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Longitudinal propagation model of hydraulic fracture and numerical simulation in
multi-layer superimposed coalbed

YANG Zhaozhong' ,ZHANG Dan', YI Liangping'*, LI Xiaogang',LI Yu’

(1.State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation ,Southwest Petroleum University ,Chengdu 610500, China ; 2.School of Mechatronic
Engineering , Southwest Petroleum University ,Chengdu 610500, China; 3.CNOOC EnerTech-Drilling & Production Co. ,Tianjin 300452, China)

Abstract; Hydraulic fracturing technology is a way to efficiently develop multi-layer superimposed coalbed reservoirs.
Among the multi-layer coalbed superimposed reservoirs, compared with other rock layers, the interlayer stress, interface
properties , and lithology of coal layer are quite different,which will have a great impact on hydraulic fracture propaga-
tion.Therefore , aiming at the problem of hydraulic fracture longitudinal propagation,a multi-layer superimposed coal
layer hydraulic fracture longitudinal expansion mechanism model was developed based on the theory of pore elasticity

and damage mechanics.In this approach,it assumes that the damage will only be caused when the element strain ex-
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ceeds the critical strain of the rock.The element permeability is the weighted summation of initial rock permeability
and fracture permeability ,and the weight coefficient is a function of fracture width and element size.In the initial state,
all elements except the fracture elements have no damage.The finite element numerical discretization method and New-
ton-Raphson (NR) iterative method were used to establish the corresponding numerical solution iteration format, and
the corresponding numerical calculation program was written by MATLAB.The model was used to examine the influ-
ences of in-situ stresses difference , interface strength ,modulus of elasticity and Poisson’ s ratio of sandstone layer ( cap
layer) ,and fracturing fluid viscosity on the longitudinal propagation of hydraulic fracturing. The results demonstrate
that the larger in-situ stress difference , interface strength , and modulus of elasticity ( sandstone layer) ,the higher proba-
bility of hydraulic fracture penetrates the sand coal layer interface and extends in the sandstone layer.High viscosity of
the fracturing fluid will make it possible that the fracture extends through the interlayer interface to the upper and low-
er barriers.If the fracture propagation along the sand coal layer interface, the fracture width in the interface is much
smaller than that in the coal.The pressure in the fracture that propagates along the sand coal layer interface is higher
than the pressure of hydraulic fractures that cross the sand coal interface.

Key words : muti-layer superimposed coalbed ; hydraulic fracture ; fracture propagation ;fluid-solid coupling ; multilayer
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Fig.2 Damage distribution contours at the end of injection time in three different time steps
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Fig. 3 Pressure distribution contours at the end of injection time in three different time steps

12 8
1.0 6
4
0.8 i 5
06 £ E 0
N

0.4
02 o
: -6

0
-8 -4 0 4 8 -8
x/m x/m

(a)Ar=3.0s

(b)Ar=45s

1.2
I
0.8
0.6

0.4
|0.2
0

(c)A=6.0s

K4 3 RTINS (]2 B0 T T AGS SR R4 S = K

Fig. 4  Fracture width distribution contours at the end of injection time in three different time steps



www.chinacaj.net

5% 10 #i ke 2 2SI 2 R Y\ n T R AR S B E A 3273
20 - v P-5MPa
s 101 l l l l P=5MPa
= m e
S 121 gL #a : 6,~14 MPa
™ ; e o - hs
o e AF30s I o
i .
< —&— A=4.5s P=5MPa q o, =12 MPa
A 4% —o— A=6.0's Y
L ' ' ' y  E| B o c1awmp
0 10 20 30 40 Lok 3 ~ % ¢
Y s X AT ¥
NS A /s | 6m |

KI5 3 MRS ] A O T T A G T Bl e T 22 Ak
Fig.5 Pressure at the injection point versus injection
time in three different time steps cases
JUFAHIR , TAESE N TR 1 B 5] 3 A1 55 A T, 545%
AR

CAL(1 =) (P - 0y) e
E/

1 -— (36)

wlx

v IS B ; PO AE N TR R F7, 1R B (A
HELE RN 12,273 MPa; o, W T B T 245 1M (195
M g, AE AL B ) S A 0 B Y R R
(12 MPa) ;L HREERK A B A THRAT 21 2448 >
KR 5.75 myx MRS AT — S BT SRR
B,

