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Effect of crustal stress on hydraulic fracturing in coalbed methane wells
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Abstract ; The crustal stress and mechanics properties data from No. 3 coal seam in the western Jincheng mining area
were analyzed. With a finite-element method ,the formation fracture pressure at borehole walls and natural fracture tips
under different conditions of crustal stress was calculated. The effect of crustal stress on initiation pressure and azimuth
was calculated. Initiation pressure and azimuth are related with the magnitude and direction of crustal stress. The influ-
ence degree of the angle between a natural fracture and the maximum horizontal principal stress on fracture pressure
increases with increasing principal stress difference coefficient. In No. 3 coal seam in the western Jincheng mining are-
a,hydraulic main fractures are easy to occur when the coefficient exceeds 0. 84, net-like fractures are easy to occur
when the coefficient is less than 0. 47 ,and initiation azimuth is related with natural fracture distribution when the coef-
ficient is between 0. 47 and 0. 84. In difference areas,the coefficient used to analyze the initiation azimuth is differ-
ence.
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Table 1 The data of curstal stresses

M) A o/ MPa oy/MPa K,
I 2 10 4.00
I 4 10 1.50
1 6 10 0.67
v 8 10 0.25
A 10 10 0
Vi 10 12 0.20
I 10 14 0.40
VI 10 16 0. 60
X 10 18 0.80




LR

FEAREAE  HuI H XPRER K T RS K B 67

2 HEREERIMR S HHE

EiIELUE (FRA2 0.1 m) | SRR HL R )
(R BEPIR A B B IR 5 | b 17 0 A - 5 B S 5
Aii o HT IR I g 1 SRy BRI Bl , il Fme KK F2 0
FIH I S ) S AR 3R, die /K R
BRI

Bl 2 FoR i/ VK ER A E 1 (a) RS AC,
BD 534 B 2 a] LU Y ) 46 R i LS
TIRINTCR S5/ N E I i B8 AR AC . BD TEHR O
SO T m AR N ) KN 1 ) B A iy
S G 2 R A28 10 %, Chen Zhongming' ™
AR g 4R 9 — O i 5 R RIR AR Y
RS,

20,

£ IX

S 16} Vil

g VI

12} VI

;Tj v

3+ gL v

® I

= 4t il

I |
0 , .
0.1 1.0 C 100
4 ACHE AR /m

L207

o X

216 VI

g VI

212 VI

fHHj \%

8 v

® il

= 4t il

=4 |
0 . ,
0.1 1.0 D 10.0

B BDEG 2R /m

K2 VKSF R T AC BD B AR
Fig. 2 Minimum horizontal principal stress distribution

along AC and BD path

3 REEREAN

3.1 MAKEHERENIZNG

G NAE S uE s R ] i N AA IR e

C, SEM 29 0 R 2B AR Y 10 A% R0 M2 1 )
E’J%%ﬁ%lﬁlﬂixTi&EEﬁiWEﬁ

AR SE 2 BE , AN B IBSLBE I 26 0F R,
JRARZRE ) 4T FLBE R AL 5 N 3 4R i B
Pusksm Bz (X(2)) . xﬁﬁﬁﬁﬁﬁﬁ%i‘?ﬁﬁxlﬁli&ﬂj
NEMT (R D) HZRGEMETT . IWEEAE IR
ﬁﬁﬁjﬁﬁ@*ﬂﬁ’ﬂﬁﬁ@,kfig%%/\ﬂﬁﬁﬁ( &3), H
B A AE A DI, 3 A B ) BAT —E 1Y
PR R S, U] 2K F2 0 ) 28 A ORI (K, >2) , i

