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Numerical simulation of multi-cluster fracture
competitive propagation and proppant placement
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Abstract: In the fracturing process, the effective support of fractures is the key factor affecting the fracturing effect
of horizontal wells. To improve the production efficiency of tight oil and gas fracturing, it is necessary to further
clarify the migration and placement law of proppant during complex fracture propagation. The three-dimensional
fracture model and proppant migration integrated calculation model were established to simulate the competitive
expansion state of multiple clusters of fractures in horizontal wells, and the effects of different construction
parameters on the placement of proppant in fractures were compared and analyzed to further optimize the digital
fracturing process parameters. The results show that, branch fractures have a shunt effect, which reduces the flow
rate of main fractures, the proppant is easy to accumulate in the smaller seam width due to the effect of the seam

width, the proppant distribution in the fracture is "wedge-shaped", which is the same as that along the fracture width
and length, and the near-wellbore support effect is better, and the combination injection of high injection rate, low

viscosity fracturing fluid and low density proppant can effectively improve the fracture support area and support

Received: 2023-11-15; Accepted: 2024-04-09; Online (CNKI): 2024-06-21
Foundation: National Natural Science Foundation of China (52074332); PetroChina Southwest Oil and Gas Field Company Scientific
Research Project (20230302-11)
Corresponding author: Professor GUO Tiankui (guotiankui@126.com)
Citation: LI Li, ZENG Ji, CHEN Weihua, et al. Numerical simulation of multi-cluster fracture competitive propagation and proppant
placement [J]. Journal of Shenzhen University Science and Engineering, 2025, 42(2): 183-191. (in Chinese)




184 RYINRK 4R PR T RR

F42

effect.

Key words: oilfield development; horizontal well fracturing; proppant distribution; proppant migration; fracture

propagation; construction parameters; numerical simulation

B il B OF A AR BRAE A, il <O R A S
WY, BOEMhURZ T O BT A T
AR IR HAT B R BE B TN B M HE R A
s ZRHDK I BURREOR , et Z I 4%
PEMLE, YORMARBIRIEE, BN, 52
WEBOTR. 1K B0 g ferh, ek
SRR A6 75T W Wy S 4% R A 8% v 0 s 7 Bl
=, RIS IS R B T REPEIN R, DI
TRk s e 2R T A

FIAT, [EASNE ST RS SRR s R A oK
5o K PRIIETT . S R P AR A B A R T
B, TRICSHGBORLAENR (8] A8 sh U, 2R
ZR /NS EHT BEI , AFETE A RS | %
FRIAR | LA RS FE B AR vog 2 45 R 3R 5 S )
Z A E R R BEEOIRIRA, Ak
TR 2 BB T ¥ 3T AN [R5 PR 2800 52
PERTEA W) R4 h s TR LA TR
ZRBEAUITRA X C e i 284, HRgE 3]
SRR, JERFE B S SREEY b 0%
FRIBTRE Loz Rl , I, BFEE RS bR
Tl A — 5 20, X LR A ot R A v A B
=i

AR GEAE AT H-F- T = 4 2R (Y 3L mt L5
ASCHSE R DU B R Y, 5 R85 552
FRIE B — AT R, B ZRER R e S5k
PERAERY ) ST B R R AR &, S22
B T AP IR At 14 SR A R Bl L (AL

1 xR

1.1 JL{aEsy

7K 7 2402 R 1 1 A v e D Al 5 A il
2, UREHRAEY EAEAR. KRS W LIE Y,
25K R, RS, A THEZEE
IR R EIEAT, fraseikimshat bt
78] PN A VR R P L K B LA, B8 Ak 1 S5 F LS BELUE A 457
e, RAWERELE HE-GIL-2HE 2S5
WIE Bl
1.2 HEATRER

R =L AN ESRRT A A A F

e Y BT YIN B N ESE N0, Hith, &N
WARSE L i R K 5% )
P~ O, = f Glx =",y =y, 2= 2w(x',y',2")dA
A(t)
(1)

Hob, p RSENTRIEIS TS, HAL: MPa; o, HiLY)
ST, BL: MPa; A(c) AREED REmfE] 2T

SO AR, BAN . m?; w RBLEETEIE, HA.
m; (x', ', Z)VRIES; (v, v, 2) WG G
MRERHL,

= E 1

1.5

8m(l —v*) [(x -x" )+ (y -y +(z- z')2]
(2)

Hor, E NIt Hfi: MPa; o ATHAALL.
1.3 Z&RNRzhAR

B 5% N PRI s A5 G WA T Bl ARFAE
W AR Bl B ARG 5 7 Ry

q =—W31>;;09 Vp, (3)
Hrp, g MR ERERE, B0 mYs; u
FTRAREEEE, A7 mPas.

TARTEAE NI S SV DT

d 2C
= +V-qg+ — = o(x - Xk ¥V yin.lf)Qk (4)

ot

t =1,
Hr, k=1,2,--- N, HEEFH; CHIERR
B, B4 m/min®; QML TR R,

7 m¥s; to WIFURUE I BIRTIE], B4 2 s5 (2o YVins)
R BB kRSB S Mk R R, R

{j: m”.
1.4 HEEE
X2, RRBOIRAIH MG FLiE AL

S, eI Z R IR -STL-AEET B
R, SIS N

Po=DPoi ¥ Pt ¥ P k=12, N (5)

Hrp, po ok SREETT R N A IR B0 Y EE 4 RE T

s MPas p, oKk SR Z4HENT I S FLIEERHL, A .

