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Multifactorial experiment of acid s fingering phenomenon in the multi-stage alternating
injection of acid fracturing
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Abstract: The evolution characteristics and the final shape of acid viscosity fingering are influenced by many engineering and geo-
logical factors. So that, we used the visual experimental device to explore the change rules under the multifactor. Six factors were
considered, those are the concentration of acid, the injection series, the temperature, the construction displacement, the viscosity ra-
tio of the liquid, and the inclination of crack. The fractal dimension and multifractal spectrum width were used to describe the mor-
phological of fingering. It is concluded that the influence degree of each factor on fractal dimension from high to low is in the order
of: viscosity ratio, injection series, temperature, acid concentration, construction displacement, and crack inclination. The influence
degree of each factor on the multifractal spectrum width from high to low is in the order of: viscosity ratio, crack inclination, con-
struction displacement, acid concentration, injection series, and temperature. In order to achieve the viscosity fingering of acid frac-
turing, the viscosity ratio should be increased to the value between 100: 1 and 150: 1, the controlled injection series are at level 2 to
level 3, and the designed acid dosage is about 0.3. Meanwhile, a large number of pre—liquid was injected to reduce the crack wall’s
temperature before the acid injection.
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Table 1 Characterization parameters of fractal feature of acid fingering
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Fig. 1 Device diagram
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Table 2 Parameter transform results
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Z4HE Y fmm 5 1
S5 FE /m 50 33
FUBER JE /m 100 1
TR/ (mPa-s) 10 ~ 250 10 ~ 250
TR EE | % 15~20 1~5
TR/ (kg-m™) 1050 1050
SRHER/ (m® - min™) 3~7 45 ~ 105 mL/min
SRR E/C 150 30~ 90
LAY (FL/m) 16 15
AL 2~3 1~5
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Table 3 Test scheme design

M e B b e PP
SR 1 150 30 40 20 1
S 1 10 45 50 40 2
Sz 1 50 60 60 60 3
sS4 1 100 75 70 80 4
BRI 200 90 80 100 5
6 2 150 45 60 80 5
ST 2 10 60 70 100 1
S8 2 50 75 80 20 2
S92 100 90 40 40 3
S 10 2 200 30 50 60 4
S 113 150 60 80 40 4
S 123 10 75 40 60 5
SCEY13 3 50 90 50 80 1
S 143 100 30 60 100 2
S5 3 200 45 70 20 3
S 16 4 150 75 50 100 3
Si 17 4 10 90 60 20 4
K18 4 50 30 70 40 5
SIHY 19 4 100 45 80 60 1
U204 200 60 40 80 2
S 21 5 150 90 70 60 2
S22 5 10 30 80 80 3
S35 50 45 40 100 4
Sey24 5 100 60 50 20 5
SCy 255 200 75 60 40 1
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Fig. 2 Fingering form of test 4

3 HEAL S

3.1 KEFE

OCHI SR g e 7 X DR 1 AT 4
AL TR, #5325 SR LR I BUEAOE S  OF T
HH AR L B 70 FE 248 JOR 22 TG 36 S B, i R AE A
LA MERHE . KB RN 3 7R , A5 S
e 4 B

i 2 Fil
E] i 3
i I = 3
@ 2 W
5 3 “IE
Hi it ok
WE 5

K3 AbHimfe

Fig. 3 Treatment process
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Fig. 4  Program interface
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Fig. 5 Influence of multiple factors on fractal dimension
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Table 4 Summary of processing results

HE  HAZE HER fiifa/° HREZC i/ (mL-min™)  BRKIRIE, % PBEEL ZEIPEIETTE

FE 1 1 150 30 40 20 1 1.9818 04225
S 2 1 10 45 50 40 2 1.9929 0.366 3
SK] 1 50 60 60 60 3 1.9714 0.369 2
S 4 1 100 75 70 80 4 1.9689 0.3559
FH 5 1 200 90 80 100 5 1.978 7 0.403 4
FH5 6 2 150 45 60 80 5 1.956 5 0.409 7
S8 7 2 10 60 70 100 1 1.9913 0.364 7
S8 2 50 75 80 20 2 1.9877 0.3757
S 9 2 100 90 40 40 3 1.9517 0.360 3
S2HY 10 2 200 30 50 60 4 19122 0.426 9
S 11 3 150 60 80 40 4 1.9627 0.4017
S 12 3 10 75 40 60 5 1.9719 0.364 3
S0 13 3 50 90 50 80 1 1.984 1 0.364 7
SR 14 3 100 30 60 100 2 1.957 4 0.3752
S 15 3 200 45 70 20 3 1.940 7 0.4102
S5 16 4 150 75 50 100 3 1.899 9 0.395 5
SCH 17 4 10 90 60 20 4 1.9937 0.357 5
S5 18 4 50 30 70 40 5 1.978 6 0.376 7
S 19 4 100 45 80 60 1 1.934 0 0.406 2
S 20 4 200 60 40 80 2 1.9336 0.400 9
2621 5 150 90 70 60 2 1.960 1 0.388 6
S22 5 10 30 80 80 3 1.9889 0.3499
S 23 5 50 45 40 100 4 1.974 5 0.3742
ST 24 5 100 60 50 20 5 1.953 1 0.376 7
S 25 5 200 75 60 40 1 1.900 9 0.4102
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Table 5 Analysis result of partial least squares

Al ES HEAYEL L 245N/ WEC HERE/(mLemin™) PRI Y, %
- VIP 0.93 2.17 0.09 0.56 0.21 0.24
I AERL

AR 0.22 0.52 0.02 0.13 0.05 0.06

i VIP 0.12 2.29 0.76 0.02 0.32 0.23
EA IS iy )
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