T IR 2 N T 5 R sl 7E R BEAL n] L™ A2 R
T U BT TR SRV ST AT EESNINR s 3 )= Bl
B3RS T TRT RFIE T AR 2% (1 28

[ . B
s 20T ine

-5 0 5 10 15 20 25
(3o,-0w)/MPa
K3 BEHENS30, -0, RAR

Fig. 3 Relationship between initiation pressure and 307, - o7y

3.2 RAREMWRENHIZN
R Ff (CRE IR 5 B30T ) 77 725 Ff Bl A B K
IRPE , RARBBEAAMUE A HUK R BERRAT, k%
17 BT 87 7 B /IR T T S i e B4 2R B 11
YT, R 2 WRMARSTNAT R RRREES
e RAKP- 20 S35 61 0 24 0 .30 45,60 90° I, 7E A ]
HO T ST 2 R T
x2 BEEWMAENEE
Table 2 Fracture pressure data of coal MPa
Hb i FHREAL KR LS 2% T
N WRIE) o0 30° 45° 60° 90°

1 -3.77 2.18 1.85 3.39

I 2.20 4.44 4.33 5.49 7.36 11.21
I 8.18 6.70 6.72 7.56 8.80 11.21
v 14. 15 8.96 9.12 9.60 10.26 11.21
\ 20. 03 11.22 11.03 11.21 11.21 11. 21
Vi 18.02 11.22 11.03 11.84 12.49 13.47
VI 15.98 11.22 11.03  12.18 13.43 15.73
VIl 13.93 11.22 11.03  12.60 14.31 17.99
X 11.89 11.22 11.03  12.93 15.17 20. 25

FH T KSR 4 X6t i 1 g ) SRR e s, i 2 e 24 e
NAFEZIFA TR AR B, 0 [EHAR, X
R 3 SRR R, P 4 AR TRI LR 77 4%
P FREZE SIS/ 0 A1k, 0<30°/E, X 4
FIE AR /N 1 54 7 FH $5e /KT MR, 3 KN
FBTRLR P, 0>300 1), A R LB J1 S5 44

AR R PN TE: - DN ER v 3 NN
ERSR S AL Op- AT Y N I i AR -2 G
S 0 iR 4 T (R 5% i BT FH R RE R i R 8L K, (G
IR ) o, 1 SR
K, :p(:90 ~ Peo

Peao
L, po i 0=90° B B R 15 p a0 K 6= 30° BT



F 1#® 2011 445 36 %

a1l Il &IV -V
20 VI -+-VIl -Vl -+-IX -

4 WREJIRETE A 0 ARk
Fig. 4 The change curves of fracture pressure with 6
K5 R T MW 15515 KGR, Bl K 3SR
K ZePERE A Ui BH Bifi 75 7K~ 320 7 2536 K, e ff1 0 %
HJZ L 7 () ne FE B 3K

201
y=1.019x-0.005
1.6 Rr=1
1.2¢
3
0.8}
0.4+
0 04 0.8 1.2 1.6

K,
K5 K5KMER
Fig. 5 Relationship between K and K,

4 REBRFMN

A5 TR R A ) R4 8l , K ) ek
(R SRTT 6 B KPR SRR AR DR SE  fe W) AE I BEAL
PR AR NI AR IEAR | I AR TE T R
KRR T1 05 T I — 4 85, Yew! ™ Ay 244
AR 1) A AE T 3 5 X, /b T 17 T 2 v Y 52 )
T HEBR TR RRF I, PRt , %o 2R 48 ke 224 07 o7 i) BIF 5
¥ IPSESIRE] e

B IR oy, W5 GRS ) SRR o,
TR AR A . 50 T A9 SN e ik A2 1
FART BT 30 T 3 A1, A8 oy, T 060 D 1] 22 00K 23
fii o, WG RO AR I A o ol T 0 ) L Rz A
OI AL, T2 AE I BEAL 2L, oK 0 ) 22
/N T DUE BSR4 2 2 R

A 280 TR, A fa] X Im] DB IR 2% 1
AE . — 7 A2 H B8] L 1 B R B2 5 O% — 7 T
P TR J2 BT DX Il 2% ol Al AT 9 R IR 544, K
SREETLE T A2 AR R R 207, ml LU
3 PC AR [ L0, g 2% 1 BE AR BT ) 5 R AR
AR BN R T BRI RN RATF T K IR 4 RS
BT LRI

