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Abstract: This paper proposes a technique to increase the sweeping volume and penetration of acidizing
fluid in the fracturing of carbonate reservoirs, to realize non-uniform acid etching on rock surface in frac-
tures, and to improve the conductivity of acid etchings, multi-stage alternative acid fracturing technique in
carbonate reservoirs. After the mechanisms of multi-stage alternative acid fracturing were investigated,
fracture propagation rates in pad pumping, the type of prepad and the injection parameters in the alterna-
tive acid injection stage were simulated and optimized using the hydraulic fracturing simulation software.
Fluid flow simulation and acid corrosion experiment were carried out, and alternative injected fluid systems
were optimized. Simulation and experimental results showed that 70% of designed fracture length is crea-
ted at the high-speed fracture increasing stage. This stage could be taken as the optimal fracture creation
stage of the prepad followed by multi-stage alternative acid injection. During the multi-stage alternative in-
jection of gelling acid, fracturing fluid, gelling acid and crosslinked acid plug, the sweeping area and uni-
form distribution of acidizing fluid in fracture could be improved by increasing the injection rate and the
viscosity of displacement fluid in each stage and alternative plugs, while decreasing the injected volume of
displacement fluid in each stage gradually. The research results would provide a theoretical basis for the ef-
ficient acid fracturing of carbonate reservoirs.

Key words: carbonate reservoir; acid fracturing; alternative injection; {racture parameters; orthogonal
simulation; stimulated volume
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Table 1 Simulation results of fracture propagation in different injection stages
ANFRFEARE T EANR T MER/m
o HeiE/ PRE G B B FAB R B B 08 1 b B % % %
K (m + min~ 1) Eompr B o A2 8 o s %% i B MsVo Mo M o
60 m® 120 m® 180 m® 240 m® 300 m® 360 m® 420 m® 480 m® 540 m® 600 m®
2.0 64.0 84. 2 99. 8 110. 8 120. 1 127.9 134. 2 140. 4 146. 6 152.9 65. 3 22.4 12.3
IS
f ﬁi 3.0 71. 8 92.0 106. 1 117.0 127.9 137.3 145.1 152.9 159.1 165. 4 64. 2 23.6 12.2
JEE 313
4.0 74.9 96. 7 112.3 124. 8 135.7 145.1 154. 4 163. 8 170.0 177. 8 63. 2 23.7 13.1
2.0 64. 0 87.4 106. 1 117.0 126. 4 129.5 131.0 135.7 140. 4 145. 1 73.1 17.2 9.7
hEh
. 3.0 73.3 99. 8 117.0 120. 1 123.2 127.9 134. 2 140. 4 143.5 149. 8 78.1 11.5 10. 4
i3
4.0 81.1 109. 2 113.9 118. 6 126. 4 132. 6 138. 8 143.5 149. 8 154. 4 73.7 16. 2 10.1
2.0 74.9 93.6 106. 1 117.0 124. 8 132.6 140. 4 148. 2 154. 4 160. 7 66. 0 21. 4 12. 6
=
[_JA, . 3.0 76. 4 95.2 109. 2 120. 1 129.5 140. 4 148. 2 151. 3 154. 4 160. 7 68.0 24.3 7.7
JEsE3IlY
4.0 76.4 96. 7 112. 3 124. 8 134. 2 135.7 145.1 151. 3 156.0 160. 7 69.9 20. 4 9.7

PE I R I 7 SR ST

22.°0 %% s TERLLE GG G0 B Be . IR 15 22 it 4 4 K
PMESEIN T 12. 6 00, v 66 e 24 ¥ 3t 4 S A 4 (L 99
T 10 1%, m A R R G Ky m T
10. o/o HI DL AT DL . 3 b T 28 94k 249 7 28 4 Dk 16 i
W B it 48 2505 B g o 2 ) BB TR RO IR SR TE A, 2
BESEAP AR Wt . DI, R AESER FEH R
TE 2P T B B 58 B o 48 1 PR S By Bz /Y
JE B A A T SR B BE 1 B B R R SR T AR
TR B A AL R B PR IR 2 4% 78 70 9 R SE A, 35 2 T3
2T W, SURE 0 B R R S 58 TN TR AY I

112 [l B8 L il
2.2 HIERISEREME

3 b VAR AN ) 2 T i B 14 4 o 4D 45 2R L

PELo dr L Al fE TR A TR A 2R T R R
WRE L S S 1 B TR R R 20 A B

B R, SR P S N B Be i 3 b R S 4
FERCRBI LS R L& 2, m & 2 BT R R R
mﬂ‘]é@(?i@ﬁémﬁﬂiﬁ(éﬁ%m)ﬂim,ﬁ{AIE':F‘%EIT
W RF R E SR, 3 MR AWML R
PR H AN B B 11 3 A ORI A R ULEL 3, A
sT’ﬁJ R 24 0 6 B X N T4 4% 4% K SE i 52 I AN

AR B S, 7 R VR A B B 3 R Bh R e 2 4
K U B IT , v R s 2LV I T v R 2L RN

IS4
7

B ZOM . A I, 3 T e SR R7E TR R I 5 B B 2
TR XF S B i B TE B S A T AT AR BUR 25 5

T AE S e S A A 0 R T TR HE AN AT 25
PRI 3 R )2 R R IR T T 2R Y 4
T A A B e TR £ e TR 0 Ok D Kl

B B R A T 9 Be AN B2 1 4 I B B i 4

HER 5T BERME.

