the drainage efficiency. The application of these key
technologies has significantly improved the gas production effect of the mine field demonstration project. The daily

gas production of a single well exceeds 2 000 m®

Keywords: coal measure gas; reservoir characteristics; exploration and development; Yaojie mining area; Jurassic
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Table 1 Test results of gas content and gas composition of the gas-producing layers in Haishiwan mine field
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=1 =
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P 7.24 8.33 2.69 3.1 38.20 42.03 17.73 2.04
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Table 2 Test results of laminated mercury injection experiments of different gas-producing layers
= HERER/ (m>g")  BFLAE/(cm®g™) A7 FLAR /nm X1 FLAE /mm LB /% BEH/107 um?

MDA 0.288 0.036 1 005.600 675.515 8.557 0.203
WA 3.486 0.011 24.310 12.440 2.811 0.026
i AJZE 9.185 0.028 24.610 12.160 4.685 0.049
)2 18.973 0.049 16.120 10.130 5.967 0.033
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Table 3 Mechanical parameters of different gas-producing

layers
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Table 4 Test results of vitrinite reflectance of oil layer A
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J&§ IR iR 0.39~0.65/0.50(18 0.051
A 21 8 (15
JES AR 0.78~1.11/0.97(6) 0.092
J& e i 0.48~0.65/0.53(9 0.037
i A 22 - ®
JES A 0.89~1.00/0.94(3) 0.038
J& IR iR 0.40~0.63/0.48(13 0.054
A 23 - (13)

JEAE 0.75~1.10/0.89(7) 0.108
1 e 0.39~0.65/0.50(18)F 7R e/ I~ AR IEL (50

M RGN E B 81.40%~99.20% , F 1Y
92.87%, H 55 BT AR FR 3851 67.9% , 4 B 2H 29.1%,
FEIA 3.50%. B GTE 0.89%~1.02%, T3
0.96%, ¢ FFERE LIRSS £, A /DS,
2.6 fEEREHRMINA

K AR EXT HSWO1-2V A3 v
JZF1 HSWO06-3V JE1yl A EFEE 2347001, 31
WAEZ T . Mo T3 2803k 5). a5 Ws, &7
EA# R E SR 0.93~1.10 MPa/hm, 5 3% E K&
RIEMZM L, 2R NIER . B 2HA KRN
16.10 MPa, M4 RSB 1.61 MPa/hm, A LIl 0T
AR, HOKF /N ERN K A JE R
JEJ7 15.36 MPa, f%¢% S8R 1.47 MPa/hm, AHLL
WMUCA . )R, HAREER S M.

3 RESFAREMMIE

T A VS IT B R R G AR (Jop)) SR D A A
TR TUA B R IR 47.03 m, FHJE 2555 m, AL
FREER R P A LR . P AL A A AL
RHIKR, BiERE, PURBRE . brhrssg . e
B A ERE B, TR Lr . B I S
2, HEWM LS = = B, KB,
By, HETR N EEALCREZE, B 0~59.28 m,



% 6 M AR BAY Kk ER R AR AT R BRI R R R - 63 -

x5 BEEMEENSHENSH

Table 5 Reservoir pressure and in-situ stress parameters of different gas-producing layers

= 21/ JE 6 FA £/ PG 0 A6 B/ I E Il I WiL: i 7]
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Table 6 Perforation data of 4 wells in Haishiwan project of phase [

B Hwr= )z =R TREE /m FEIRIR I /m SHLEEE /m AL BE /m
— 805.5~808.5
T -
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T ~
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HSWO04-1V
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PR 0 B R AN Ry, SRR SR S R S A
K 40~70 H(212~425 pm) . 20~40 H (425~850 um)

1 16~20 H (850~1 180 um)fr FibdH 45, H 40~
70 HA0mb F AR BE I8, TSR, AT
R R Y =i W= A1 IV =51 iy = % 5 = Y =3
B RCR, SRR AT N E, LIRS
WAL ERAENER . RS RES, T 16.6~
42.0 MPa, HEfF 8~11 m’/min, FH W 6.84%~
9.27%, b 52.49~112.40 m* (3 7).

x71 BAT—HA4OFEHSH

Table 7 Fracturing parameters of 4 wells in Haishiwan project of phase I

5 H A=)z WE T JE S /MPa il THERE/(m* min™")  SEHE /% Jneb i /m? JE 24 5t /m®

WA 20.4~27.1 8~11 9.27 79.06 1 346.74

HSWO01-2V mAJZE
B 19.5~27.6 8~11 9.27 87.33 1 745.59

P Sy

AR 22.1~25.9 8~9 9.00 56.80 956.61
HSW02-2V B

Py 20.3~28.2 8~9 9.08 70.96 1294.26

WA 22.5~26.3 9 6.86 52.49 1230.91
HSW04-1V B

JE— 2 24.7~42.0 8~10 6.84 112.40 2 419.00

AR 16.6~21.2 9 9.14 57.97 957.86
HSW06-3V B

pC S 20.9~25.5 8 7.20 83.05 1 635.80

5 ETE CO,REMBERSHREEAR

2 OBHFHHSWO01-2V, HSWO06-3 V)il 2% 5H
IR0 A JE T2 CO RTG53 1h 16.62%~

18.69%H1 30.02%~42.03%., CO, FMESES . i
EA K. mEXil A JREEET] 1052 MPa, R
40.64°C, T EEZET) 931 MPa, JiifE 43.5C. 7
JE77 5 MPa. IR 40°CH}, CO, BB A 20.35 m /1™,
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6 TEIREMR

AR DA VS I =R KRR AT T
B, T 14 OHCLKHFETR, &E
2021 47 A 31 H, 8 HIFHE < EHE 2 000 m?,
MRS HSSE 2 580 m®, BEEH TR E

24.5 77 m®, HRFEFE 1.1 MPa, J5l=S 0
BR. L HSWO02-2V Bl(Kl 6), 2021 4F 1 H 9 FF
WHER, 2 H4 HEEK, 2 H 11 HEE 1.9 MPa
WOEF=S, e H e 2 183 m?, BiH520.5 T m’,
HETEME 0.23 MPa, JFKIRE 2.62 MPa, J=5 & ¥
FEXE I,

HSW02-4D HAUEZR T2 IR 5.59 MPa
TR, IR ) HSW02-2V - Fl HSW02-3D 43
SIHEIIEFE 7.58 MPa Fll 6.91 MPa T4/,
FHIEHIE 5.59 MPa if H =< 815 m* (I 7), it nl
PIHES I A 2 sTEk s 800 mY/d., BN, KA
FEEESZHER AT HSWO1-2V JHl TUA 37 T
=l wE PR 377 m,
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Fig.6 Drainage production curves of well HSW02-2V(2021)
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Fig.7 Relationship curve between gas production and bottom
hole flow pressure of 3 wells
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