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Figure 1 (Color online) Multi-stage Hydraulic Fracturing of shale gas
reservoirs. (a) Crack cluster without crossing; (b) crack cluster with
crossing.

(b)

114613-2



FHAE. PEBL MBS D) ORI 20174 476 H 11

KJZ, R85 SN0 SUNRE R W AR
2 FE U BOM 2R 5% R AU (Y e R 45 T 2R 4% 0y Y
MK REBIANEOR Z | 4% RGN IR IR,
BT LRI Bt 2 VR R SE R 4t B AR PRI AR,

BT 7K ) AN 2 53 3880 UV B 28 M, R TTAL
v el it AR e (1) MR A O A 1) [ 1 3 8
5 (2) b A A ARAR AT 4, H R4 2R BUOR
AN (3) 257 SO L4 1) 4% =y PN 48 i AH 55, HLZRLBE Ik
I B A R 24 (4) NS IR 3 52 B I RE i, 4%
W25 RS B [ AR SE; (5) 122 70 SCEETE L 2
i AN AEIE R LR

BT 2 HRREE PR Re P R, Ty 1 Sl
Xof B 48 RE FUAN BOR 288 R UK T R 47 58 &40 M, KA
] IRF TR A 22 N 55 LA 1A 000 A i e A Dy 2R % T P U A
JEJIRE MBNRARIIBIRE . & A YRR, EA W
R THI BRI 20 B 5 7 A 1 R R A S T 2,

(1) RLEE N AR R e 248 AR & )
e IR 2R B AT RV FERE B, J2 /K ) IR 2R AR 8% TP LY
RARE R, BfAA T
E, = nhxwP,

Hop, haRoR 8% 5y SO S BE, Sy niRoR i
FLARREE 7 ST, TR, wionREE 7 LT
TR, Ffrm; xRN REE KT I, B fim; PRRIR R
885y LI IR 77, FAL MPa.

(2) BN AK RO BN RE. 4% P B8 AL 1A B BE 2 IR
R ZR AT R, AR AT

1 dr )’

E = Enhxwp[a] ,
Horr, pRom i A SCHE R IR I 2% B2, S frkg/m’; 1
TR, HArs. i T4 U R 88 0 ST v
FE(h)~ S ALIEREE D S H (n) 2487 ST 1Y
TEIE(w) REAERPP YKL 0 F S HH R T 348, B
LA sh ik sh ek 7 BB, R g Kd
R, T~ 85 v JRE AT 5 8 i e 18] 5 1), 2R 8% 9 Rl JiE
AR AR A AE ST 2o K P A5 21 Sk

() AR HBATERE. ARG R R R AR
TRAEARER BA KRR, Rk AX T

1
E = nhow(P ~,),

o, p 7R A SCHEFR I U T 5 2, B i kg/m)’;
1RTR NI [E], BN A s; on e B /N KSE L, Bfr
MPa. & A7 5 % 35 BE A BEAR A6 B AR A 7] R, 2 LIt
SR 8 L ] AL

(4 A AR RE. 5 R R
iR RG <i7): 5= W N /A V1

e R R

E, = nhx2e,

N T JE SRR TTAE, A2
2e,

E, = nhxw—=,
w

Ho, e R B AR GE, BAL)/m’.
(5) L BN JBE 37 A 1) #A e

dx 2
Ef = 2fnhx2[5] 5

Horh, fORTE T BEHE R AL

FTre s EER, Zhae. SR, Rim#E. #
PERER . BEEFERE A TR AE R, ATLS
i BLR 7 R
Pg t= Ep—i—Ek—i—ES—i—EE—i—E/, (1)

injq inj

Hodr, pi RN HEEN D IENIE JT, BALMPa; i 7R
WARENZE, BAIms.

I F B /M & i B ] DATE 5 o 2 4% 1 40N 4L
MIRLEE R0 SR, DARF 5 KO R BhRE, POE R
e, F(nRaFERRE. & X hitk BT H k3. sh{EfR S
L=K(0) - P,
1,= [rar. 2)

FINi FIFERE R AL, FRAE B U, 0 SORHZ T
NETRRIERE B, WL 3 B B AR A4 B H B8

d
det

z] o __oF
ox' ox @)
BROMER. BH., fAARG) T, &
L AL SR A I B 2y 7 R, T A5 2 4% R LK B A
BB B AR R

 Ox

3 l[ap—ah+ ﬁ]]3. )
w

114613-3



FHAE. PEBL MBS D) ORI 20174 476 H 11

"y Pini Dt

hx|w| P+ %(P— a,)+ 278] +p[%w+2fx][ix—t] ]
(5)

REEKHE AR T

dx 1 i w de, :

5_5t3E[3PO—h+W]] . (6)
Ik A A 5% B8 nT DUEH X(7):

e Th(P—o0,) 1 —u’ . 7

4 E

FEPARTE N IR AT 25 5 I [R] 9, AR 4 3 =X B
F] 3 M RGE SR A FE NG SR AN B AT T RS
REUAAN Hin R 7n 248 R G0 B AR PERI 1845

3 ZRERBEARKEREEHTUN

fith 2 AR AR s vT LA 8 SR 4 32 B 3 77 R e
i 2 AR R, 78 b3k 28 s 575 B i 24 4% R LK
G4 10N B r SR A b, AT DL IR 3 7 4 e 1 it )2
AR A 15 L

