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Numerical simulation of wormhole propagation considering natural micro—fractures
ZHAO Ligiang', WANG Runyu', LIU Pingli', LIANG Chong®, ZOU Honglan®, LUO Zhifeng'

(1.State Key Laboratory of Oil & Gas Reservoir Geology and Exploitation Engineering, Southwest Petroleum University, Chengdu,
Sichuan 610500, China; 2.Research Institute of Petroleum Exploration & Development, PetroChina, Beijing 100083, China)

Abstract: Natural micro—fractures in carbonate reservoirs are generally developed and have little effect on porosity, but has a great
influence on the simulation results. In previous studies, the effect of micro—fractures on the growth of wormholes has not been
studied in detail. Based on the double—scale wormhole propagation model, and the natural fracture model with a certain statistical
distribution law produced by coupling of the Monte Carlo method, the acid wormhole propagation mathematical model considering
the existing of natural fractures is established. By adjusting the parameters such as azimuth, density, length and connectivity of
micro—{ractures, the effects of its spatial distribution on wormhole propagation is studied. It is found that the existence of natural
micro—fractures will reduce the pore volume of acid invasion into the cores, which greatly affects the optimal injection speed and
acid—liquid dosage. Natural micro— fractures with high density can form complex dispersion fracture networks, increasing the
permeability and production obviously. Increasing the length of micro—fractures can reduce the pore volume of acid invasion, and
penetrate the damage zone rapidly. In the cores contain micro—{fractures with better conductivity, the wormhole will connect the
adjacent micro—fractures in the process of propagation, so as to increase the core’s conductivity.
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Fig.1 Simulation model
IRV ROBEAS AN S phy AN AT 246 0 AR 14 1 2 D
Bz Gy i R e LT R T IR PR i ST
e KWy ey 1E 7 R AL

p =—KIP (1)
' JIai

9 vu=0 2)
ot

K i=e By ;0 AT T A IR P, m/s; K R
HOBER 107 wm’; w NIRIEEE ,mPa-s; P &
71, MPa; & FALBREE ; ¢ BT, s5 U ik VP8 iR
i, m/s A5 x5 ) L R

253 75 R U AR 19 2 b O RO i — 4
MG, oA & 1 S g - 7 F B LB BE A2 AR 7

L1(17,18
%Il JO

W) s vwe)-venve)=kac-c) 3
od _ kk.aa,
T (ktk)p. Y

A GO AL I A B AR B W 2, kmol/ms D 4™



78 RN ST A

10

BRE, ms s kAL TR, m/s ;a0 LB LR AR,
m*/m’; C, 7L B BE [ FR V0 /6 &, kmol/m’ s koA
Jof SR B, m/s s o R IAE J1ER kg/kmol s p kA
ERE kg/m’s

(1) —=(4) Fe[mlFg Bl 7 W ROBEAR R iy 3k
VYRR

B IE Carman—Kozeny L2504 2, 15511835
LI | R TR S ALBREE R O R

K_d {qb(l —qbo)r (5)

Ko (r’)o d)o(l _d))

r,_ | Ko,
T K (6)
a, _ #r (7)

a, Py
A K AR B %, 107 wm’; &, I RIIEFLBRE ;
5 MR FLGEEAR  ms B A5 5 K o A R AR LR
A2 mya, AALB LRI, m*/m®; a0 A 546G LR T
H, m/m’,
i 1 Panga 2256 N U1 25 i R 505 A 30P 1L
FEEFR,

Sh= 2%"’ =Sh. +0.7m " Re"*S¢" (8)
2 v,
D.,=a, D, + b (9)

K Sh A ERAEE DA T A BARE, ms;
Sh. Ry W E A ALAEE s m A LB B 5 LR ELAR Y L
{EL; Re, A FLBRRUBE () BT 585 Se M it 35 R85 D iR
WEAE T 7 o) AT 8 R A o R T LR EE R Y
B AR G T LB 25 44 1) 8

A (5)—(9) SRR R T A RERIA By £L
Bt RUBEAR A

A i T I 14 S TR A SR FH A R iy A, AU 1Y)
LG SESR

Pl =P.,C| =0 (10)

1> 0 B, A IR A B P e DL i

A

P|_ =P, . P|_ =P, (11)
-KaoP =0 (12)
ILL ay y=0.y=n
¢l =c (13)
Wil =0, % = (14)
ox - ’ dy o

A P HEA R TT, MPas LU A DK, m; PoER
RS, 0.1 MPa;n A AT, m; CoR LB N R
SN IR B kmol/m®,

b SCHE S R R B B LY SR AR T
ST s 1) A5 1 2 (1) A o ) 3 20 . 12 SR T
SR BR 25 v ke 45 1 O R 0 O S 88 1
MATLAB A T gt it o8 . Hrb 2w KT
L2253 B REACR F W 5 2257

2 RIRWREEN

BRERER A AH 2 T, AR I A e IR — 4
SRR o AR e X L PRI A TE S 1
— T AL A, {H 35 3 ol ff A A 7R A 1 5 R
FHAESEPRAE = i B g UE R R AT 2 AR, AT
WF 5 K 9R o 224  %of | AL J B 5% 00, 3 5 Monte
Carlo LT —HEREHL R IR I 4E Yy A

X T A RIR AR M I S
BTy WO E BRI AR
T HERETS R HETMMAERR
EI

HA A 3 R R - DB AL /N, W 24 4% 4%
BT A R T A S R
B P AR S RBGIAT IR s @ H BEAL pR £ A BT
BN AR (G 0 5 AR AR s QFE R A b A
R N T 2 43 A 1 2445508 2, 5 A ff BN Fisher
43

ST 1 mx 1 m PR 3 I AR A% AR S gk
W B AR S R R M T A REE T
AR5t RO 1, A R (R 4B K B R R 2448 )5 v
1 AR L 2 P T 2k (181 2) . KIRT 4%
ORI E I RV E AN UE RS S e Sk nesnan
M UL 3.

TE B AR AR AR 2 X AT A A et s B 4
BIHEA TR BIAb R, A X 2% R G5 B A R AR
S IRAT IR D IRAIE . A5 3 KSR M 4k fir 2t i A K

— \\/4//_/— oy Y ——
”\\>/\ = >:<_ =
~N ~ — <4 ;\‘ ——
= == - =
oD | =T
1 = S5 T s
a. ML AE b. MU AR S A
e EE N A /A
PN VE %\\\i S
\_/'[// — /\ | Q = Y
WA, )}'/ < |
N Y R
AR N
. MU T8 S Z KL d. IR SRR

K2 RS RREELL

Fig. 2  Fracture traces under different parameters
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Table Parameters of random macro—fractures
i BEAKUn  BK(L)/m J5AAI(°)  ALm o Aa/(°)
1 100 0.1 0 0.01 30
2 100 0.1 0 0.09 30
3 100 0.1 0 0.01 90
4 300 0.1 0 0.01 90
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Fig. 3 Analysis of random fracture density
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Fig. 4  Porosity distribution of discrete micro—fractures
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Fig. 5 Histogram of porosity distribution
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Fig. 6 Effects of micro—fracture on wormhole propagation
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Fig. 8 Wormhole propagation under different fracture azimuth
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