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Abstract Temporary plugging agents are widely used in temporary plugging and steering fracturing in horizontal wells,
playing a critical role in enhancing reservoir stimulation efficiency. Current study on temporary blocking agents conducted both
domestically and internationally are mostly limited to experimental methods, and there is a lack of macroscopic simulation
research on the migration and plugging processes of temporary plugging agents. In this paper, a numerical simulation method
based on the coupling of Computational Fluid Dynamics (CFD) and Discrete Element Method (DEM) was used to simulate the
downhole migration and plugging process of temporary plugging agents during the fracturing temporary plugging process of
horizontal wells. In the simulation, the plugging agents were regarded as the discrete phase composed of individual particles,
while the fracturing fluid was regarded as the continuous phase. Separate mathematical models were established for the discrete
phase and the continuous phase, and the interaction between the discrete phase and the continuous phase was coupled at the
same time, so as to realize the fluid-solid coupling in the multi-phase system of temporary plugging agent and fracturing fluid.
For the migration process of temporary plugging agent from the wellhead to the target plugging well section, the wellbore
model, “wellbore-borehole-single fracture” and “wellbore-borehole-multiple fractures” models were established. The effect
of the temporary plugging agent particle size, concentrations, fracturing fluid’s viscosity and pumping rate to the migration
integrity was investigated, and the effect of fracture shape to the plugging effect was also explored. The results indicate that the
concentration of the temporary plugging agent, fracturing fluid’s viscosity and pumping rate are important factors affecting the
integrity of the temporary plugging system. The particle size and concentration of the temporary plugging agent is the key factor
that determine whether the temporary plugging system could effectively plug fractures. If the particle size of the temporary
plugging agent is above 20 mesh, the change in mass concentration of the temporary plugging agent will only affect the length of
the blocking section, but will not affect the effectiveness of the temporary plugging in the fracture. Once the width at the end of
the fracture reaches 4 mm, it is difficult to completely plug the fracture in the direction of the fracture height using a temporary
plugging agent with a particle size of 20-70 mesh. The study provides reasonable theoretical guidance for the selection of process
parameters and construction parameters for the temporary plugging fracturing in horizontal wells.

Keywords in-fracture temporary plugging; the migration of temporary plugging agents; the mechanism of temporary plugging;
horizontal well; CFD-DEM
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Table 1 Parameters of wellbore-perforation-single-fracture model

28 IFEPER /M FERKE/m RAERELSEE /mm PSRRI /mm RESE /m HEERE /m
ol 1.0 20 2 0.2 0.6
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Fig. 6 Viability verification of non-perforation wellbore model
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Fig. 7 Viability verification of wellbore-perforation-fracture model
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Fig. 8 Simulation results of vertical section at the same time

EE/m-s
3.00

2.40

1.80

1.20

0.60

2mPa's 20 mPa's 2mPas 20 mPa-s
2% 2% 12% 12%
(b) ZR)FHEE S 6 m¥/min



JLT CFD-DEM R EZUKFHZ R I2 88 5 B A ST 7S

519

WG, ARG R 7850 K R s e 17 6 253
Hro

3 30} RS O T A AR R T 32 1 0 b, AR
T3V A58 O 2R T A 1 A PR A A T A 3] (B 1) D
i, ks R (22) 15

Cin 2 L dp/n
MX:E(R —r ):—EE(R -r?) (22)

(G815 A 1) D A1 5 B e e I i, BRIV O A I
R, ERE R R A A /), ELUE A3 A i) T
TR i AR B OC, X R T AUE R A5 2R,
HEHE A 6 m*/min T4 R R (00 73 BIORE BE R TR H
4 m?/min i YIE DL

TG M 20 mPa- s I H IR0 URL7E 48 BE b iz
s fa B Ge, H PR I 32 B A8 RE AL U N ) 52 0
AR A= i A EEAEE e, DD AT AR R (23) 315

C du, 23)

T Ty
PRI, B 3AL R D0 R 0 R/ N o3 AT T A 1) S 2P oA
RV PR AR BT 32 B DD R B/, A REAR f R, HLYTD
LSRN AN O o X R T BN SE R
TR S4B R 20 mPa- s B4 BE JEI Bl & AR BT IS
Y ETIVEE STl ¥ RZ P B Ui A7 31 DN I YA
(] R, AL 22 ] B 0 #1585 1 IR BT 32 D0
FIA [R5 R 04 22 55
ARG T AR HER T B850 3 B8 3 Y

EE/m-s
3.00

2.40
1.80
1.20
0.60

0.00
4 m3/min 6 m¥min

(@) FRIRE H6%, EHBEFE N2 mPa-s BHEHILE
B9 AEIRBEEANAESHEMNNRKREHE

8 m¥min 10 m¥min 12 m*min

Oy AROL, BT B O 29%~12%, RS BEE
PEEH 2 mPa-sFl 20 mPa-s. A5 YR W i 1 24
WoHEE, BRI REORAR R BB, s
) FL A I PN [R] v B 4 7R R A A3 HICRRE X I A e R
FHER