HRE A Je IR L i BB 3 T ) B dI L3R 2,
HAXE RN AT IR R ) 22 BB K, (TR R,
7E LA

K = Pa —Pa
pcl

Hrr p o HIFREAN R T 5 p ., R SR S 4 2 o 1 24
FEJy. 24 K, <0 B} 7K ) 28I RIR M5 ¥
K, >0 I, 7ESRE L H fe/ N K 0 7 e 2

K 6(a) R AR HLZ NN 26T K 128461
Ol BB K 34K KK Jef 0 AlF)L, K BE K, 7%
LA, AT R— I 0 A7 — A Im oK
RN ZERBK,, M K, >K B K, >05Y K, <K,
i, K <0, Jeffi 05 K, EXEER(E6(b)), ko
K Ko IXTEOE 080N

5

o0
4l e FEM30°
aJEfH45°
3 edfmeoe
Mol o kAMo0°
1.
0_
q
-1 . . . .
0 0.4 0.8 1.2 1.6
Ky
a
»y (a)
0.9t
0.8}
s 0.7
%
0.6
0.5 ¥=-0.3438 In x +2.009 4
0l R=0.998
03 1 1 1 1 1 ]
15 30 45 60 75 90
0/(°)
(b)

K6 K, KK, .0HXER
Fig. 6 Relationships between K, and K, ,between K, and 6

FAT XVUER 3 5 MR 0 ) SR T 2k
FiA AT, Ky (80N, B ALIE I TE 0. 47 ~ 0. 84 (&
6(b)) . K,>0.84 I, XN FAFJff 6 19 K, >0, K
IRBLLE L T SR ) R T BERL T T 7K ) 5%
NG U RIRFBEIEN | 5y TS BEAL 1Y 2 1 e/ VK
- F2 0 BT LRSI IEAR 7 AR BONF ELK ) EE
B8, M K MK, Je A o X b2 i S i 52 e R
JEBOR (18] 5) , R, K BR824 5 P B Y
K L, K, <0.47 B 00T AR 6 19 K, <0,
KIR P 4 il ST 1/ VT BE R BT T, 7K Ty 3
BEAS Dy 1R 45 AU IR ) R AR 48 IR I RAR B 4e P
', P R ZEEE . K TE 0. 47 ~0. 84 B, K T 3445k
BTG RIRBEEN R T RB A A K



LR

JE AR A MU )RR K ) R R R T 69

ZHLK, o BATRNS P, AN [ DX B ) g 26 AN
7, Ky K/NFZEAGIE LA [R] (B T DR S, AR 3
X, AR GE— 10 K fEL, (ELHBR g X iE 807 (02 1y 52
Wi i) 3 i KF 2 N 2256 AE N B S e BN Y-

ELRK ) 4%  TEARK T BN 22 40, A8 1) AR
PR e
5 45 it

(1) N H R KK R ST oy, W B [0)

IR, B/ N E RS o, W BT SR HORIR
fii o N T35 FR RIS IR 29 0 HEREAR Y 10 4%

(2) RIRHEE S JOKF TN 19 6 (AR,
X BRI T B RE E AN TR] . 0<30° I, X 22
AISZIEAR /N 5 0>30° ), R T B 0 RS R ok,
WK P F2 0 ) 22 R B0 K 38R, Ay 6 of i 2 1 2R
FIBIRZ M RR BERT R

(3) RIRZLERIAFAERL WK ) R EE )R 270
A LU A OB BE AL 5 IR SR 2R 4 4 v BN 4 T 1 R
KWK T 4R RETT A

(4) 7K1 2888 25 LA 5K 2 1 J7
B 5%, T HLAS 7K ERI 2R/ K, WK
IR L AWV IR 27 (N S IR EER S ZNVIN
R )BT R RO HEAR 7 AN LK )
8, MOKFERLHIZEFRMT KT G5 5y a8 45 M
JRIH B RN LR TF I RARZLBEY i | 7 HE IR R4

(5) BERIRZLE 5 T KoK 0 S Je 0 ijt
It 5K S50 T3 28 B K AR RO 2080 /I\
MK AT DISR Y —2H Ko LA IBE K ) JQ%E’JXE

17,
S Xk

(1] ZEaRni BE22 IR R, 46, MR ) b i 37 vh 2 SR X e
R PITTE[J]. IR, 2009 ,34(6) :766-770.
Li Zhigiang, Xian Xuefu, Xu Longjun, et al. Quantitative predicting
method of coalbed methane relative high permeability region in geo-
stress and geothermal field[ J]. Journal of China Coal Society,2009,
34(6) :766-770.

