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Abstract During hydraulic fracturing, the injected self-degradable diverters can bridge and form a tight plug within the hydraulic
fractures. The net fracture pressure can be enlarged to a great level and the natural fractures can be activated, thus the stimulated volume
is greatly enlarged. The investigation of the in-fracture temporary plugging and diverting fracturing (ITPDF) process is beneficial for
uncovering the mechanisms and the patterns of ITPDF. This paper systematically introduces the physical processes and the controlling
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equations of the hydraulic fracturing problems during ITPDF. A 2D fluid-solid fully-coupled finite element model is developed to simulate
the overall fracture propagation when a hydraulic fracture intersects a natural fracture. In the model, cohesive elements are applied to
pre-define the fracture propagation paths and a cohesive zone model is applied to control the fracture initiation and propagation criteria.
In this way, the calculation of the stress singularity at the fracture tips can be avoided. Moreover, this paper assumes the diffusive term
from Darcy’s equation equals the conductivity term in Reynold’s equation, and the equivalent viscosity is modified to model the effects
of the tight plug on fluid flow. In this way, it is not necessary to change the governing equation of the fracturing fluid flow within the
hydraulic fracture. The simulation results of the developed model are consistent with the reported simulation results at various conditions,
which verifies the reliability of the developed model. Further, this paper simulates the dynamic process of ITPDF based on the established
model. The simulation results show the fluid pressure declines sharply within the tight plug, and the net fracture pressure and the fracture
width are enlarged dramatically, thus the NF(Natural Fracture) is activated. The whole process of ITPDF includes five stages: (1) the
hydraulic fracture initiates at the fluid injection point and then propagates and arrives at the intersection point of the hydraulic fracture
and the natural fracture; (2) the hydraulic fracture propagates from the intersection point to the position of the tight plug; (3) the hydraulic
fracture stops propagating and the upper branch of the natural fracture opens until arriving at the tip; (4) the upper branch of the natural
fracture stops propagating and the lower branch of the natural fracture opens until arriving at the tip; (5) both the hydraulic fracture and
the natural fracture swell continually. This work provides a robust model and method basis for the further investigation of the ITPDF.

Keywords

doi: 10.3969/j.issn.2096-1693.2021.02.020
0 5l

IK T RZEIE IR 2 5 AT L S 5 4 v it 2 e 2K
W RAR U R H TV N 2 48 W (1T 4 25 1012
SAEMEARZ T, MIIRBAE IS & . KR 22
KEK T 5488 5 RINBLEE I A (R FR ) mit, K T2
e T E R RAR A, T A RS, 4%
WS H AR R R 8 R e e N T iU e B3, $ T4k
IR DT, e Imas 8 2 KIREE, KA 2 Uos iR
TR WA N B R, A BT IS A N b
RIS, 8 PAE NI I R AT

Wang % PVEF W) RS 0 25 SRR WY, Y oKF N )
2578 2.5 MPaltf, 7EJE I 3 B Toe R ag oy i b
PR T R S48 T4 KR S 2 7.5 MPa B,
ANGE 7 A Wt B 1) B 4%, Xiong S Ml I RST Oy
762 mm x 762 mm x 914 mm A K AERE, @it 916 4
EHLS 3 E MR, Bk TN T A [R]
R R AR AT AT Mou % TR FBRBR EE A K
REEK, RGMTE 7K G s BOR R b 85 Y Jre
AL, SCBgh AR, BRI A I ARE GBS A S T A
W1, WACFBOANEO B4 T 34E . H =4k
TR RS R R A R A MY R ) WL T B, (B
Z RBEFR ], TCILBAAE N i o R, BUE A
PITTH, ZouSF P T BIWOT I, . T 3D %
BERIAY | BIFSY T AR ZLBEVE O 4 MIE S AU . Wu
1 Olson" R FH Ak 1Y —4Ei B AN & 221k, 9T 1K
SR T 25 R R SR SE4% 7y A WP AR B ZR B2 . Xie
25 WL Wu 1 Olson 2 37 AR TR E— 20 9, L

fracturing; intersection propagation; plugging model; dynamic process

ULERERN], oK TR IV IR RIR AR, ik
JIAGEGTE, DIEKIRRLERTHY K ) 2EGEBTT R R
FIE 257K ) ZEBE I BERY I/ . Wang A5 U2 L T4 A7
BROCTTIE, WFFE T RIR LR EE SR AR 45 56 JEE X A
LY TRV AR . Guo 55 VT4 FROTFI Y 3R
XTIk, WFFE T I ) 22 8 T A 0 FH A R4 5 )
SN . Chen 5 U [RJRER FHAT BROTAIN SR X T7 ik, WF
FETRNI1Yy, RIRBLLEF MR IE . 18T MR ES AL
XA REAE T A IR MR . 3R XA BROCASE Y AT L S 2R
TG, B BIEAR AL RO, AR i 24
YIRS B A A BRI Sy, R RS S 2
BErE Y R BRI A BT B th Tk Z R AL RIS A
SERCR BB R, RTA A2 AE Y R BB e o
AR TN T IE R, DO T4 N RS e i i
o

ASCHETABRITIIN R IX 51k, S 1 [ 4
DS RGE T  JRARL, SIAESA R EIE AR, BF
FUE IS RAE TRy AT, N RGBT GE N
ST LR 10T IR S R

1 SENPHRREREOR )R]

HEEVERRIZ T, AR 280K . RIRREIR
SRR LRI K T BB 5 R IR ARAE 2 A R AR
I, TR BEELE RIS T AT R, 18 3R IR AE4E
Ja, e TR R IR, oA T R IR
S8 (K 1a). MK REEY RITIT )R, RA/NRARY
YR, R R AE N e AR AR R B, TP B B



264

FIMELEER  20214F 6 H 6B 2 )

b) NFsK430E

HF ~_

(a) HFZ1INF

(c) NFEILIRUE

~ 4 \F NF
.
HF 4 G HF RN
~
NF
// (

(d) FANF i 3R 4E e

/NF NF
-

/ /' HiEK HF SN
(d) 7ENF & 55 S b e 1)

B1 #ERNEEERETESEHFRRKIHE, NFRRRAZLE)

Fig. 1 Process decomposition of the temporary plugging and diverting fracturing within fracture (HF the hydraulic fracture,

NF the natural fracture)
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Fig.2 A bilinear cohesive traction-separation law
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Fig. 5 Comparison of the simulation results with and without tight plug
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