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Abstract. To improve the efficiency of waterflooding or steam stimulation, enhanced oil recovery and
intensification of development a thickened oil-displacing composition NINKA-Z has been created, based
on surfactants with controlled viscosity and alkalinity, which is both water-diverting and oil-displacing
composition. When exposed to the reservoir with compositions NINKA-Z there is an increase in the final
oil recovery by increasing the rate and factor of oil displacement, and sweep efficiency.

The paper gives the results of laboratory studies of thickened oil-displacing composition for enhanced oil
recovery from deposits with high temperature and for steam stimulation — solation kinetics, physical-chemical
and rheological properties of the composition solutions. The composition has an adjustable viscosity and
high oil-displacing ability; it retains, self-regulates in a deposit for a long time complex of colloidal-chemical
properties, optimal for oil displacement purposes.

In 2014-2015 pilot tests were successfully conducted of the technology to enhance oil recovery using
oil-displacing thickened composition NINKA-Z on the experimental plot of Permian-Carboniferous heavy
oil deposit of the Usinsky field that being developed by steam stimulation. Pilot projects have shown high
efficiency of the technology, significant effects were received on increasing oil production, reduction of
water cut and intensification of development. The technology is environmentally friendly and technologically
efficient. The technology is promising for the industrial use in heavy oil deposits.
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Russia is among the top ten countries with the
largest oil reserves, on this indicator only being behind
countries of the Middle East and Venezuela. The main
method of oil fields development in Russia is flooding,
with its use about 95 % of oil is produced. Currently,
most of the large deposits of Russia are in the late
stage of development, the current water cut exceeds
80 %. The newly introduced fields are characterized
by low permeability, high viscosity of oil and complex
geological structure, i.e. reserves are classified as
difficult to recover.

The share of oil reserves difficult to recover in Russia
is constantly growing and now exceeds 60 % (including
heavy oil — 13 %, low-permeable reservoirs — 36 %)
(Yakutseni et al., 2007; Tarasyuk, 2014; Barkov et al.,
2015). In these conditions the opportunity of oil reserves
increment by increasing oil recovery is of particular
importance. The increase of the final oil recovery factor
by only 1 % will provide annual increase in production
by 20-30 million tons. For effective development of
hard recoverable oil reserves, it is necessary to create

and widespread use of science-based technologies
in oil production, development of new chemicals for
implementation of technologies.

Permanent complication of conditions for profitable
operation of oil and gas stimulates the emergence of
new and improvement of methods used to enhance oil
recovery. In the development of methods of enhanced
oil recovery, a trend is clear to provide oil-displacing
fluid with elements of self-regulation, enabling them
to maintain their function in the formation for a long
time. The Institute of Petroleum Chemistry, Siberian
Branch of the Russian Academy of Sciences (IPC SB
RAS, Tomsk) has implemented one of the options
of this trend, based on the ideas of composition for
enhanced oil recovery as a physical-chemical system
with feedback.

These ideas served as the theoretical basis of physical
and chemical principles of compositions selection on the
basis of the surfactant considering thermodynamic and
kinetic parameters of the system ‘oil — rock — aqueous
phase’, affecting the displacement of oil from the porous
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medium. It was suggested to use alkaline buffering
system with a maximum buffering capacity in the range
of 9.0-10.5 units of pH to provide negative feedback
in the oil-displacing compositions, enabling them to
maintain, self-regulate complex of colloidal-chemical
properties, optimal for oil displacement (Altunina,
Kuvshinov, 2007 a, 2007 b, 2008; Altunina et al., 2019,
2011, 2014).

