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IMPROVEMENT OF ACID SOLUTIONS

FOR STIMULATION OF COMPACTED
HIGH-TEMPERATURE CARBONATE
COLLECTORS

The object of research in this work is the intensification of hydrocarbon production. The most problematic task

of the study is the efficiency of intensification of compacted high-temperature carbonate reservoirs. Despite the
gradual transition to renewable energy sources, natural gas and oil will play a dominant role in the world’s energy
balance in the next 20—30 years. Carbonate rocks have significant mining potential, but low filtration properties
require intensification to improve reservoir permeability. High temperatures and pressures at great depths require
the improvement of existing hydrocarbon production technologies. The most popular method for treating reserovoirs
containing carbonates is acid treatments in dif ferent variations, but for ef fective treatment it is necessary to achieve
deep penetration of the solution into the formation.

The study solves the problem of selection of effective carrier liquids for the preparation of acid solutions for
the treatment of compacted high-temperature reservoirs with high carbonate content. To ensure quality treatment,
acid solutions must have low viscosity and surface tension coefficient, low reaction rate, their chemical properties
must ensure the absence of insoluble precipitates in the process of reactions with fluids and rocks, as well as be
environmentally friendly. To select the most optimal carrier liquid, experiments were conducted to determine which
candidate liquids provide the minimum reaction rate of acidic solutions with carbonates. Based on the analysis
of industrial application data and literature sources, water, nephras, methanol, ethyl acetate, and methyl acetate
were selected for further research. Widely studied acetic acid was chosen as the basic acid. Studies have shown that
methyl acetate has a number of advantages, namely low reaction rate, low viscosity and surface tension coefficient.
As well as the possibility of hydrolysis in the formation with the release of acetic acid, which significantly prolongs
the reaction time of the solution with the rock and the depth of penetration of the active solution into the formation.
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1. Introduction

The global strategy for the development of the energy
sector, related to the «green transition», today requires new
approaches to this issue by scientists around the world.
Even with the efficient and consistent introduction of
renewable energy sources in the future, natural gas and oil
will play a dominant role in the world’s energy balance in
the next 20—30 years. In most developed countries of the
world, the issue of providing energy resources for one’s own
needs is quite acute, especially in the case of oil and gas.
Old deposits are rapidly depleting, which requires research
of ever greater depths with significant formation pressures
and temperatures, low filtration-capacity characteristics.
Significant prospects for increasing oil and gas production
opportunities are the possibility of developing compacted
rocks, including carbonate [1, 2]. Operators often do not
see low-permeability carbonate deposits as promising for

oil or gas production due to difficult development condi-
tions. Low filtration properties require intensification to
improve the permeability of the bottomhole zone, but
high temperatures and pressures at depths of more than
5,000 meters require improvement of existing hydrocarbon
production technologies.

Carbonate rocks are soluble in most acids, but the
choice of effective intensification technology depends on
many factors. The main problem for most deep-lying rocks
is insufficient penetration of acid solutions due to low
permeability of the rock. The acid reacts with the rock,
not reaching a sufficient depth to improve the filtration
properties. The high temperature of the deposits causes
a rapid reaction of acidic solutions with the rock [3],
which leads to the formation of deep cavities in the bot-
tomhole zone of the formation, therefore the solution cannot
penetrate deep into the formation and form an extensive
network of channels.
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The most popular method for treating reservoirs contain-
ing carbonates is hydrochloric acid treatments in various
variations, but for treating carbonate high-temperature rocks
with low permeability, these treatments are not effective
even with inhibitors. Acidic solutions based on carboxylic
acids are more suitable for such treatments, which react
much more slowly at high temperatures and do not re-
quire the use of a large number of reaction and corrosion
inhibitors [4]. However, for effective treatment it is neces-
sary to achieve deep penetration of the solution into the
formation and create an extensive network of channels in
the treatment area. The use of water-based acid solutions
is not effective because the viscosity of such a solution
is too high for filtration in a low-permeability reservoir.

Therefore, the urgent task is to develop new intensi-
fication fluids that will effectively develop hydrocarbon
deposits at great depths. The most problematic issue of the
study is the effectiveness of intensification under condi-
tions of high temperature and low permeability.

Therefore, the object of research in this paper is the
intensification of hydrocarbon production. The aim of re-
search is to select effective carrier fluids for the prepa-
ration of acid solutions for the treatment of compacted
high-temperature reservoirs with high carbonate content.

2. Methods of research

To ensure high-quality treatment of compacted high-
temperature carbonate reservoirs, acid solutions must have
low viscosity and surface tension coefficient, low reaction
rate. The chemical properties of solutions must ensure the
absence of insoluble sediments in the process of reactions
with fluids and rocks, as well as be environmentally friendly.