MPa; p,, Wk RPHEEM AT ET), Bf7: MPa.
SIFLIEERH Ny
0. 807pQ?

pp,k - n2d4K2 (6)




2 B, A ZRRINRREEST IR SO B E R E AL 185

Horb, p WIRZBCETE, AL kg/m's n WGHLAL
WREG dBHALALIR B, B0 m; KOWFLIR &
ES 18

I, AR B 2 s e, B

0r= 0., (7)

Horr, Q&R B S, B ms; Q.
kSR, A ms.
1.5 ERyVEBEH

R BE v I T 5 R TR0l A W S
BF, Fams, MaEkAY R, Mz UGE A
TRHEAEESXY RGN, Wi T %
o, YR ORM BN ES . A, R
FHI AT BE i 2 i i A A S I W B 2 5 0 B 1)
KM, BABEREY MG RS R

|| 2| 2o
Hob, w R F4ETE, B ms K OAg 1 AN
2900k, AL MParm®®; E' A F-TH N S A% [GAR
i, B MPa; r ONFEBIRAERNGAIEE, B
fii: m.
1.6 XEFEH

SCHEFTE 2L N B9 3 A IR S TR 2O A 5 5
R EABURAR EAE RS IR . AR RS
BEEAN IR, KRG SN [T AR R
g, BRI AR T S 1) 1K PG T S A
B L IR E SN CEWA NN G = S U N & VA 1 B4
A Ia BRI T RE . SCERI R B SPE TR

M+ Vg, (x,y,t) = @,0(1)8(x, y) ©)

ot
=2 (10)
¢m

¢/
Hrp, q, WEEWNSCHERIR R, IR E )
DUREIAL AL

ww

q, = BZ[OP(¢" W 1 P80 (¢ Z)] ()

Hrr, BAHBHIERE; o HEFER, A0 m;
@ A SCHEFNATR R Ap FREA I R 5 5L
BERBEEZ X, o, MRKREFIETI L, S
Dovntov BRI AN @, = 0. 585; @' K SCEEFIAF
I8 @, W LUAE s @ ARIAR I ZTE A SCHE AR
SrB. QG5 IR TR S S R S
AR F B IR R P AP R AR

2 BEEMER

ABIESER A RO EE LB B bk, 7T
ZE ARG Y R R Pt T HE R . R A
JE . SCHEERDRLAR TN 45 DR 23R X 4% N DR 0 A1 1Y)
S, o, AR ) RV A RGP R
SR NI . #)Z NA AR #E N
WHEHNHRERTF 0. 1% I SZPETIFL.

Pl 1 Sy s ) e s AL o, G REE R
40 m; FKEIHBIRE N 4 km, HIKFEB: T%)2
W HE A E =34 GPa; v=0.25; o, /K
PR

- * B7L

SE
= £33 33
”thOMPa‘Y ') L ‘\ ) tigYT*—! l
. R R JEZLE: JEZE:
T2
0}, = 64 MPa

B M I s
Fig. 1 Schematic diagram of in-situ stress profile. The blue
and yellow boxes are cap rock, the green box is pay layer, and

the red cross is perforation cluster.
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Fig. 2 The influence of construction displacement on the
distribution of proppant cracks. (a) Distribution of fractured
sand concentration under displacements of 6 m*/min. The
colormap indicates the proppant concentration. (b) Comparison
of crack support effects at different construction discharge rates.
The orange bar is the value of propped-area, the cyan bar is the

value of fracture area, and the dot-line is propped-ratio.
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Fig.3 The influence of fracturing fluid viscosity on the
distribution of proppant in fractures. (a) Distributions of
fractured sand concentration corresponding to different
fracturing fluid viscosities with w = 5 mPa+s. The colormap
indicates the proppant concentration. (b) Comparison of fracture
support effects with different fracturing fluid viscosities. The
orange bar is the value of propped-area, the cyan baris the value

of fracture area, and the dot-line is propped-ratio.
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Fig. 4 The influence of proppant particle size on the
distribution of proppant in cracks. (a) Distribution of fractured
sand concentration corresponding to different proppant particle
sizes with 600 pm. The colormap indicates the proppant

concentration. (b) Comparison of fracture support effects with
different proppant ratios. The orange bar is the value of propped-
area, the cyan bar is the value of fracture area, and the dot-line is

propped-ratio.
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fracture area, and the dot-line is propped-ratio.
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Fig. 7 The influence of cluster number on the distribution of
proppant in cracks. (a) 3 clusters with a cluster spacing of 15 m
correspond to the distribution of crack widths. The colormap
indicates the proppant concentration. (b) Comparison of fracture
support effects with different cluster numbers. The orange bar is
the value of propped-area, the cyan bar is the value of fracture

area, and the dot-line is propped-ratio.
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Fig. 9 The influence of the sand ratios on the distribution of

proppant in cracks. (a) 4% sand ratios correspond to fractured
sand concentration distribution. The colormap indicates the
proppant concentration. (b) Comparison of fracture support

effects with different sand ratios. The orange bar is the value of

propped-area, the cyan bar is the value of fracture area, and the

dot-line is propped-ratio.
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