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Fig. 10. Pilot work results using prolonged-action GBK acid composition on low-productive producing wells of the Permian-
Carboniferous reservoir of the Usinsk field: (a) — a total of 10 producing wells, an increase in oil production rates, a decrease
in water content; (b) — the average value of monthly oil flow rates for individual wells over the observation period of 19 months
for individual wells before and after treatment with the GBK composition

permeability from 0.01 to 30 Pm. The gelation time is
from several minutes to several days in the temperature
range 10-320 °C. With their use, five gel-technologies
for enhanced oil recovery have been developed, which
are industrially used in the fields of Western Siberia and
the Komi Republic (Altunina, Kuvshinov, 2008, 2007;
Altunina et al., 2015, 2017a). Ecological safety of the
reagents, their harmlessness to humans makes it possible
to widely use gel technologies in the fields of Russia and
other countries.

The thickened composition NINKA-Z is
simultaneously flow-diverting and oil-displacing
composition, used to increase both the oil-displacement
ratio and the coverage ratio of high-viscosity oil deposits
developed by the steam-heat effect (Altunina et al., 2015,
2011, 2016b). In the formation, under thermal action,
carbamide is hydrolyzed, forming CO, and NH,, which,
with the ammonium salt, provides an alkaline ammonia
buffer system, optimal for oil displacement purposes. An
increase in pH causes the hydrolysis of the aluminum salt
to form an aluminum hydroxide sol, while the viscosity
of the composition increases by 1-2 orders of magnitude,
which leads to an increase in the formation’s thermal
coverage, the connection of low-permeability streams, a
decrease in oil viscosity and its additional washing out.
As a result, an increase in the reservoir coverage ratio,
an increase in oil recovery factor and an increase in oil
production occur.

The wells number 10GS and 11GS are located in the
South-Eastern experimental plot (Fig. 11), pumping hot
water into the lower development object. The southeastern
section (cluster of wells 70C) is a part of the southern
current section. Until 2012, the site was developed in
the natural mode.At the time of the implementation of
the reservoir pressure maintenance system, the weighted
average reservoir pressure was 8.58 MPa, the average
daily fluid flow rate was 22 tons/day, the average daily
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oil flow rate was 10.4 tons/day, water content — 52 %.
With the organization of simultaneous injection of hot
water into wells No. 10GS, 11GS in December 2012 with
an intake capacity of 400 tons/day (total daily injection
of 800 tons/day), the reservoir pressure stabilized and
at the time of analysis is 9.2 MPa, but as a result water
breakthroughs sharply increased the water content of
surrounding wells in February 2013, from 57 to 65 %,
after which the injection volumes were adjusted. Since
June 2013, wells No. 10GS, 11GS have been operated
cyclically for 30 days, the daily injection capacity of one
well is about 400 m*/day. After switching to the cyclic
injection mode, the average flow rate of the surrounding
wells was 30 tons/day, the average oil flow rate was
9 tons/day.

On the injection well No. 10GS of 30-31.07.2017,
measures were taken to inject the gel-forming composition
GALKA® for the redistribution of filtration flows, to
limit water inflow, pumped 100 m®. Injectivity capacity
before treatment was 720 m’/day, after treatment —
640 m*/day. Measures to inject oil-displacing and flow-

Fig. 11. Plot of pilot works in the area of the well cluster
number 70C
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Fig. 12. Results of complex treatment with GALKA + NINKA-Z compositions,

composition of injection wells 10GS and 11GS in 2017-2018

deflecting composition NINKA-Z for leveling the intake
profile and washing out residual oil were performed on
09-11.08.2017, 200 m* were injected. Injectivity capacity
before treatment was 640 m?®/day, after 640 m?/day.
In general, according to the results of the work, the
injectivity of the well is reduced by 80 m*.

On injection well No. 11GS, on 27-28.08.2017,
measures were taken to inject the GALKA® composition,
80 m* were injected. Intake capacity before treatment
was 720 m®/day, after 520 m?*/day. Measures for the
injection of the composition NINKA-W were carried
out on September 14-15, 2017, 160 m® were injected.
Injectivity capacity before treatment was 510 m3/day,
after 520 m*/day. In general, the results of the work show
a decrease in the injectivity of well by 200 m?. Due to the
fact that the wells are located in one area of the reservoir
and the injection of compositions was performed in
approximately one period, then their influence on the
production wells is considered together.

