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INVESTIGATION OF HYDROCARBON
SOLVENTS FOR THE CONTROL OF
PARAPHYN-HYDRATE DEPOSITS

IN OIL WELLS

The object of research is hydrocarbon solvents for the elimination of paraffin-hydrate deposits. The chemical
methods of control of paraffin-hydrate deposits, in particular, application of hydrocarbon solvents are considered
in the article. Studies of the effect of various chemical reagents on the dissolution of hydrate formations using
a laboratory installation at different thermo-baric regimes, closest to the real conditions of the pipe space of oil
and gas wells: the temperature varied discretely from —10 to +40 °C and pressure from 0 to 10 MPa. To study
the effect of hydrocarbon solvents on the process of removing hydrate formations, the most rational methods of
regression analysis and mathematical planning of the experiment were used — simplex-grid planning. The G-cri-
terion of plan optimality was used, which includes 22 experiments. The synthesis of the plan was implemented by
numerical methods on a software-controlled device for information processing. The use of such methods makes it
possible to reasonably organize experimental research, adjust the time, equipment, materials and perform the re-
quired number of experiments. The results of measurements are shown in the diagrams for each solvent separately.
The obtained data allowed to a priori substantiate the choice of the optimal variant of application of chemical
reagents for complete dissolution and removal of paraffin-hydrate formations from the surface of the internal well
equipment. Analysis of the data shows that the solubility reagents butyl cellosolve and ethylacetat solvents, which
can be recommended for wide application in the oil and gas industry, are characterized by the highest solubility
and efficiency for removal of paraffin-hydrate deposits from the surface of well equipment. An important fact
is that the consumption of the proposed solvents per one well operation is not more than 4 m?, which is 2—3 times
less than in other known analogues. The use of new solvents also allows to increase the inter-cleaning period of
the well more than 2—3 times, which reduces the cost of extracted products.

Keywords: paraffin-hydrate deposits, hydrocarbon solvent, internal well equipment, chemical reagent, well
cleaning interval.
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1. Introduction

Resins, asphaltenes and paraffins are deposited on the
surface of downhole equipment (casings and compressor pipes,
pump housings, pump rods) along with hydrate formations.

Copyright © 2020, Liashenko A.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by,/4.0)

It is necessary to use a multipurpose reagent for dissolving and
removing all types of such deposits at the same time. Labora-
tory tests were performed to select such a chemical reagent.

The analysis of scientific literature sources showed there is
a problem of precipitation of paraffin-hydrates in the process
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of operation of most oil and gas condensate fields [1, 2].
These precipitations can be deposited in production wells
and lead to emergencies due to the formation of paraffin
plugs [3-5]. As known as the utilization of chemical methods,
in particular, the use of solvents is the most economical
and technological effective for the control paraffin-hydrates
deposits. It is noted by the authors in [6-8], one of the
main methods of protection of in-well equipment and oil
field communications from hydrate formations and asphalt-
resin-paraffin deposits is the use of hydrocarbon solvents. The
entire operational fund of wells complicated by asphalt-resin-
paraffin deposits and hydrate formations can be divided into
four groups depending on the well cleaning interval (WCI)
without the use of chemical reagents [9-11]:

1 — WCI up to 10 days;

2 — WCI from 10 to 20 days;

3 — WCI from 20 to 30 days;

4 — WCI more than 30 days.

For wells of 1 and 2 groups the use of chemical reagents
for cleaning underground equipment should be combined
in a certain sequence and dosing of inhibitors of paraffin-
ic-hydrate deposits. For the wells of 3 and 4 groups the
most effective is the use of hydrocarbon solvents. Thus, the
object of research is hydrocarbon solvents for the elimina-
tion of paraffin-hydrate deposits. The aim of research is to
investigate the effect of hydrocarbon solvents on paraffinic
hydrate deposits.

2. Research methods

Firstly, on a laboratory installation, the schematic dia-
gram of which is shown in Fig. 1, studies of the effect of
different types of chemicals on the dissolution of hydrate
formations as the most insoluble for removal. The experi-
ments were performed in the following thermobaric modes:
the temperature varied discretely from —10 to +40 °C, the
pressure from 0 to 10 MPa, which is most consistent with
the real modes of the pipe space of oil and gas wells. The
experiments were carried out as follows: if the temperature was
constant, for example, 0 °C, the pressure changed discretely
from 0 to 10 MPa and vice versa, at a constant (fixed)
pressure, the temperature changed.

Samples of tubing 1.4 m long, 72 mm in diameter made
of 36G2C steel and formation water-oil mixture were used as
objects of research. Butyl cellosolve, ethyl acetate SNPH-7p
and SNPH-7p-14, ethylbenzene and butylbenzene fractions
were used as reagents. Chemical reagents were poured into
the pressure chamber in the amount of 1, 2, 3, 4 and 5 liters,
based on the calculation of 10-50 liters per 1 m3 of internal
volume of the well.