The choice of alkaline buffer systems is due to the
important role of physical and chemical processes with
the involvement of hydroxyl ions in the mechanism
of oil displacement from capillary-porous media of
the reservoir by aqueous surfactant solutions. Such
interactions include neutralization of acidic groups,
saponification of ester bonds, deprotonation of donor
heteroatoms of asphaltene-resin oil components,
association of the hydroxyl ions with aromatic
fragments of molecules of oil components, influence
on the structure of water and thus on hydrophobic
binding, conformational mobility of hydrophobic
surfactants parts. As a result of these interactions the
interfacial tension and interfacial viscosity decrease at
the interface of oil — water, rock wettability increases
and surfactant losses are reduced due to reduced
adsorption onto the rock.

Currently, the effective development of deposits of
high-viscosity oils is carried out mainly with the use
of thermal effects techniques. Steam is widely used
as a coolant. Many researchers continually attempt to
find the chemical additives to steam, improving its oil-
displacing effect.

Theoretically, such additives should reduce steam
condensation temperature, for example, for the
mechanism of azeotrope formation or water solubility
in compressed gases, should increase phase permeability
of the steam-gas mixture and the like. To date, the
best additive is carbon dioxide CO,. The reasons for
the favorable effect of CO, are well known — increase
of phase permeability by oil, oil viscosity reduction,
favorable change in the ratio of oil and water phase
mobility.

The IPC SB RAS develops the impact on the heavy
oil deposit by thermotropic oil-displacing compositions
based on surfactants, which in the formation under the
temperature of water vapor or hot water form CO, and
ammonia buffer system. Physical-chemical mechanism
of oil-displacing compositions based on surfactant and
alkaline buffer solutions, generating CO, directly into
the formation, is based on the kinetics of urea hydrolysis
in the compositions with ammonia and carbon dioxide
formation in the temperature range 70-250 °C.

Previously technology has been developed of the
stimulation of NINKA® composition on heavy oil
deposit based on surfactants, ammonium salts and urea,
which are under reservoir temperature or injected coolant
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form carbon dioxide CO, and ammonia buffer system
(Altunina, Kuvshinov, 2007 b; Altunina et al., 2003,
2010). Urea directly in the reservoir at a temperature
above 70 © C is hydrolyzed to form ammonia and CO,,.
Carbon dioxide, in contrast to ammonia is much more
soluble in oil than in water. Therefore, in the system
‘o1l — water” oil phase will be enriched in CO,, water
phase — in ammonia.

When CO, dissolved, oil viscosity is reduced 2-6
times (Altunina et al., 2003). Ammonia with ammonium
salt forms alkaline buffer system with a maximum
capacity in the range of pH 9+10 optimal for the purposes
of oil displacement. Moreover, thanks to the presence
of alkalinity and surfactants, it contributes to further
oil displacement, interfacial tension and destructuring
decrease, thinning of viscous layers or films at the
boundaries of oil — water — rock, worsening fluids
filtering in the reservoir and reducing completeness of
oil extraction (Altunina, Kuvshinov, 2007 b; Altunina
et al., 1992; 2010).

In order to increase oil recovery, not only by
increasing the oil displacement factor, but also by
increasing the sweep efficiency, thickened oil-displacing
composition NINKA-Z has been created with adjustable
viscosity and alkalinity, which is both water diverting
and oil-displacing composition. The composition is the
result of research in the concept development of using
reservoir energy or injected coolant to generate in situ
of chemical ‘smart’ systems — compositions based on
surfactants and alkaline buffer systems, preserving, self-
supporting in the formation set of properties for a long
time, optimal for oil displacement purposes (Altunina,
Kuvshinov, 2007 b; Altunina et al., 1992; 2010).

NINKA-Z composition can be used to improve
the efficiency of waterflooding or steam stimulation,
increasing the ultimate oil recovery factor: for enhanced
oil recovery from reservoirs with high natural reservoir
temperature (above 70 °C), developed by flooding,
as well as deposits of heavy oil with natural low
reservoir temperature, developed by technology of areal
injection of coolant (steam, hot water) and cyclic-steam
stimulation for producing wells.