In December 2017, when the well No. 10GS was
operating, there was an increase in pressure on the 70C
furnace, after which the furnace was transferred to a2 mm
choke, but this did not lead to a decrease in pressure. To
reduce the pressure on the furnaces, the nozzle at well
No. 11GS was increased. Indirectly, this indicates about
a decrease in injectivity in the well number 10 GS. To
intensify injectivity, a decision was made in the well
No. 10GS to perform an bottomhole zone treatment
using an oil-displacing acid GBK composition based on
surfactant, boric acid adduct and glycerin. In January
2018, the acid composition was injected into the well
10GS 50 m?®, the edges of 5 m?®, with alternating changes in
the composition: water concentration equal to 1:1 and 1:9,
according to the developed technical plan and instructions
for using the composition.

with additional treatment with the acid GBK

Figure 12 shows the work schedule for the 20
production wells in the area surrounding wells 10 and
11GS. The figure shows the moments of processing
compositions. It can be seen that in the first months the
effect was not too noticeable, which can be explained
as a delay effect of 2-4 months for the treatment of
production wells, due to the time of redistribution of the
flow and passage of the fluid front between the injection
and production wells, and a decrease in the injectivity
in the well 10GS.

After carrying out measures to increase the injectivity
at the well 10GS with the injection of the acid
composition of the cylinder head, the graph shows a
steady increase in oil production. The decrease in the
water content was recorded almost immediately after
treatment. The whole time of observation of the effect
it was maintained. Currently, the duration of the effect is
14 months; additional oil production in the area is 35,400
tons, or ~ 4.2 tons/day for each production well, that is,
there is an increase in oil production and development
intensification, which confirms the effectiveness of the
GBK composition and the proposed technology.

Thus, the possibility of using an acid GBK
composition based on surfactants, coordinating solvents
and complex compounds, if necessary, to restore or
increase the injectivity of the injection well, including
after treatments with gel-forming and/or highly viscous
compositions, is shown.

Conclusion

To increase oil recovery and intensify the development
of high-viscosity oil fields, acidic oil-displacing
compositions based on surfactants, coordinating
solvents and complex compounds have been created
that chemically evolve directly in the reservoir with
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the acquisition of colloidal chemical properties that are
optimal for oil displacement.

The main physicochemical factors for increasing
oil recovery are the interaction of the initially acidic
composition with a carbonate reservoir with the release
of CO, and a decrease in oil viscosity by 1.2-2.7 times,
leading to an increase in the pH of the composition
and its transformation into an alkaline oil-displacing
composition with a large buffer capacity. These factors
provide effective oil displacement and prolonged impact
on the reservoir in a wide range of dilution with water
during in-situ filtration.

The presence of surfactants and polyols in the
composition ensures its compatibility with mineralized
formation water, low freezing temperature (minus 20 +
minus 60 °C), low interfacial stress at the interface with
oil (below 0.001 mN/m) and applicability over a wide
range of reservoir temperatures (from 10 up to 200 °C).
Moreover, the compositions are Newtonian fluids with
a high viscosity (from tens to hundreds of mPa-s),
commensurate with the viscosity of the oil.

All reagents used in the GBK compositions are
products of large-tonnage industrial production. The
compositions have high manufacturability, including
in the northern regions, since they are low-fouling,
standard oil-field equipment is used for their preparation
and injection.

The use on an industrial scale of acidic oil-displacing
compositions of a new type based on surfactants,
coordinating solvents and complex compounds that
implement the concept of chemically evolving systems,
as well as environmentally safe technologies using them
that have high technological and economic efficiency,
will extend the cost-effective operation of fields located
in the late development stage, and to engage in the
development of a field with difficultly recoverable
hydrocarbon reserves, including deposits of highly
viscous oils and deposits of the Arctic region.
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