To study the effect of hydrocarbon solvents on the process
of removing hydrate formations from downhole equipment,
quantitative description of this effect and significantly reduce
the number of experiments, rationally apply the methods of
regression analysis and mathematical planning of the experi-
ment — simplex lattice planning. Since specific hydrocarbon
solvents can’t be sold throughout the study area, additional
restrictions are imposed on them. As a result, the plan-
ning area becomes complex. In this area, it is advisable to
use the G-criterion of plan optimality [12], which includes
22 experiments and minimizes the maximum value of the
variance of the predicted values (Fig. 2). The application
of the G-optimal plan ensures that there are no points in
the planning area where the accuracy of the response sur-

face estimate is not too low. The synthesis of the plan was
implemented by numerical methods.
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Fig. 1. Schematic diagram of the experimental installation:
1 — furnace; 2 — chamber of cylindrical shape; 3 — cooling jacket;
4 — tube; 5 — means of cover; 6 — squeeze bolts; 7 — insulation (textolite)
gasket; 8, 15 — electronic potentiometers; 9 — nipple (KSG — nipple model);
10 - booster pump (BP); 11 — grooves; 12 — special device; 13 — crane;
14 — frame; 16 — autotransformer with an ammeter and a voltmeter;
17 — computational complex (OK); 18 — pulse tube; 19 — groave;
20 — objects of research (samples of tubing and formation water-oil-gas
liquid); 21, 25 — upper and lawer walls; 22 — pins; 23 — electric heater;
24 — inner lid; 26 — manometer (M)
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Fig. 2. The plan of the experiment on the triple diagram

In accordance with the requirements of the plan, hydro-
carbon solvents (22 brands of each system) were selected.
The content of each solvent varied from 0 to 100 %, while
the total content of the three solvents remained unchanged
at 100 %. The experiments resulted in the construction of
fiftth-order multiple regression equations (regression coef-
ficients significant at the level of <0.05), which were
used to construct equal-level lines on triple diagrams. The
adequacy of the obtained regression equations was checked
using Fisher’s F-test [13] at the 5 % level of significance.
The value of the correlation coefficients r=0.97-0.99, which
indicates a good correspondence of the experimental data to
the given regression equation and the possibility of using
them as formal calculation models.

The duration of the experiments was 12 hours. At the
end of each experiment, the contents of the pressure chamber
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were poured into a container, and the sample tubing tube
and the inner surface of the chamber were thoroughly cleaned
of deposits, which were then weighed on electronic scales
to the nearest 0.001 g.

3. Results of research and discussion

The measurement results are shown in Fig. 3-8.
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Fig. 3. The mutual influence of temperature, pressure
and the amount of chemical reagent of the ethylbenzene fraction
on the amount of hydrate formation (g)
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Fig. 4. The mutual influence of temperature, pressure
and the amount of chemical reagent of butylbenzene fraction
on the amount of hydrate formation (g)
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Fig. 5. The mutual influence of temperature, pressure and the amount
of chemical reagent SNPH-7r on the amount of hydrate formation (g)
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Fig. 6. The mutual influence of temperature, pressure and the amount
of chemical reagent SNPH-7r-14 on the amount of hydrate formation (g)
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Fig. 7. The mutual influence of temperature, pressure and the amount
of chemical reagent butyl cellosolve on the amount of hydrate formation (g)
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Fig. 8. The mutual influence of temperature, pressure and the amount
of chemical reagent of ethyl acetate on the amount of hydrate formation (g)

Analysis of the obtained data shows that the best
dissolving properties have butyl cellosolve and ethyl ac-
etate in all studied thermobaric regimes. Their solubility
reaches about 90-95 %. Composite hydrocarbon solvents
SNPH-7r-14 and SNPH-7r showed a fairly high solubi-
lity (40-60 %).

Widely used chemicals in the fields — ethylbenzene
and butylbenzene fractions — are characterized by very
low solubility (on average 15-20 %) of hydrate forma-
tions, although, as is known from practice, they dissolve
asphalt-resin-paraffin deposits quite well [14]. The obtained
data allowed to a priori substantiate the choice of the
optimal variant of application of chemical reagents for
complete dissolution and removal of hydrate formations
from the surface of internal well equipment. Butyl cel-
losolve and ethyl acetate are the most effective to inject
into the well (inside the tubing and annulus). It should
be noted that the calculated consumption of solvents is
2-4 1 per 1 m® of well volume, i. e. on average 2-4 m3
per well with a depth of 1.5-2.5 km.

4. Conclusions

Using an information-measuring system using the
method of mathematical planning of experiments, the in-
fluence of chemical reagents on the dissolution of paraf-
finic deposits in a wide range of temperature and pressure
changes was studied: the temperature varied discretely from
—10 to +40 °C and pressure from 0 to 10 MPa. It was
found that the greatest solubility and cleaning ability are
characterized by hydrocarbon solvents — butyl cellosolve
and ethyl acetate, which can be recommended for wide-
spread use in the oil and gas industry. The use of new
solvents allows to increase the inter-cleaning period of the
well by more than 2-3 times, to increase its productivity
by 5-10 times and to restore the initial properties by
up to 90 %.
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