When injecting thickened composition NINKA-Z in
the water or steam injection wells, controlled increase
in viscosity of the composition occurs directly in
the formation. This helps equalizing the mobility of
displaced and displacing agents and increasing the sweep
impact, reducing the viscosity instability of displacement
front, limiting the working injected fluid breakthroughs
in reacting production wells, and connection of low-
permeability interlayers. Furthermore, there is an
additional reduction in the oil viscosity and additional
oil washing from washed zones. As a result, there is an
increase in sweep efficiency, oil recovery and stimulation
of oil production.
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To obtain thickened composition NINKA-Z in
the composition NINKA® based on surfactants,
aluminum salt is additionally introduced, changing
the concentration of which it is possible to adjust the
composition viscosity. At temperatures above 70 °C
resulting in urea hydrolysis directly in the formation
pH of the solution increases, hydrolysis of aluminum
ions occurs to form aluminum hydroxide (Altunina,
Kuvshinov, 2007 b; Altunina et al., 1992; 2003),
resulting in increased viscosity of oil-displacing
composition after a certain time.

The research has been made to find out the influence
of components concentrations of thickened oil-displacing
composition NINKA-Z on rheological properties of
solutions and sols in particular, the dynamic viscosity
(mPas). Measuring of solution viscosity was performed
by rotation and vibration methods using a vibrating
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Figure 1. The complete rheological flow curves and
the dependence of solution viscosity of sol-forming oil-
displacing composition NINKA-Z with adjustable viscosity
and alkalinity (2.5 % of aluminum salts) before and after
5 hours of thermal regulation at 150 °C: before thermal
regulation composition solution is a Newtonian fluid, after
the sol formation- viscoplastic fluid.
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Figure 2. Thickening time (gel or sol formation) of sol-
forming oil-displacing composition solutions with controlled
viscosity and alkalinity, depending on the content of
aluminum salt and thermal regulation temperature.
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viscometer with tuning-fork sensor “Reokinetika”
(Bogoslovskiy, Altunina, 1985). At certain concentrations
of aluminum salt, sol is formed directly in the reservoir
—mobile free-dispersed system with high oil-displacing
properties.

Figures 1 and 2 show the results of sol generation
kinetics in the composition solutions at temperatures of
90, 150 and 200 °C.

Studies of sol formation kinetics and rheological
properties of sols and solutions prepared at 90, 150
and 200 °C showed that after thermal regulation of
solutions of sol forming oil-displacing composition
with controlled viscosity and alkalinity, depending on
the concentration of aluminum salt, viscosity of the
composition solutions increases by 6-78 times, pH
of the composition solutions after thermal regulation
increases to 7.7-10.1 units pH.

As an example, Figure 1 shows the study results
of rheological properties of the composition solution
(concentration of aluminum salt 2.5 %) before and after
the formation of a sol by thermal regulation at 150 °C
for 5 hours. Measurements were carried out after cooling
the solution to 20 °C. As can be seen from the figure,
before thermal regulation, composition solution is a
Newtonian fluid, after the sol formation — viscoplastic
fluid having properties of both solid and liquid, and the
ability to show the properties of elastic shape recovery
after stress relief (Figure 1).

The time of sol formation in the solution of oil-
displacing composition depends on aluminum salt
concentration and thermal regulation temperature and
ranges from 20-35 minutes at 150 and 200 °C and
3-3.5 hours at 90 °C (Figure 2), that is, by increasing
the thermal regulation temperature between 90 and
150, 200 °C, the time of sol formation is reduced
6-9 times.

Research of the rheological properties changes
of the Usinsk oil field after thermal regulation with
solutions of sol-forming oil-displacing composition
with controlled viscosity and alkalinity showed that
after heat treatment at 150 °C of heavy oil from
the Usinsk field with composition, oil viscosity
as compared to the original oil (non-heat treated)
is reduced by 2-3 times (Figure 3). Composition
solutions have demulsifying action; the amount of
water in the oil is reduced 10-220 times.