To select the most optimal carrier liquid, let’s conduct
an experiment that will determine which candidate liquids
provide the minimum reaction rate of liquids with carbon-
ates. Based on the analysis of data on industrial applica-
tions [5] and literature sources [6, 7], let’s choose several
types of carrier liquids for further research:

— water — basic (standard) solvent;

— nephras 80/120 — analog of gas condensate, effective

solvent in the treatment of oil and gas condensate wells;

— methanol — widely studied in industry and labora-

tory research;

— ethyl acetate and methyl acetate are science-based

solvents that have low viscosity and surface tension,

and therefore significant mobility in the formation.

The study is to determine the solubility of acid solutions
over time depending on the solvent and the temperature
of the solution (experiment 1).

As a basic variant of acid in the study let’s use ace-
tic (ethanoic) acid [4, 8, 9] repeatedly described in the lite-

rature at a concentration of 20 % in solution with a carrier.
The main advantages of acetic acid are low reaction rate,
which is important for high-temperature collectors, high
stability, compatibility with basic solvents.

Therefore, 5 solutions were prepared for the experiment:

— S1. 20 % acetic acid + 80 % water;

— S2. 20 % acetic acid + 80 % nephras (80/120);

— S3. 20 % acetic acid + 80 % methanol;

— S4. 20 % acetic acid + 80 % ethyl acetate;

— S5. 20 % acetic acid + 80 % methyl acetate.

Investigation of the reaction rate of solutions with
carbonates is carried out on plates of crystallized limestone
with a mass of 2.4 g, with a plate surface area of 8.8 cm?.
The rock samples contain 96 % calcite, 1.5 % dolomite,
1.6 % silicon oxide, up to 0.6 % siderite, as well as minor
inclusions (up to 0.1 %) of kaolinite, montmorillonite,
manganese and aluminum compounds.

Place the plates in flasks, then add to each 9 cm? of
solution. Monitor the reaction rate over time (for 2 hours) at
different temperatures (at 20 °C and when heated to 50 °C).
For each solution and temperature let’s conduct 4 studies
(a total of 40 studies to select the carrier fluid). After a series
of experiments and statistical processing of the results, the
average values for each test fluid are entered in Table 1.

From the Table 1 it is possible to see that the lowest
reaction rate at elevated temperature is in solutions based
on acetic acetate. Therefore, for further research as a carrier
fluid, let’s choose methyl acetate as the most promising.
Conduct an additional series of time-dependent reaction
rate studies (experiment 2) for solutions S1 (basic) and
S5 (promising) on plates of limestone crystallized with
a mass of 2.4 g. Place the plates in flasks, then add to
cach 9 cm® of solution. Monitor the reaction rate over
time at 20 °C. Measure the decrease in sample weight
after one, two and four hours for each solution. For the
reliability of the results, each group of studies is repeated
three times (a total of 18 studies).

The last step was to conduct a series of studies on
the intensity of the reaction by measuring the amount of
carbon dioxide released during the reaction of acids with
calcium carbonate in a carbonate meter (experiment 3)
at a temperature of 20 °C. Chalk samples from the Vol-
cheyar Cretaceous quarry of the following composition were
used: compounds of calcium 97-98 %, silicon 1.2-1.9 %,
iron 0.3-0.6 %, manganese up to 0.15 %; other impuri-
ties less than 0.1 %. The study included loading a 2 g
chalk plate into a closed reactor, and a beaker with an acid
solution (8 ml) was placed in this reactor. After sealing
the reactor, it is inverted, thus stirring the contents. The
reaction of the acid with calcium carbonate begins, the
release of carbon dioxide is recorded by changing the pres-
sure in the reactor with a connected manometer.

Tahle 1
The average values of the results of the study of the reaction of limestone samples with acidic solutions
Solution number | Initial mass of samples, mg Final mass uof the Final mass uof the Decreaseoin mass Decreaseoin mass
sample at 20 °C, mg sample at 50 °C, mg at 20 °C, % at 50 °C, %

51 2400 2218 2005 7.58 16.45
52 2400 2332 2278 2.83 5.08
53 2400 2338 2286 2.58 4.75
54 2400 2347 2309 2.21 3.79
55 2400 2348 2304 217 4

Note: the most promising solution for further research is highlighted in bold
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S1 and S5 solutions were used in the study, and inhibited
hydrochloric acid solution (hydrochloric acid content —
15 %) was used for comparison. In addition, to study the
dependence of the reaction rate on the water content in
the porous medium, the chalk plates in the study of the
solution S5 contained 10 % or 30 % moisture. A total
of 12 measurements were performed — three experiments
for each solution.

