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Mine water inflow prediction based on superimposed Markov chain

— A case study in Chengzhuang coal mine
LI Jiarr lin*2,ZAN Ming jun', ZHENG Jr dong"?, LT Zht qiang'
(1. Institute of Resources & Environment, H enan Polytechnic University, Jiaozuo 454003, China; 2. Collaborative Innov ation
Center of Coalbed Methane and Shale Gas for Ceniral Plains Economic Region, H enan Province, Jiaozuo 454000, China)

Abstract: Superimposed Markov chain was proposed to predict mine water inflow quantitatively since the general Markov chain

has limitations.. Based on the water inflow data in the Chengzhuang coal mine from January 2008 to December 2013 (72

months) , water inflow status was classified, state transition matrix was calculated, the predicted values from different step ma

trixes were superimposed and averaged, and thus the superimposed Markov chain model was built and the fitting results were

analyzed. The water inflow data from January to April 2014 were predicted and compared with the observed data. The results

show ed that the model prediction accuracy is about 94.84%, so this new method can be used for mine w ater inflow prediction.

Key words: superimposed Markov chain; mine w ater inflow ; prediction model; status classification
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Fig. 1 Monthly mine water inflow curve inthe

Ch engzh uang coal mine
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Tab.1 Waterinflow status classification
PR I3 Gbr e 7K = X [6] (m3/ h)
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Tab.2 Monthly water inflow status division in the

Chengzhuang coal mine

NPTy 4 HORES || T 48 FOIRES || mhi/ 42 H RS | [N 45 HOIRES
2008-01 1 200907 2 201F01 2 2012-07 3
200802 2 200908 2 201F02 2 2012-08 4
200803 2 200909 2 201£03 2 2012209 5
200804 1 200910 3 201F04 2 2012-10 5
200805 2 200911 3 201F05 2 201211 4
200806 1 200912 3 201F06 2 201212 5
200807 2 201601 3 201£07 3 201301 4
2008-08 2 201602 3 201F08 3 201302 4
200809 3 201603 3 201F09 3 2013-03 4
200810 3 201604 2 201F10 5 2013-04 4
200811 3 201605 2 20111 5 201305 5
200812 3 201606 2 201F12 5 201306 5
2009-01 1 201607 2 201201 5 201307 5
2009-02 1 201608 2 201202 4 2013-08 5
2009-03 2 201609 2 201203 4 201309 4
2009-04 1 201610 3 201204 4 201310 4
2009- 05 1 201611 3 201205 4 201311 5
2009-06 2 201612 2 201206 4 201312 5
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Tab.3 Predicted water inflow results of the

Chengzhuang coal mine in January 2014

i 1)/ 4 1 R FK TG/ (m® + BY)
2013-09 4 4 460. 005 9
201310 4 3 450.254 2
201311 5 2 455.660 9
201312 5 4 465.398 3
2014-01 457.829 8
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Tab.4 Predicted water nflow results of the Chengzhuang coal mine

based on superimposed Markov chain
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Xf 2 4 TR AT DR PR 22 R LA R 2 i AT A 1, 45

5. 163 4% , W) -ty /R ABR R 1 T5000 K B 94 836 6% , Til
LT
33 itk

(1) BRI B AR e FH RS RS T4
PER A MEER, T5 2 KT WK B % R ET R, A SO
AT SR BFIBET S, SR T BRI SR 72 A K
R, AR A KEEARTT S 18 BB LT AR I RS
Tz, AT B R B BE M T IR K &0 A 04T
PEo BHE 13 A B N 5 SRR BN TG w5 4l B 7K
19 TR AE £ 2 90. 56% ~ & K RUOVRIFH %7 vk a7kl BBk
1 TUIRG P A 88, 942% , A SUNT ¥ 7K £ 1 LA B 2
94 836 6%, 1t W& I 5 /R BF AL Wik 21y KA I ) 7K S
J B AT T 1 2550 TR 0 Bl A 0

