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1. Wormhole Propagation
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Introduction

The permeability of the near-wellbore areas has a
great influence on production performance in oil
reservoirs [1]. However, many factors such as fine
migration, mechanical skin caused by drilling bit,
asphaltene deposition, and so forth may damage these
areas and decrease the well productivity index [2]. In
these situations, acidizing can be a practical approach
for well treatment purposes. In sandstone reservoirs,
dissolution of the deposited debris and achieving a zero
skin factor can be a favorable achievement. However,
in carbonates, the ultimate goal of acidizing is the
propagation of wormholes that bypass the damaged
area and guarantee to have a high production rate [3].

The models that are developed for the prediction of
acid flooding in porous media can be classified into
four groups, namely semi-empirical [4], continuum
[5], mechanistic [6], and geochemical models [7].
Continuum models can provide acceptable predictions
for core-scale simulation of wormhole propagation.
However, they require a high computational cost,
and may not be proper for simulation of a filed-
scale acidizing process. On the other hand, the semi-
empirical models are computationally fast and can
provide acceptable results. Therefore, these models
are usually used for prediction of field-scale acidizing
processes.

Accepted: August/22/2021

Many studies have investigated the core-scale
simulation of acid flooding in carbonate rocks
and creation of wormholes in different conditions.
However, there are limited studies regarding the field-
scale simulation of this process.

In this study, the injection of weak and strong acids
into a damaged well located in the south-west of Iran is
simulated. Several sensitivity analyses are performed
and optimum flooding rates are provided for different
acids. Implementation of the proposed acid flooding
scenarios can contribute toward the highest reduction
of skin factor.

Materials and Methods
Well and Formation Specifications

In this damaged well that its acidizing is simulated in
this study, there are three perforated sections in two
different hydrocarbon layers. The layers are composed
of calcite, and skin factor of the well is 4.93. Rock,
fluid, and well specifications are provided in Table 1.

Results and Discussion

Our simulations indicate that it is probable to
implement optimized acidizing operations in the well
that is studied in this research.

Sensitivity Analysis
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Table 1 Well and reservoir specifications.

Parameter Layer 1 Layer 2
Porosity 8.3 12.6
Permeability (mD) 10.2 12.1
Fracture Pressure gradient (psi/ft) | 0.7
Well total volume (bbl) 480
Oil viscosity (cP) 2
Temperature (°F) 265
Oil density (Ibm/gal) 6.89

Sensitivity Analysis

Several sensitivity analyses are performed to clarify
the influence of type, volume, and the injection rate of
acid on the final skin factor of the well.

Figures | and 2 represent the finial skin factor after
the injection of formic and acetic acid with different
flow rates into the first perforated section (i.e., 14045
< Depth <14134 ft). In these flooding scenarios,
injection of 500 to 5000 gallons of the acidic solutions
with the concentration of 12 wt. is simulated. The
vertical dashed lines in these figures indicate the
maximum injection rate that the reservoir rock can
tolerate. Higher flow rates are not allowed because of
the possibility of formation fracking.
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—— 2000 gallon
—¥— 3000 gallon

= = 4000 gallon
— . 5000 gallon —

Final skin factor

—h
2 Fod X
\r _—— = - — - —_ -

3 5 ‘ ‘ , |
0 1 2 3 4 5

Injection rate (bbl/min)
Fig. 1 Final skin factor after the injection of different vol-
umes of formic acid with various flow rates.
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Fig. 2 Final skin factor after the injection of different
volumes of acetic acid with various flow rates.

As it is indicated, the graphs of the final skin factor
versus the flow rate have a minimum point. This point
indicates the optimum condition for acid flooding in
the carbonate porous medium.

In the same flooding scenarios, the final skin factor
achieved by the injection of formic acid is lower than
that achieved by the injection of acetic acid. This is
because of the higher ionization of formic acid in com-
parison with acetic acid, and its faster reaction rate
with the calcite mineral.

Acidizing in the Three Perforated Sections

Coiled tubing is used for acid injection into the three
perforated sections. In these scenarios, the critical flow
rate is 1.8 bbl/min, and the acid injection rate should
be kept lower than this value. First, the optimum injec-
tion rate of acetic acid (1.2 bbl/min) and formic acid
(1.7 bbl/min) are obtained through simulating the in-
jection of these acids with different flow rates. Then,
the amount of the production enhancement as a result
of the 1000 gallons of hydrochloric acid (Q=1.8 bbl/
min), acetic (Q=1.2 bbl/min) and formic (Q=1.7 bbl/
min) acid flooding are predicted.

Figure 3 indicates the cumulative production rate
versus depth before and after acidizing. In the dam-
aged well, the production rate was 0.2 bbl/min for the
bottom hole flowing pressure of 5500 psi. This value
increased to 0.37, 0.35, 0.31 bbl/min after the injec-
tion of 1000 gallons of hydrochloric, acetic and formic
acid respectively. During these simulations, the coiled
tubing was moving upward in order to guarantee the
uniform distribution of acid in three sections.

14045
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Fig. 3 Overall production rate versus depth before and
after hydrochloric, acetic and formic acid flooding.

Conclusions

The results of this study indicate that there are optimum
flooding rates for field-scale acidizing processes. In
other words, injection of acetic acid, formic acid, and
hydrochloric acid in their optimum injection rates result
in the highest possible reduction of the skin factor.
Hydrochloric acid has the highest, and acetic acid has
the lowest optimum injection rate. This is because a
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strong acid (HCI) reacts quickly with calcite. Therefore,
its slow transport in porous media will result in a face-
dissolution pattern that decreases the efficiency of the
acidizing process. On the other hand, a weak acid (ace-
tic acid) needs more time to dissolve the calcite mineral.
Therefore, the residence time of weak acids should be
higher than HCI, in order to guarantee the creation of
high permeable flow paths.

It is shown that the use of coiled tubing can help to
achieve a uniform distribution of acid in different lay-
ers. A proper design for moving this tool can increase
the possibility of lowering the skin factor in all of the
layers during multi-layer acidizing. According to the
simulation results, injection of hydrochloric, acetic and
formic acid in the determined optimized condition can
result in the increase in the oil production rate from the
primary value of 300 bbl/day to 544, 511, and 441 bbl/
day respectively.
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