The developed compositions have the following
physical-chemical parameters: pH of solutions
— 3.4-4.1 units pH; pH of sols and gels — 7.7-
10.1 units pH; viscosity of solutions — 1.6-3.5 MPas;
viscosity of sols — 9.7-260 mPa:s; solution density
—1161-1178 kg/m?; gel formation time — from several
minutes to several days depending on the temperature
and composition of the solution; freezing temperature
—minus 20.4 —minus 21.2 °C.
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Figure 4. Alignment of filtration flows and additional wash of oil at 150 °C after
injection of thickened composition NINKA-Z in heterogeneous oil-saturated
reservoir model under conditions simulating steam stimulation on Permian-
Carboniferous deposit of the Usinsk field. The initial gas permeability of models:
(a) 1 column — 0.730 mm?, 2 column — 0.091 mm?; (b) I column — 0.374 mm?, 2

column — 1.918 mm’.

GEORESURSY

showed their high efficiency.

So, on the basis of experimental
studies we have found that the injection
of composition with controlled
alkalinity and viscosity — thickened
composition NINKA-Z with thermal
steam and cyclic steam stimulation
on the formation with respect to the
conditions of Permian-Carboniferous
deposit of heavy oil of Usinsk field
leads to a redistribution of filtration
flows, reduction of filtration rate on
highly permeable streaks and increase
of the filtration rate on low permeable
seams, leveling of fluid mobility in a
heterogeneous reservoir model, which
is accompanied by an additional oil
wash from low-permeability zones, and
zones of high permeability reservoir
models.

This increases the factor of oil
displacement by water in the whole
model. Oil displacement factor
increment ranges from 5 to 39 %, at the
same high absolute oil displacement
coefficients and low residual oil
saturation are achieved (Figure 4).

On Permian-Carboniferous deposit
of heavy oil of the Usinsk field, in
the plot PTV-3, developed by cyclic
steam and thermal-steam stimulation,
according to the technological
instruction the testing was conducted
of the technology to enhance oil
recovery, oil production stimulation
and water shut-off using thermotropic
sol-forming composition NINKA-Z.
The work was carried by LLC “OSK”
on the Usinsk field (Figure 5), LLC
“LUKOIL-Komi”.
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Figure 5. Usinsk field on the map of the Komi Republic.

Permian-Carboniferous deposit of the Usinsk field is
located in the depth interval 1100-1500 meters. At the
initial conditions oil of Permian-Carboniferous deposit
is characterized by high values of dynamic viscosity
of about 710 mPas, due to the high content of asphalt-
resin components. Permian-Carboniferous sediments
have extremely inhomogeneous geological structure,
reservoirs of complex type: cavern-porous, fractured-
porous, fractured- cavern-porous.

Industrial development of the deposit is carried out
since 1977. To date, deposit is half drilled by inclined-
directional wells. A significant part of the deposit
is developed on the natural water drive. In order to
reduce the oil viscosity and enhance oil recovery in
the steam stimulation zone, since 1992 areal steam
injection has been applied and steam-cyclic treatment
of wells has been held.

The current state of deposit development is
characterized by high water cut at low development of
geological oil reserves, which creates prerequisites for
the use of various methods of enhanced oil recovery, in
particular for the use of chemical compositions.

In2014-2015 field tests were conducted
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Figure 6. Map of the plot of PTV-Southwest in Permian-
Carboniferous deposit of the Usinsk field; purple circles
designate steam injection wells, in which the composition
NINKA-Z was injected in 2014, red circles —in 2015.

According to the results shown in Figure 7
(according to the monthly operating reports as of
August 2015), we can see a steady decline in water
cut and increase of oil production after the injection,
which is especially noticeable in 3 months after the
treatment, due, apparently, to the speed of fluid front
movement between injection and production wells.
The total effect on the plot, according to different
methods of assessment, is 60-80 thousand tons of
additional oil production.

of enhanced oil recovery technology by
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stimulation (PTV-Southwest) in Permian-
Carboniferous deposit of the Usinsk field
(Figure 6).
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plot PTV-Southwest of Permian-Carboniferous deposits of the Usinsk field.
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as of August 2016. the Usinsk field after injection of NINKA-Z composition.