(2] X ¥ R, XIPEAK, 45, IF Aad B vp R AR )Z 8 B R 3L
PERHEL S ], 5241, 2009,34(7) :947-951.
Deng Ze, Kang Yongshang, Liu Honglin, et al. Dynamic variation
character of coal bed methane reservoir permeability during depletion
[J]. Journal of China Coal Society,2009,34(7) :947-951.

[3] Hallan S D,Last N C. Geometry of hydraulic fractures from modestly

[11]

[12]

[13]

deviated well bores| R]. SPE 20656 ,1991.

Doe T W, Boyce G. Orientation of hydraulic fractures in salt under
hydrostatic and non-hydrostatic stress[ J]. Rock Mechanics and Min-
ing Science,1989,26:605-611.

Renshaw C E, Pollard D D. Are large differential stresses required for
straight fracture propagation paths[ J]. Journal of Structural Geology,
1994,16(6) :817-822.

We 8 &, & A5 BEVLRGETERE R AR
FE[J]. AR 2008 ,29(3) :431-434.

Chen Mian,Zhou Jian, Jin Yan,et al. Experimental study on fractu-

R AIE S5 56 A

ring features in naturally fractured reservoir[ J]. Acta Petrolei Sini-
ca,2008,29(3) :431-434.
ML X W, P, S K T L x )2 R T R R
WEFELI]. A R 2 2 4 (A AR PR ,2006,30(5) 42—
45.
Li Gensheng, Liu Li, Huang Zhongwei, et al. Study of effect of hy-
draulic perforating on formation fracturing pressure [ J]. Journal of
China University of Petroleum ( Edition of Natural Science ) ,2006,30
(5) :42-45.
Crosby D G,Rahman M M,Rahman M K, et al. Single and multiple
transverse fracture initiation from horizontal wells[ J . Journal of Pe-
troleum Science and Engineering,2002,35:191-204.
REAF. RS EZ I E IR AR [ D], JL .
o [ B R (B RL) 2008 :34-55.
Zhu Baocun. Numerical modeling of mechanical mechanism of hy-
draulic fracture in coalbed methane well[ D]. Beijing; China Univer-
sity of Geosciences( Beijing) ,2008 :34-55.
RFAE, A BURE,  H0 H 5 R IR A 2
FESIHRE [ )] . s T~¢E’<,2oo9,34(9) :1199-1 202.
Zhu Baocun, Tang Shuheng, Yan Zhifeng, et al. Effects of crustal
stress and natural fractures on fracture pressure of coal reservoir
[J]. Journal of China Coal Society,2009,34(9) :1 199-1 202.
Hossain M M, Rahman M K, Rahman S S. Hydraulic fracture initia-
tion and propagation : roles of wellbore trajectory, perforation and
stress regimes| J]. JPSE,2000,27 :129-149.
58/ NI, SESESE, BRI, A5 AN [ A 36 78 7 b 17 g 3 s e 4
FASHTERI[T]. 5% ,2008,33(5) :505-508.
Ni Xiaoming, Wang Yanbin, Jie Mingxun, et al. Stress’ s influence
in different tectonic positions on fracturing interstitial morphology
[J]. Journal of China Coal Society,2008,33(5) :505-508.
Chen Zhongming, Economides M J. Effect of near wellbore fracture
geometry on fracture execution and post treatment well production of
deviated and horizontal wells[ R]. SPE 39425 ,1999.
Yew C H,Schmidt J H,Li Yi. On fracture design of deviated wells
[R]. SPE 19722,1993.
Warpinski N R, Lorenz J C. Author’ s reply to discussion of exami-
nation of a cored hydraulic fracture in a deep gas well[ R]. SPE

26946 ,1992.