(2) tHEE 1 AT40, 2014 45 1 B PIR 25K, 0T s
R~ AR 2 7T LUE HOR 39 i J7 22638 R 2 0 2 X ),
Ff e PR B R b, I A AR 4 RUREE 5 ks
1.2 B RS HERAE 0 0,1 2013 4E 9 J] - 2013 4E 12 Y
KR TARAS 4 80 5, AT RSB, T 34 ) i
19 70 3% A2 8 T 384 K T, 3 A 459 BT 00 H 1 4 SR s Bl
I, WK SR BT 2014 4F & B 16 TR 28 LE 80K, 4R
1M 2014 45 1 (¥ SERR i /K B2 /T 28 AN i /K & #BIE,
MNIMASE % A TR 225 K. AH B 138 n 5 R RBHR B Fm
BAR R AR Re ), BTLUG 82 A T E A & %2 5
5 22 KUK A 0 T DAL 1) 5 1 o

(3) AT O JRAF I BETI I 45 TRy — X 8] R e i, —
Lo A ILHEAT T ok . RS B AU MR AR R
X 1992 4E— 1998 “EMH HiM/K 2 8 T K€ D /R B R Tl
BTN | 4k B WA 4% 5 o T AE ) 458 22 /N, TTAT PR, Ty g e
26181 1 B AN 2592 %F GM( 1, 1) BB HE 4T T AR 2= B IE, 4]
AT o 2R 0 R (6 T R RE SRR B TR AR 2R, 38 T A AR =
[T sK FE 1989 - 1993 4F 4% Vi1 AT 1 $30 00, A5 45 Tt
1B it S A 2 IR S DX TR P, B o T AR IR THO (RORS 5 22
A S D )11 967 B T e B K B AL TN B BT - UK
BECTRMBLAL, BEAS T PSR BERLPE, $2 0 T T YR ok
JEFF 1 A5 K BN B SR B B TN A AL S TRV R4
TR T 237, KA S Je8 B o B E e S T AR IRDIRES, 4
A5 e T2 N5 R RFIRE TN A 2L A 5T DL ) Sk
Jiid, st B IR B B AL AR G 1 — R o, e C AE R
73 LAFE 230 R, T 5 S AL

4

(1) B0 E R BER BE PN v i 1 JR B R BE TRTE s g
HRAR TR KBk, 7870 FURT 0 45 8, 15 TUl &5 R 5
IBA B, A It i KR R FUAts 7K SR SR S 4 £ — AR
Jrike

(2) X BRI MK B S HEAT T & S /KRR
TR, FC TGRS BEILE) T 94 836 6%, Ui JVERAL T
IRBIIRHE ) H B HE S, S T TGS .

(References) :
(1] s, 0 DA, AT 55, 45, SN SRR il AK P S ] .

KILKEFIR < 411 ¢



%13 % S5 78 - MAAHEE KA FL - 20154 6 A

[5]

FKACE 5K AR, 2013, 11(2) : 58-61. (PENG H uf cai, XU
Wer dong, FU Qing, et al. Research on prediction of water irr
flow in Lvtang coal mine of Guizhou Province[ J]. Southrto
North Water Transfers and Water Science & Technology,
2013, 11(2): 58 61. (in Chinese))
AR, A WA, WIS IR SROK N ik S N[ ] . R L
K224, 2014, 33(5): 596 594. (LI Jiar lin, ZAN Ming- jun,
HE Le. Application on methods for distinguishing sources of
mine water invasion[ J]. Journal of Henan Polytechnic U niver
sity, 2014, 33(5) : 596 594. (in Chinese) )
FLEUER, RS IR, VRBE IR oK ST VR SRR [T . A
¢, 2009, 29( 1) : 76 73. (DU Mir ming, DENG Ying er, XU Mo.
Review of methodology for prediction of wateryield of mine[ J]. Ac
ta Geologica Sinia, 2009,29( 1): 70-73. (in Chinese))
WRIT 0, A2 R, AL DTS, 07 K R TR P81 16 R/ S 23 #T0]
W22 42, 2003, 34(5): 38 40. (CHEN Jiang feng, CUT Jing I
ang, DU Ming qing. R/ S analy sis of mine discharge time series
[J].Safety in Coal Mines, 2003, 34(5) : 38 40. (in Chinese))
AN, MR, T, A BT (0 R SR RS A () 42 3
HETIM ], PEBA Aok K2E IR, 2008,39( 1): 6972. ( YU Xing
jie, CHANG Jiarr xia, HUANG Qiang, et al. Prediction of rumr
off based on grey markov model[ J]. Journal of Shenyang Agrr
cultural U niversity, 2008, 39( 1) : 69-72. (in Chinese))
HRCIL, 2, BRIESE. Bk — T R AR Sy R BT
[J1. % E Ak, 2012, 21( 12): 105 107. (U Yuar jiang, LU O
Hong, LIAN Fa xian. A prediction of water inflow in the Xinji
No. 1 coal mine with markov chain[ J]. China Mining Mage
zine, 2012, 21(12): 105 107. (in Chinese))
PR M, 2Rl 5T, T K St AR (0 IR R R AE SR T AR
TR KA T30 P (g 2 P D) 7 RS04 9T 2, 2013, 33(4) = 73
77.(GAO Baco bin, LI Hur gui, YU Shur jun. Application of an
im proved grey Markov model in prediction of water inflow from
coal face[ J]. M ining Research & Development, 2013, 33( 4):
73-77. (in Chinese))
B, VR TE, IEE. SE Y (8 B R R R AL AR AR G TR o
R AU, Sl AR K H 2B 244, 2012, 33(2): 3942, (MA
Jiarr gin, XU Long-bin, SHI Kun. The application of the inr
proved grey markov model in runoff prediction[ J]. Journal of
North China Institute of Water Conservancy and Hydroelectric