2 ANAS TV RRE R 45 3] A SR 4% T 1 U 4 K 1)
(3 Ai 2 25 S48/ IR 22U R 2. 75% (1 6)
P ICBGUE T A SO AR 4 S 1 A R IE A

l.OJ:
e —a— AR
g 08T I~y —o— HEf#
0.6 N
P
?—? 04r »
& \.
02 \
®
1 1 A J
0 4 6

2
UK /m
Bl 6 BRI R A 2 1Y SR 4 T J3E X L
Fig. 6 Fracture width comparison between numerical

model and analytical model

3 EIaH

2 JR B BI)Z R 1 RE8E YN P R Y G i
PRUER AL 4 3 5 PR 28 (0 B0 ) 22 | 5 T R i A
EANARA L) AR TR N R (R 2ERFHE) , 15 X
SR A NIE T B R o, R K 3
J1 0, A KB T, BT B9 AL 2 5O
x2,

3.1 REMAZEXRET REFMN
ARG 3 AT JEAE I g 25 B L5 1] (y D 1)) L

P=5 MPa

7 LU TS AL B R
Fig. 7 Schematic diagram of computational domain and

boundary conditions used in the simulation example
M ) S5 B8 Z (Bb A2 ) v« D5 1) b B 7KSF- 3
ZEENPBEY PR 3 AN A A
RN ¢=2.2x107° m?/s, T B 5 16 #b B 7720 51 N
15,16 H1 17 MPa,
*F2 HEMEANMESH

Table 2 Parameters used in simulation

E 24 HE E 2 HH
WA AR J1/MPa 3 WEBIER/107 m? 1
A6 S 1/ MPa HABIER/1075 m? 0.1

REBEF/107 m? 100
W x T IRACEHY f1/MPa 14
WA« B BKEHR J1/MPa 12

RGN S1/MPa 1
WA /GPa 22
BEATERE/GPa 6

{E=RISE /N A 0.17 y J7 [ ML F1/MPa 15

JREATRA 0.25 VRBEE/ (mPa -« s) 1
VIR HZE T/ MPa 5 Afa] 25/ s 2

HEARE]/s 96 IR /m 0.25

I AR ZE SR (TR 8 ~ 10) AT, Y JEL ML ) 22 4%
/N, 7K 7 S IR e 22 2 () B Ik i B v VR S I
P, BARIK I35 25T )5 J2 (B AT AE 2 AT A 1Y
PABE LT LW 2 T M BE BT RE /N, Y S M Y ) 253
K2 3 MPa B}, 7K Jj 5% 15 42 28 3 )2 (8] 55 180 i 22
S| SN Sy A (ENC i P ke Sri A ve S oy
WM I AR )2 [ A T A 1) 9 B0 B B8 K T A 2 o T A
SR, TR =B R = B TE = K
JEs ELAT ARARLYE | DRI A e S AL 25t i = BT oK
IR PLEE SIS
3.2 REEENHET BHNZM

3ANEFIR Dy A F O 17 MPa, ¥
AT E] A 96 s, 155480 5T 8 B 4301 4 0. 50, 0. 75,
1. 00 MPa B} A9 REE 9N a1 4" eI (K 11)

P T 11 AT 0, ST B RO, K ) R AT iR 2
AE R TR S BN A R AT A SR T A2 4
ML (B 12 (a) ), 20 2 V5 F i A SR ) Lty
22 [va) S T S Ao A A T AR TV 2 [ AL T A2 e



%X

3274

www.chinacaj.net

F % 2021 455 46 %

N J2= ) St i 56 B2 AN TE AR T8
3.3 HBREEFMAMRIENRET RN
SR T 1 U R 17 MPa B =

0.17,0.20 F10. 23,
U 13 s W05 2 S A A | SR o
K, EVB/NORP A Z (G52 B SIS

H SRR 7000 22,16 F110 GPa, T aA ) B oAt 2 (18 12(b) ), 10 2 B kAR
TEAS PLIE 5 SR i i L fﬁ& PENAANLL T EBOR BB R R A SR T
8 1.0 8 1.0
; o0 l..
F 3 0.6 . E 3 0.6 -
- 04 T 0.4
4 I 02 :4 I 02
6 6
g 0 " 0
x/m x/m x/m
(a) J5HLR J3 7591 MPa (b) JEHLRY /)% 92 MPa (¢) JEHLRL 3 793 MPa

8 3 Bl N ) 22 R A SE R R A7 T L 2 &

Fig. 8 Damage distribution contours at the end of injection time in three different in-situ stresses difference cases
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Fig. 12 Pressure at the injection point versus injection time
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Fig. 13 Damage distribution contours at the end of injection time in three different young modulus and poisson ratio of sandstone cases
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