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Abstract ; Three dimensional (3-D) simulation of wormhole propagation is crucial for predicting stimulation effects of
acidizing or acid fracturing in carbonate reservoirs. This paper presented a 3-D multiple-scale wormhole propagation model
built based on the double-scale model,and its solving details. Meanwhile , geological modeling method was used to estab-
lish the geology model of porosity correlation distribution in 3-D space ,which deals with the saltation of porosity success-
fully and makes the simulation results more realistic and reliable. Through the simulations, we found that the injection rate
is the key factor affecting wormhole patterns. With the increase of the injection rate, five dissolving patterns may be ob-
served ,namely face dissolution, conical wormhole ,dominant wormhole , ramified wormhole and uniform dissolution. When
the convection and dispersion are comparable,the dominant wormhole may form with a thick root and a thin tip. The do-
minant wormhole propagation can be divided into the following successive four stages,including competition stage ,domi-
nant stage , breaking stage and broadening stage. Most importantly, we found that the wormhole propagation pathway is
highly correlated with the spatial correlation of porosity,since the wormhole breaks the core through those large pores with
well connectivity. Finally ,the field simulation results verified that the models and methods proposed in this paper are fea-
sible and reliable for wormhole simulation of acidizing and acid fracturing in carbonate reservoirs. Those works could pro-
vide theoretical support for fine simulation and prediction in the relevant research areas.

Key words : porous medium, acidizing wormhole ,3D simulation ,numerical model, carbonate rock , EOR

KA SRS R AR A IS R AT L 3 kB i AR ™ SR, 4L RO B A4
G308 FORRSEARY - i I 1l TR k| 61 0 S 7 ) #%ﬁﬂi SHYYERAL S OB, R AR IR R T LRI
FURE A o AL T MR BRI VESER AT A R S ) AL S AT O A B R

I D BRI T LB A S0 & 3 R sl Wi DRTERRIR #h s il IR IR AL it R AN 5 ml 4%

W Hs B EA:2015-09 - 09 ;1&{T H A :2016 - 08 - 20,
FE—1EE RN AT (1988—) , B T os A, K2R fL . E-mail : xuehengbbe@ gmail. com,
BEEWA: K ARBFEGTH (51474182)




%5 1

BE M, A RIRER A 2 RUBE = 2R b 5] FL 7 A SEE fip 3 A4 793

SR (HE s SRR M B A2 5 55 ) X | FL A A (9 52 il
[Fi) P, 87 SHE B S A Aot AN AT 42 2 50 ()2 0 T 32 A
RS ) Xt 5| L AE A Y FE  . MeDuff 25 A JF &
TRREAR RS I AT 0B s £L S 5 i 5%, 5 LA
TELAER B 50 5L g AN [R] % 52 3 Wt 58 S A 5 IR A% 5
PR AB S ) R, o T S B A A B T AL
WFSE 0 S0 A4 1 2 B AR AR M 2 N B 1 42 1
TG B, 1k SEBR TR R, 227 5] £L
MR ARARHE o e, Buijse'™ il Gdanski'™ 4
B P RO R SR L E A TR, X5 S PR AT
ASREEAIR, 1 Fredd 1 Foglerm‘ Hoefner FI Foglerm
P A O 28 AR, LA AUL 25 2R B S 2 SR AT A 22 S 8K
Ko GRIPIFECAIRA L, Panga"® %548 H A9 0L EE R
FERRY G AT MR AR T LM S5 A T IR — 5 S 3l ) %
RAEFEF 241 EE, 2007 4F, Kalia 1 Balakotaiah"*! 7¢
Panga'* AF LR HfE 3 T AR A B B 9 7 16 30
(r— 07710 ) X RERIRL,

XU RO A Bl R 4 i J 2= 484 7 G T 5 s
HARE T IZE S RE, 4 Liu P4, Liu MM
4 Ratnakar' "> 25 il Bulgakova ' 257 HIELRE PR T
TRV ARG 8 A 2R 4 % 1) R A B 59 5 Ziauddin ) 45
Kalia"*"" 4 Tiu M"'*"7" 25701 Tagec' "™ 4 15 HLAERE LA
FE T IR B ZBERVRR TR EL A B h YR — 5 i 8l S b
BLER, SR, E NAMIFSE H 324 R 7EfL B R o i
YU b A S A HE T I R
BB S HAE = A3 (8] b ) AR AR (5 AR AU 25
R IBRGIRAFAER IR 2 AL S AR AR B
PGSR L SC I A5 R, LB RUE S 5L RIE A
Zr i EE, I SCHE S 17 2 R = 4elfLy-
AU I A T B SR v s R TR T =
AERR Pt LT ARSE RIS IR BB

1 2R = i) £y JR A 7 A

4% Panga ™! 45 52 th ) U R AR S &
RUBE = et L AR B S F - DR A A B %
GONFLIA T, 20 B8 R LI 5 QFL I 1 A 14 b
HA 28 ARG s @B AT 43 B — IR A5

1.1 ATHRER-SRIRNNEARESTRE

RS T S R

U=—£Vp (1)
Mgy

P vy =0 (2)

a1

AU W m/s K R 0BiEAR 107 un’ i h
AN, mPa - s;p HIE S, MPa; @ HFLEEE, % ;