3. Research results and discussion

Analyzing the results of studies (experiment 1) on
the selection of an effective carrier fluid for acidic solu-
tions (Table 1), it was concluded that the greatest ef-
ficiency of the solution based on methyl acetate (S5).
First, the reaction rate under normal conditions and at
elevated temperature in solution S5 is the lowest. Second,
the viscosity of methyl acetate is the lowest among the
candidate liquids (0.36 MPas), and therefore the liquid
has better filtration properties in a low-permeability res-
ervoir than others. Third, methyl acetate is easily hy-
drolyzed in contact with water to form methanol and
acetic acid, which will allow to obtain acid directly in
the formation, which will further increase the efficiency
of processing.

Comparative analysis of the reaction rate over time (ex-
periment 2) of the basic solution (S1) with the selec-
ted (S5) shows that the methyl acetate solution reacts
slowly with the rock within 4 hours of the study, while
the basic solution almost completely loses its activity after
two hours (Fig. 1).

Analysis of the study shows that in addition to the
delayed reaction, it is affected by the chemical properties

1

of methyl acetate. Under the action of acidic environ-
ment, elevated temperatures and in the presence of water,
methyl acetate is hydrolyzed to form methanol and acetic
acid, as a result of which additionally released acetic acid
reacts with carbonates [10]. This indicates the importance
of the presence of rock water in the pore space, includ-
ing bound.
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Fig. 1. Graph of the dependence of the solubility rate
of the sample on the reaction time

Analysis of the results of studies of the reaction rate of
chalk plates with acid solutions (experiment 3) in a closed
reactor shows (Fig. 2) that in comparison with the basic
solution S1 the reaction rate of solution S5 is several times
lower. Compared with the hydrochloric acid solution, the
reaction rate is an order of magnitude lower, and the reac-
tion of hydrochloric acid with sample 1 is almost complete
in three minutes.
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Fig. 2. Efficiency of dissolution of carbonate rock in time by carbon dioxide release
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The chalk samples in the carbonate range of the promis-
ing S5 solution had a water saturation of 30 % and 10 %,
respectively, and a more intense reaction can be seen with
a sample of 30 % water saturation. This is quite natural,
because water is a kind of «catalyst» of the reaction, in addi-
tion, after exhausting all the acetic acid from solution, in the
presence of water, hydrolysis of methyl acetate to methanol
and acetic acid, which continues to react with the rock.

The absolute values of the research results are valid
for the above research conditions and the samples used,
as the impact of various impurities in real rock can be
quite significant. Important results of the study are the
relative rates of duration, duration and intensity of the
reaction of different samples of solutions with rocks of
the same composition.

To confirm the effectiveness of the developed acid solu-
tions, further studies based on methyl acetate and carbo-
xylic acids should be performed on the cores of compacted
carbonate rocks in formation conditions using high pressure
and temperature filtration units (HTHP).

4. Conclusions

The study showed that in order to intensify the ex-
traction of oil and gas from compacted low-permeability
high-temperature carbonate reservoirs, it is necessary to
develop acid solutions that would meet modern requirements
for the development of deep hydrocarbon deposits. This
requires solutions with low viscosity, low surface tension,
slow reaction rate with the rock. Based on the analysis of
industrial data and literature sources for the development
of an effective intensification solution, 5 carrier liquids
were studied: water, nephras 80/120 (analog of gas conden-
sate), methanol, ethyl acetate and methyl acetate. Methyl
acetate was chosen as the most promising. According to
studies, solutions based on methyl acetate and acetic acid
have four times lower reaction intensity at 50 °C than
the basic solution (4 % dissolution of carbonate solution
S5 vs. 16.45 % — in solution S1). Methyl acetate also has
the lowest viscosity (0.36 MPa-s) and surface tension coef-
ficient among the potential carrier fluids studied. This will
allow the solutions to penetrate deep into the bottomhole
zone of the well, and create an extensive network of chan-
nels. In contrast to fast-reacting solutions, the efficiency
of which is lost at high temperatures near the bottom of
the well developed promising solutions based on methyl
acetate react with the rock for several hours (up to 4 hours
in the study), the reaction of hydrochloric acid solution —
5-10 minutes, basic acid solution S1 — up to 2 hours. The

long reaction time makes it possible to inject the active
acid solution into the reservoir for several meters, even
if the ultra-low permeability of the compacted reservoir.
Studies show that methyl acetate not only acts as an acid
carrier, but in the presence of water in the pore space is
slowly hydrolyzed to methanol and acetic acid, which,
in turn, reacts with the rock. This significantly prolongs
the reaction time and has a positive effect on the well
treatment process.
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