400 [ =i L fE2 w7/ min) —s— 5 B TR HECHE RS m? /min)
180 |-~ F R E R4 m?/min) —e—tfr G TR R m?/ min)
=i JHE R CHE RS me min) —e— b BT SR CHE b4 m*/ min)
160 - —e—ERE R 2 m?/min) —e—{IGHETE RS m?/min
1% R SLHECHE St m*/ min)
140 _
_ 120}
= 100+
B gof e - R
l ,4'!///
= ———
20}
0 120 180 240 300 360 420 480 540 600
e fik/ m?
B1 3#HERBEARAREINBENESTLBER
Fig. 1 Fracture height change in different injection sta-
ges with three fracturing fluids
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Fig. 2 Fracture width creation efficiency of fracturing

fluid in the rapid increase stage of fracturing

length growth
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Fig. 3 Fracture length creating efficiency of fractu-

ring fluid in the rapid increase stage of frac-

turing length growth

S PR R A A 2 T R4 TP A s g 7 A R L B A
S 2 AR Bl B — e SE TR R Gl il TR
T3 A8 2 ) SO 17 0 RV AT W 2 7 38 ) A I L T o B
Je 24308 Clan BICJSZ 52 19 T 2890 55 ) 19 s 24 g 1o JU) AR 38
G, ANBEIL B e I PRI ST B 5 A P, Al A AR
Joh e 4 TR0 F) s o o SRR A L S BRLAT AR 4 T
ONEN RN SN ) S o ST RN S iU EVE 8
AT 8 R R R SR TR Y. 53 Ah R AR B
Je 2400 PT LA R AR A 790 JH 4, DA T 3% P T SR8 9800 i
J2 9 3 T B % 4% S Y BE 1 1 W) L L B AR IR 2
BORA .

7RI T R R P B B AR SR T ) I R SRR
G RR AT AE RN 8 B2 2, 23 T IR W 1 28 v T I
IR AN S RBE TR T IR 0 22 ok e B A v L T R
PR 221 R B AR R AT AP TR A SO Xl it
BUERINEBAL T S AT ROT R 1 HREL T 7
TBE AR 7 58 2 S R4E R RE 1 N R 2T
(8000, Jr5E 3 J Rk LF ARSI RE 1 0 T AE R
6020, J7 5% 4 N REE RS U AE 1O R 2 Y
40907758 5 R 4E BB IR AE 1 N T R IR
200) T BR b A0 B X 7= i B R e, A5 SRR W] R4 b
A0 221 ot e JRE AR T A R ™ B2 W) R e P 2R s B
P LRI AR ) TR RS 3 4F Rt ik
ZRER S5 1AL r R 2 KRS 3 4E R
FEAR 8260, 77 % 3 IS 3 4F Rt/ Rk 2000, 07
4R 3 AR R 3100, 7R 5 RRR 3
SRR AR 4300, BT LA, R AT 24 AL 16 38 [
PR3 A B 2 TR R A3 S 7 OR

PRLIK 7 90 R s A P O T 7 R et 2
TEGN ) b 10 220 13 B T AR T 2R B R W R A T

ST AL PR —T5 T FR R A BIL 23 E BT B AR A
B G FIT IV P10 R 5 ) I AT R e S L 22 Bl 5 75
—J7 1T, n] RAB 1k R 5 R DR A PR i 2R Y v
PR B L DA 52 ) SR8 R RE T 9 R BT ot

3 EEAWMIERMAL

3 e ) R R L R TR N S R R A 3 P R VR (T
5 B ELVEREFR AR LR 2) R AFCS-845 2 1t ¢
B S WAR S IR IS R G AR IR E 140 C TR A E
20 mL/min B9 55 F , F 47T S BR R | ER R + 3¢ BE TR
B IE RN B R -+ 22 R TR B ZE 45 3 R VNS B VT 1
A JEBRE B R TR TR, O SR T = 4R B A AN
XoF 65 Tl J B A AT = e R A R AE L
SR VE ] 60 min . £ B2 F1 A8 B R B 2E i 1
ABFE 4351028 30 min . i 5 B2 1 52 5K R B 2E 1Y 78 A
i [E] 4351024 30 min,

*2 BREHREMEEIER

Table 2 Formula and performance index of acidizing fluid
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Fig. 4 The effect of the alternative injection rate of displacement fluid on acid concentration distribution along fractures
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