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Introduction

Acidizing operations in carbonate reservoirs make it
possible to improve permeability in addition to creating
a passageway in the damaged area around the well.
The first observations and descriptions of hydraulic
fracturing were made by Stoesser and Grebe in 1935,
who used acid to stimulate the oil well in the carbonate
formation [1]. It was shown by Anderson in 1987 that
the hydraulic conductivity of the sample decreased as
the sample confining pressure increased by designing
experiments with a specific flow rate [2]. Bazin in 2001
conducted laboratory studies to determine the optimal
injection rate through the interaction between 15%
hydrochloric acid and limestone. In these studies, it
was observed that the optimal injection rate increases
with an increase in concentration, temperature and rock
permeability [3]. Zhang et al in 2020 experimentally
found out that the rock mechanics properties change
a lot after acidizing clean acid and gelled acid. Gelled
acid reduces compression strength and Poisson’s ratio,
but clean acid decreases tensile strength and Young’s
modulus [4].

Materials and Methods

Acidizing experiments on reservoir samples were
designed for laboratory study of how these parameters
affect the permeability of carbonate formations. These
steps are divided into two sections: "performing
experiments" and "analyzing the results" (Figure 1).

Accepted: November/10/2020
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To do this, six carbonate cores with a diameter of 1.5 in
from one of Iran’s oil fields were prepared.

The selected fluids were 15% hydrochloric acid and
water. The XRD was also used to determine the
percentage of minerals that make up the cores.

Prior to the destructive acid testing experiment, a
series of non-destructive tests were performed to
determine the physical and mechanical characteristics
of the cores.

In order to monitor the effectiveness of acidizing
operations during the experiment, permeability
was measured in two stages, including before and
after acid injection. For this purpose, the SP model
core drainage device located in the stone and fluid
laboratory of Shahroud University of Technology was
used. Confining pressure is applied by a hand pump
to supply pressure to the core. After balancing the
fluid pressure before and after the core, the amount of
permeability can be calculated according to Darcy’s
relation, as presented in Equation 1 [6].

K. A.AP=Q.L.uw (1
In this regard, L is the length of sample A, (ft) of
cross-sectional area (ft?), uW of viscosity (cP), Q (bbl
/ day) of injection rate, Ap of pressure drop (psi) and
K of permeability (mD). After initial flooding, the core
drain was tested in an incremental process at confining
pressures of 725 psi, 1450 psi, and 2900 psi. Finally,
the results were compared comparatively in the two
sections before and after the acid test.

Results and Discussion

Due to the same testing conditions for the cores, with
the change in injection flow, the amount of pressure
applied to the samples also changes. In this way, the
pressure changes in each sample (in the low to high
pressure range) can be properly observed. Examination
of'the results shows that an increase in core permeability
is acceptable in all of them. But in three samples, 1, 2,
and 6, the effects of the wormhole structure are clearly
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visible. In the other three examples, this Structure is
either not created or is hidden, incomplete, and weak.
These are also clearly seen in the CT scans of the
cores after acidizing. A noteworthy feature of the three
samples 1, 2, and 6 is the pressure drop diagram for the
two ends of the core over time. In the case of sample
1, which corresponds to the injection dose of 3.6, the
pressure drop occurs in approximately 300 seconds.
In the case of sample 2, this happens after about 900
seconds, and in the case of sample 6, it occurs after
about 360 seconds (Figure 2). Therefore, the injection
conditions are more suitable than the 2 samples
according to the program implemented for both
samples 1 and 6. However, if the rate of permeability
increase for each core is also calculated, a suitable
criterion for comparing the results with each other can
be achieved (Table 1).

For this purpose, mean values can be used to calculate
the primary permeability and the secondary (Table 2).
In addition, the effect of acid in sample 6 is not limited
to the formation of wormhole cavities, but the positive
results of CT-scan in Figure 3 show that compared with
similar structure compared to sample 1, the density of
the space around the main wormhole has been greatly
reduced.

Also, according to Figure 4 and the analogy with the
similar structure created in sample 5, the length of the
sample is much less damaged due to acid leakage, and
the wormhole is clearly formed in it.
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Fig. 2 Comparison of the effects of acid infiltration in differ-
ent injection rates.

Table 1 Comparison of the average permeability cores before and after the acidizing.

Average permeability
No | sample Injection rate (cc/min) K2/k1
k1 k2
1 2957.86 3.6 1.44 411.26 285.59
2 2980.55 5.8 3.18 169.85 53.41
3 2720.18 8.1 396.05 447.07 1.13
4 2685.39 104 32.98 116.50 3.53
5 2712.19 12.7 35.50 888.82 25.04
6 2691.66 15.0 0.78 416.58 534.07