A TR ST AR TR o H 2 4 40K R A 44
IS, (B 2 B2 8% 7y SO i P I A2 K 7 ).
TEAFAE KT I 7 4% 1) S 1 () deh gy, SR 88 A K7 11 %2
IR ) 22 S IR R, AR Bk 2 A AR 50 1D 3 R A A
[, o K il 28 5 8 KK PR3 77 170 A ], 1 %8 il
25 e /N KB 7 AR ) T 2 A T (1 B A 1
AT LA Z0(3)—(5) SR 2 AT B BH, 5 T if 2 i M X 2
— AN A S FLAE AN [ T R O (R (B 2, X6 TR AN ST AL
AL, it J2 AR Ui T AR A il J2 o0 b X RN 2 4%
SEIK P, 58 L AL, Y ) 2 5 b 0 2 K
Forp L/, 8 5 JF AL K B 77 &1 S PR E 1. o SR
R 8% 7 S 3K BE S5 T (L L) 191/2, L/LSE T
5 /NS B AR K KT B 7 1 LG AE (ow/om), T84 i
JE R FR SO e mT DL S dn R K

Iu
(o2

_ _ 2 h
(84R), = nL L = 4nx, (8)

%
_ < 2 0,

SRV =) dnx]h,

! [ O-II

1+ -2

oy,

]2 ’ )

Horb, o BRI AR, RN TEKE, £Am;
hi TR SR S FLAR R AR I T 2 B, B my n ROR
S LR RIEH 5 ouRom i RIKSFHBSLJ), B LM Pa; o,
TR /NS 7, B4 MPa.

FEAE () I, B Bttt 2 e ads [X 33 A AH 4 5 FL A%
B BB X, BLSE R, £ B FLAR R B,
6 G i J2= IO X 5k ) R B, BT B K/ i i (R NI
[ ¥ 2 4% 73 ST B L T R E

4 RENENIERTH

N T 2 R FAR AL T R R RE I B KA,
Wt T R RZEALER. @
T @)(6)fF H, HEs AR LA 5 R4 E R
AN FEE NI 8] 1) R 2R

NT TRREERE . TUARIRE. BIREE.
0T BE A AR A BB 1) A K T R U B S
2 T K 2-9.

XA o T R AR A KR RN R A KB AN 4y
A 2. AT, R AR N AT, 4R ST AE K
TR AR, B 5 7 NN R 38, 488 o S AR K AR 2R
S 4% J 401N B0 YA N IR D) 7 A o B3 . X e A S
FUREE KR 5 R R0 NRFRAS BE B S s fit 7

1 e smEpn=

——2[E/]=4
——P[E ) =6

R

0 50 100 150 200 250 300
RRESE (s)
B2 (W hORE B  Fs J onof 2 4 R A0S B 52 i

Figure2 (Color online) Effect of net pressure on the pseudo population
of fractures.
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Figure 10  (Color online) Model-computed of the stimulated reservoir
volume.
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Table 1 A summary of competed parameters data of Well W1
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Figure 11 (Color online) The pseudo population of fractures in well
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Propagation model of multi-stage hydraulic fracturing for
horizontal wells on shale gas reservoirs

LI Wei'", SUN WenFeng', GONG XiaoWei', GUO BaiYun’ & YAN Tie'

' School of Petroleum Engineering, Northeast Petroleum University, Daqing 163318, China;
* Department of Petroleum Engineering, University of Louisiana at Lafayette, Lafayette 70506, USA

Multi-stage hydraulic fracturing of horizontal wells is a key technique used for exploiting shale gas reservoirs at present.
Moreover, it has become a commercially successful technique. The application of this technique has changed the fracturing
area effectively. Due to the lack of the knowledge about the initiation and extension of the fracture branches, the hydraulic
fracturing design is rough. The application of the minimum action principle makes the Lagrangian function satisfy the
Hamiltonian integral condition, and the Lagrangian function is composed of the fluid pressure energy, fluid kinetic energy,
elastic energy, rock surface energy and frictional loss energy. The virtual number and virtual length models of fracture
are established, which can describe the complexity of fractures. The single factor analysis on the virtual number model
and the growth rate model of fracures show that the Young’s modulus and Fanning’s friction coefficient have a significant
effect on the number of fractures, and the net pressure and Fenning friction coefficient have a significant effect on the
growth rate of fractures. The field study in Weiyuan-Changning block show that the virtual number of fractures in W1
well is higher than that of N1 well, and the reservoir volume of W1 well is better than that of N1 well, and the complexity
of W1 well is better. The virtual number of fractures can reflect the actual complexity, which provides theoretical guidance
for completion engineers to improve the design and analysis accuracy of shale gas reservoir fracturing.

shale gas, horizontal wells, multistage fracturing, volume fracturing, fracture complexity
PACS: 45.20.Jj, 45.10.Hj, 02.30.1k, 02.30.Xx
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