& 9 JEI/R TSR3 0k B e 3 ELA TR P s BB T,
B IR RO A 43 ET 1) e SRR R e e KA . AR R4
HABAD A R n I, B 27 3 0 ORI 2 B3, fRAr
B I e R HE W N . 25 R 315 45 1 S 45
DA ST DA W PERE SR, it Tl 7 v 2 3 50 Ok,
WA K.
4.1.2 KFHE

AN PR T R BE WL R R A R R vk
3R X B FIAE K E i b s R B s, A5
PUT R EHERE N 4 mYmin Fl 6 m>/min & T 2 HEFI7E
ACEIBh sl ig O, -8 ) 5 AL BB AR R 7R
BT AR ER LI B R RE E

B10 fTE 11 JRoR TR R dHE R AT, B
HRVBURAE AR L BOK P IR B iz B AU 25 .
BLZE R e B i, R HE R 4 mP/minf, #8453
O3 AT FE 7K T B IS #8823 500 JURL B B S 0, i AR T HE
o 6 m*/min B (14 87 35 I JURL SBOAR 2 52 . A7
] 7KV BORH HE R A a3, (HAT PR — 1Y is 7 3
B 38 I TS R A AR R A R Ok 5 KO B

16
—m— 2mPas

14| —e— 20mPa's

12 - e [ ]
‘TC -
é 10 + | ] L ®
) [
1S
HHTHH 8 | |
ﬁ ®
.K 6 [ |
IS °

4+

2 [

0 1 1 1 1 1 1

0 2 4 6 8 10 12 14

ALK B /%
(b) PRI N HEARRIHE

Fig. 9 The maximum pumping displacements of fracturing fluid corresponding to different temporary plugging agent

concentrations when dispersion occurs in vertical pipe
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Fig. 14 The plugging effect of the temporary plugging agents with different particle sizes in bridging 2 mm fractures at the

same time

1 (a) 108, 1.0%

(b) 108, 1.5%

(c) 108, 2.0%

B 15 ARHEEEFNEECE
Fig. 15 The bridging position of the temporary plugging agents with different particle sizes

NI REEE I L | S48 TE 1 M4 K B TR E
FPEUEREY, Sl R EEROR . RITTEA R 25
AN TR R B

Bl 16 7R 1R RIURLAE A A1 R 1 22 2% 2048
Tzt SRS AR . RN B R R h
FLALHRGEALE DY, BEJR #8738 3 50 Ok (e B 4% 11—
RN R I A & S VAR e ]
PR 2SR Sh S E VIR 32, RAAEDIRE; R,
I3 — AR AR MRS I dE N s K, R REEIT T
FOLE s R Bl 7 A A DD g 145 I K e 55
BRI URLAE T 2 N R AR DR, TRt
JEEH CARHBIRHE AR

(d) 20~708, 1.5%

(e) 20~708, 2.0%

HRTEAEREAE 3 T LA SR A AL e 1) L e
LAEIY, TR R I RO AR A i B A BT 17)0 AR
PEREIEE AL, A h>hy>hy, B LT M A1,
BRI il PR L A TR R AR, (TR R AL B
TR £ SRR o RO AR AR FE R
e W D UG PR 5 45 A 4 LI AL R ) A8 4k (1 18)
BRI i B R I A B, e R v
JES RN R —BUNAIE T, B SR TR
il

P19 JB7R 1 28 48 OR v i X2 AN [a] IR 427 345 59) 114 ¢
WSOl BEABEN G, B3R BURLAE B 4% 1 — 2
PRI MR A, B R R BT S B, e 1) EoRe



JLT CFD-DEM IR ZUKF -2 HE 78 5 EHE A ST

523

R4

B 16 AEIFHERELE LR

2481

Fig. 16 The temporary plugging process of the fracture with different tortuosity

B 17 R[EEERER SR
Fig. 17 The bridging results of the fractures with different

tortuosity

ZUESE B ARWEA D, B IERRLAR Dy 20~70
AT, 2350 SR A R I 4 98 4 4 mm 1) 2L4E
(2458 3) L UM 4 A, (HOFRIE iU S B, AR
i 5% 1130 SR 45 0 A v 1) BE BT R A IR L, A
s>1>1y5 AR 4% 11 3] 5 3% B vy 1) B T 34 i
BL, fL>L.

PR AL, I i M 0 O 5 4% 2R A 4 11 b )
AL (K 20), 8% 2 SEN TR T2488 1 Ry THE,

8
— BERE
---- F
6L| 2442
----- 243
®©
o
=
R
I
2 =
0 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Bf[E)/s
B 18 HERENEEATHE
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