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Abstract: Abundant deep coal-rock gas in the Ordos Basin boasts enormous potential for exploration and development.
The geological characteristics of deep coal-rock gas exhibit substantial regional changes, and reservoir simulation tests
under various process conditions have revealed notable differences in the productivity of coal-rock gas wells. This study
aims to investigate the main factors controlling the coal-rock gas productivity of horizontal wells. Using the dynamic and
static data from deep coal-rock gas in the pilot test area and employing the analytical approach of geology-engineering
integration, we depict the geological features of coals in detail and thoroughly assess the production indices of producing
wells. Furthermore, geological and engineering assessments are carried out using methods such as Pearson correlation
analysis, hierarchical clustering, and machine learning. The results indicate that under similar regional geological
features such as coal structure and thermal maturity, coal thickness and gas-bearing property, two geological factors,

significantly affect the productivity of coal-rock gas wells. Meanwhile, the total length of coals encountered during
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drilling (L), total drill-in liquid volume (W), proppant volume (S), and proppant intensity (Sq) among engineering
factors exhibit positive correlations with the productivity of coal-rock gas wells. Notably, engineering factors show more
pronounced correlations with the first-year daily gas production compared to geological factors, and the composite geology-
engineering factors display more significant correlations than individual factors. Increasing well-controlled drainage
volume and stimulated reservoir volume (SRV) contributes to the high productivity of coal-rock gas wells. Assuming target
coal thicknesses measuring 6 ~ 10 m and an average proppant intensity of 5. 5 t/m, a lateral length of 1 000 ~ 1 500 m is
required to achieve a single-well estimated ultimate recovery (EUR) of 5 000 x 10* m®. A new method for predicting the
single-well productivity of deep coal-rock gas, based on geological and engineering parameters, is developed using
intelligent algorithms such as deep neural networks, support vector machines (SVMs) , and random forest models. This
method achieves a coincidence rate of up to 91 % according to blind well verification with 22 wells involved.

Key words: machine learning, geological characteristics, productivity prediction, horizontal well development, deep
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Fig. 1

Map showing the study area locations in the eastern and central Ordos Basin
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Fig. 2 Developmental characteristics of the No. 8 coal seam structure in the Ordos Basin
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Fig. 3 Developmental characteristics of storage spaces in the No. 8 coal seam of the Benxi Formation, eastern and central Ordos Basin
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Fig. 5 Production stage division for deep coal-rock gas horizontal

wells in the eastern and central Ordos Basin
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x1 BREGAMWERBMAZEARESKEFTEMR-TERSER
Table 1 Detailed major geological and engineering factors for coal-rock gas horizontal wells in the Benxi Formation, eastern

Ordos Basin

e NIH S5H M3H YIH J26H N2H M2H TIIH N3H DIH MSH ZTIH T7H MIH Q35H N4H MI25H
KFBKE/Mm 1500 1066 1506 1650 1240 1037 2222 1550 1040 876 1562 1408 1314 1023 638 1130 350
FBMAKEm 760 974 1466 1591 1240 849 2222 1489 664 455 1216 1238 1239 906 552 1046 273

Jeb it m? 2020 2460 4170 5722 4393 3760 7520 6250 2763 2200 3980 6570 6100 3400 911 2070 1260
ISR/ (ym) 2.9 3.5 43 52 53 58 59 60 62 64 69 69 70 55 21 3.4 66
Hef/(m¥min) - 9~15 18~24 10~12 12~18 14~18 10~18 17~22 18~20 14~20 15~18 17~21 18~22 18~22 16~18 6~9 4~13 9~14

MR/ 36642 17210 28 435 41708 34052 30 144 43701 33085 21770 19475 23 400 35594 38897 22103 5165 15646 8346

HA/m 3221 2358 2582 3211 3101 3163 2379 2645 3258 2376 2721 2351 2425 3137 2819 3177 2848
MAEEm 65 53 7.0 62 1.2 58 93 95 60 64 85 51 102 49 75 6.5 13.5