Power, 2012, 33(2) : 39 42. (in Chinese) )

412 » KX KEIR

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

BEHE, TSR, BRI B NI IR BRI BEAE AR WA RO P () R
[J]. % BAR L B2 2012, 40( 9): 55325533, ( LIAO Jie, HU
Hao ran, Chen Gong. T he application of superimposed mark ov
chain for prediction of annual precipitation[ J]. Journal of Anhui
Agri. Sci, 2012, 40(9) : 5532 5533. (in Chinese))
RER, RIW FET 5 N IR AR BE 1 AGE B Bk R 2 BT
[J]. HMAKA, 2013 (11): 29-31. (ZHU Yrliang, ZHU Yur
bo. Assessment of the Precipitation of Yongji county based on
the superimposed markov chain method[ J]. Jilin Water Re
sources, 2013(11): 29-31. (in Chinese))
AP, BEHLRER [ M ], 28 TR K S AR AL, 2008: 4243,
(LIU Crhua. Stochastic Processes| M]. Huazhong U niversity
of Science and Technology Press, 2008: 4243. (in Chinese) )
sy, BEME. T EERN M GM (1, n)y B/RERKR BEBTAL Y
RV LTI T 1 KA 57K FURLE, 2014, 12( 1) : 145
148. (ZH ANG Showr ping, FAN Ke wei. Prediction of dam de
formation based on self adaptive MGM-markov model [ J].
Soutlrto North Water Transfers and Water Sdence & Technology ,
2014,12( 1) : 145 148. (in Chinese))
R FE TR 1 Bl 1 38—y IR B BT B K N H
[J]. 7K %95 5 K TR 2% 3R, 2013(1): 185 188. ( QIN Song.
Markov prediction model and its application based on the
weighted sliding average[J]. Journal of WATER Resources
& Water Engineering, 2013( 1) : 185 188. (in Chinese) )
PR, W SCT . A AR AT L DAL A R T v i
[J]. RE TREE Y 2k, 1999, 19(10): 8993. (FENG Yao
long, HAN Werr xiu. The application of weighted markov chain to
the prediction of river runoff state[J]. Systems Engineering Theo
ry and Practice, 1999, 19 10): 83 93. (in Chinese))
BRSUE, R, SO, S IR ACR IR B IR A R R
FREIL J]. 4 2 3], 2000, 25( 1): 7+75. ( QIAN Jia zhong,
ZHU Xueyu, WU Jiarfeng, et al. Grey markov model for
predicting mine discharge[ J]. Journal of China Coal Society,
2000, 25(1): 7F 75. (in Chinese) )
JAF5 -, B, 303, S RO L 2B R BRI ASE A AR T
SRR T R N ] 7P AKRDK L, 2006 (1) 2 2931,
(ZHOU Xiu ping, HUANG Wer jun, WANG Werr sheng, et
al. Application of fuzzy markov chain model in ruir off predic
tion for guijiang basin[ J]. GX Water Resources & Hydropower
Engineering, 2006( 1): 29-31. (in Chinese))



