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Experimental research on growth mechanism of acid wormbhole in carbonate matrix
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Abstract: Matrix acidification is one of the important measures for the stimulation of carbonate reservoirs. The studies on its
formation regularity and influencing factors of acid wormhole are the basic theories of carbonate matrix acidification. An orthogonal
experimental scheme considering three factors of acid injection rate, acid concentration and reaction temperature was designed.
Acid displacement experiments were carried out on the cores taken from a carbonate reservoir in oilfield A. The influence of the
factors on wormhole shape was studied by fractal dimension and multi-fractal spectrum width used as the target parameters. The
optimization goal is to try to ensure the minimum width of multifractal spectrum while obtaining the maximum fractal dimension.
The results showed that in the range of factor values, the optimal combination of experimental parameters for wormhole shape was
when the acid concentration was 20 %, the temperature was 50~70 °C, and the acid injection rate was 2 cm’/min. The factors
affecting the fractal dimension and multi- fractal spectrum width were in a descending order as: acid injection rate, acid
concentration and reaction temperature. Therefore, the optimization of the acid injection displacement should be emphasized in the
design of the construction parameters of carbonate matrix acidification.
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Table 1

A4S HAMmm K/ mm LB BEFRN07 um’
1-1 25.1 30.2 0.233 19.5
1-2 25.0 30.0 0.217 21.1
1-3 25.0 30.4 0.221 21.2
1-4 24.9 29.8 0.223 20.4
1-5 25.0 29.8 0.219 21.4
1-6 24.8 30.1 0.242 18.0
1-7 25.0 30.3 0.240 18.5
1-8 249 30.3 0.239 18.3
1-9 25.1 30.5 0.226 20.5
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Table 2 Factors and levels of orthogonal experiments

B BRRIEY%  ROSIRE/C R/ (em’ min™)
KFE1 20 90 2.0
k-2 15 70 1.0
K3 10 50 0.5
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Table 3 Scheme of orthogonal experiments

HOHT BRBRIE % RNGREAC R (om® min)
1-1 15 70 2.0
1-2 10 90 1.0
1-3 15 90 0.5
1-4 10 50 2.0
1-5 20 50 0.5
1-6 10 70 0.5
1-7 20 90 2.0
1-8 15 50 1.0
1-9 20 70 1.0
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Fig. 2 X-ray scan of experimental cores
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Table 4 Calculated fractal dimension and multi—fractal
spectrum width

L PRI SOV TERRERY RS
iy W% JEC (em’min™)  AME4EE ZEMEREGEE

1-1 15 70 2.0 1.294 0.495
-2 10 90 1.0 1.215 0.563
1-3 15 90 0.5 1.116 0.592
-4 10 50 2.0 1.325 0.517
-5 20 50 0.5 1.267 0.514
-6 10 70 0.5 1.203 0.582
1-7 20 90 2.0 1.312 0.516
1-8 15 50 1.0 1.277 0.489
-9 20 70 1.0 1.381 0.471
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