JA o= o#  o# 1A I8 oA 1A I# I#A oA 1% oA o# I8 I8 & [1#
HAE/(mP ) 150 21,0 23.0 19.0 18.6 15.5 22.0 17.0 17.0 21.5 22.0 21.0 23.5 150 23.1 14.5 19.0
SEHIME%  32.3 242 60.5 61.8 59.1 45.7 41.1 57.2 32.7 71.8 57.8 31.3 65.8 40 49.7 36.6 40.3

&1 25 1.07 0.79 0.87 1.07 1.03 1.05 0.79 0.8 1.09 0.79 0.91 0.78 0.81 0.79 0.94 1.06 0.95

FEZBE R M- RER B2 TR R, TR aRA )™ AR ™ i G i

5 AR H TR AR O W] AT D 3R (3R 25 [ R T 2R s T - AR R R A KO I
1) i Fe ke 7RSS ARZACF I od B P AL TR BEAGEETIAE T B AN RIKF IR 1 4R B Ul b
SR NI AR B 2 EURATHR A KBS BEIEAT SR 73, 70 3 T Pk

2) B EUR FHOREAEH S EMEKEUR, /s SRR s

U EUR AR B RO ERE RS E K AR F R TR EUR
IR OAbE. EBRAE AT SRR B ARG 13). B, fES s
W SEO T T ORI TR 2 TR K L A A B IR B
EURMReHE, 2R BEE N Acit B 0T AL OSSR  b  , S:90 F
AL B B RO S AR T 2 5T I B A e e 05 , T 52 B M B 0
MU BURMCHE ] B (6 F Al AL K iR KB bR
B TR (633 1 12) b5 WL 2 P 22 ,

AL AN R R o D r ORERAR
Sk, AP TR ST TR B T UK 22 4348 RS AR SR L T
B BB ORI TR R B IR R A Bt Xt 46— T BB B8 2 AT 0T 00, e

®2 BREGEMP FPREREESKEATEAZMEZREEFATSENEEHEXEE

Table 2 Linear correlation coefficients between various influential factors and the first-year daily gas production for coal-rock

gas horizontal wells in the eastern and central Ordos Basin

S KB s nebas bR HERy T TR BERREE  SAREY FEARW E7
J = m m . "
= K /m K /m m’ (t/m) (m*/min) - m (m/t) {H/% E243
MEREB(R?)  0.5348 0.7512 0.6822 0.0393 0.1940 0.6218 0.002 8 0.023 1 0. 006 3 0.1975 0.001 6
RAEF 4 1 2 7 6 3 10 8 9 5 11

#3 SBREFAMP FHBRBEESKEHTARMERZSLF EUR ML EHRXEE
Table 3 Linear correlation coefficients between different influential factors and single-well EUR for horizontal wells in the

eastern and central Ordos Basin

Wi KPR MM MR B HR L MAEE e PR RS
. . N s . EEE/m? EEE/m N ;
e K JF/m KJE/m m (t/m) (m*/min) m (m’/t) {8/% ES0

MXZEB(R)  0.6420 0.7089  0.8229 0.1635 0.3463  0.5925 0.1130 0.0410 0.0458 0.0637 -0.1194
RAEF 3 2 1 6 5 4 7 10 9 8 11
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Table 4 Linear correlation coefficients between different composite geology-engineering factors and production indices for coal-

rock gas horizontal wells in the eastern and central Ordos Basin

T AT AR H PR A A 5 54F EUR M1
PSR AR R MR AR RAHEF
O x S R B 0.6529 4 0.6300 4
QI K x AR x &< 0.6327 5 0.597 8 5
QI KT x SRR > b ik 0.6420 3 0.6306 3
OFBIEARE x BEATEE < Iy iR & 0.728 6 1 0.7155 1
OETMIEF I x AR x & x JIAb 5 0.659 6 2 0.6740 2
@FEFIEF I x PR x /8 x Jiib i 0.5817 7 0.5975 6
OEBIREARE < BEERE x &0 < Bl 0. 606 2 6 0.570 8 7
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Table 5 Prediction schemes for the productivity of coal-rock gas horizontal wells
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