¢ RIFTE] s 5 VARE BESEAT
TR BRI AL BT A I SO (440 o VA 7 A
a(PC
7&’() + V(UC,) (3)
= V(®D,VC,) - k,a,(C; - C,)
FHIRLLB AR H AL BT SN Y Jeg -1 7 A
k.a,(C; - C,) = R(C,) (4)
AR LB RE AE A 1 A 7 A
aaigtp _ R(C;)ava (5)
2 : C; R ALBR P FRRRVE R R e B, kmol/m® 5 € R FL R
RE RIS e kmol/m™ s D RV i J7 [l A A %K
PHUREL /50 KR 2,y B2k, AL, m/s;
R(C,) Ry B AT 3 B B P s B2, R (C,) = k.C.,
m « kmol/ (s + m") sk, SRR BE , m/s; o SRR TR AT
ThAET)  ke/kmolsp, Frd A1 % kg/m’ sa, R HL KRR,

2, 3
m/m’

1.2 ATHREAMEETUHRURERR

AT BL B A o b Y A ) B BT R AR
A%, Garman — Kozeny BiR1Z5G ) T fLBRE (B & LR
AT FIFLIE A2 R O AR fE S 2R
K _ g[da(l —<p0>]2ﬂ
Ky @&l (1 -@)

no_ ﬁ Py

ro NK®'a,  @r,

K@y HADIRIRFLBE , % K, e DR IEB 3SR,

107 wm? ;8 K i S AR B FE 50, TG s r, S FLBR K

7 mir o EHAFLEREAR s, SRR LR TR, m?/m’
Panga'* S5 1 T AL BRI k, 55 fhAEER ] Y 3¢

RO HHAR D7 ) B3 B R AT

2k r 0.7

(6)

Sh = == = Sh, + m]/ZRe:,/ZSc1/3 (7)
27,1 U
Dei = aust + . ¢ rp (8>

A Sh 9 S5 (8%, JCIIR 5 Sh, il itk & (h 8%, 0
P m Ry LB B 5 LI AR Y LA, DI Re,
LB RUBE 1) 7 v B, JE PR UK s Se Sy it 85 4 £, JE A
Ui D, RO F R WARE m™ /s34, Fy BT LB,
BRI, TEIRIU 5 o, h R T LR &4 114 3 K, T I
K (e, =1. 0 FORERABTIR) o

1.3 WasBmiaiREs

L =0 IWFEOPIA 1
P ‘ ithe - pa;C[ ‘ x,¥,2 = O (9>
£>0 BE IR SR



794 5 K KA MR 837 %
N A
ap :
Qi = ;}Qi;g‘xzo,m =0 X am
= (10) l[l_‘)}
— ap _ | ]0'85:
Pl _y TP =0 0.75
= 0z |, 0..-k [ 0.65
>0 BV IE 0is
035
C, ‘ = C?;a—c' =0 B o5
r=0 9x |, _y 0.15
’ (11) 0.05
G =0, =0
0% izou=m 02 120,02k I 2 RISCRBaR AL AR

A p, ARAUETT, MPa; Q9 TR , mL/min; Q
S O AT S A PO A R A () T R S, mL/min; €
KA FIAL BRI B R, kmol/m”* s M, N L K 35510
y F1 2 J7 [ b A R K, TR PR

2 BUARRRIR Tk

T SETRATTA M BT A AR Ny T LB R HA S
B SCIR P ) = 4EREDL /AR (I8 1) 0w,y 1 2 J5[n)
1 AR B4 R 60 x 30 x 30, R 5FR 5 em x2.5
em X 2.5 em g0 T 4 LR R 1203805 2255 00
0.2 x107° pm® F10 x 107 wm®, i T4 =4uk5 404k
I ACHR B BUE SR 2 AR w52 22 0, THE T AE
FERTAE B R, ATFI B X 22 s 7 A (2) A
A (3) IR AT A TSR 2R A T i A SR A

F(2) B gt T R

SS;j4Pijiy + AA P + BB P+

ikt i ik
CC 4Py + DD, Py + EE (P, + (12)
WW. il = (M)
pS i’j,k
Hrp
SS.., = Kl]ik% o ﬂ
i,k /.LAZ/;AZ/(,% i,k MijAyF%
KFL ik K”L .
T A A e
. ’LLijAyH% bk /.LAZ,CAZH%
cC, ., =- BB, + 850 + WW,

i,k

+ EEL._].,,C + NNi’j’k + AAi,j’k
N (3) BEEUE I O R
SSi,j,kC?,;,]k—l + AA:]kC:L;llh + BB',_f,kC;ljll,j,k +

i

n+l n+l n+l
CC,,;,C/ + DD, CLy s + EE G+ (13)

ik L)k i kil
b
n+1 _ i,j,k ~n
WWi,j,kCi,j,k+l - At Cfi,j,k

Forp TR (13) 9 2R Bt A A
R AP 1377 s B R 5 (AN g ik
J& fLBUE BB R ) T BA QI R PR AR L

Fig. 1 Spatial correlation porosity distribution model
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