Figures 10-13 show typical
responses of production wells on injection of
composition NINKA-Z in the injection well. It
is evident that the main front of the composition
takes place in the drainage area of wells within 2-4
months after the injection. This is also confirmed by
the sampling of these wells, which found reagents
characteristic to composition NINKA-Z (urea, urea
decomposition products and so forth). In these wells
the greatest effect is observed on the additional oil
produced, as in most hydrodynamically connected
with the injection wells and thus fall under the
injected composition.

In the production well 2949 (Figure 13), we
can clearly see the effect of injected NINKA-Z
composition both in 2014 and 2015. In this case,
the effect of the second injection is more as steam
injection wells 1589 is closer to the well 2949.

The results of the studies conducted show the
prospects of the use of thickened oil-displacing
compositions NINKA-Z with adjustable viscosity
and alkalinity for enhanced oil recovery in Permian-
Carboniferous deposit of heavy oil of the Usinsk field
both by areal steam (hot water) injection, and cyclic
steam stimulation.

Thus, thickned oil-displacing composition
NINKA-Z with adjustable viscosity and alkalinity,
low interfacial tension on the border with oil is both
water-diverting and oil-displacing composition and
can be used to improve development efficiency by
increasing the sweep efficiency and the coefficient of
oil displacement; it can be injected into the injection,
steam injection and cyclic steam wells.

GEORESURSY

6000 - mm Production rate of oil, /month —«— Average production rate in 2015 =~ Water flooding, % [ 85.0
before treatment

NINKA-Z

5000 800

~
bl
o

4000

@
bl
o

N
o
S
5

Production rate of oil, t/month

o
=}
o

o

4

o

‘Water flooding, %

1000 | 55.0

0 + 50.0
I I I IR I R R TR T R R - 6 o o b o o
P S S S P N S SO, S SO S N SN S, SO S S P S, 5
[SARNI I S M NI R U N R S A A i

Date, month, year

Figure 9. Production rate of oil and fluid before and after the
injection of NINKA-Z composition at thermal-steam stimulation
in 2015 on the experimental plot PTV-Southwest of Permian-
Carboniferous deposit of the Usinsk field.
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Figure 10. The effect from treatment with composition NINKA-Z
in the production well 2946 at experimental plot PTV-Southwest of
Permian-Carboniferous deposit of the Usinsk field.
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Figure 11. The effect from treatment with composition NINKA-Z in
the production well 3059 at experimental plot PTV-Southwest of
Permian-Carboniferous deposit of the Usinsk field.

mm Production rate of oil, t/month

400 r 900
—+— Average within 2014 before treatment
350 | -#- Production rate of fluid, t/month r 800
E

E 300 - Carb. r 700 =
B recov. g
= 600 E
3 250 | =
b 2
2 , - 500 5
NINKA-. =
§ 200 pe
E ﬂ N - 400 g
5 150 ¥ 53
.g 300 g
3 ] ©
& 100 I—/._\ - I - 200 5
<]
A~

50|I||III| I I III |I100

AU T,
L N R L N N N N I R I B I
I P L L L R, SRR, IR G RN RN S L P
NS IR R AR U R G R N I R

Date, month, year

Figure 12. The effect from treatment with composition NINKA-Z
in the production well 3066 at experimental plot PTV-Southwest of
Permian-Carboniferous deposit of the Usinsk field.
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Figure 13. The effect from treatment with composition NINKA-Z
in the production well 2949 at experimental plot PTV-Southwest of
Permian-Carboniferous deposit of the Usinsk field.

Thickened oil-displacing composition NINKA-Z
is a low-viscosity waxy fireproof liquid, making
it technologically possible to apply in the winter
season. For the preparation and injection of the
thickened composition, standard oil field equipment
is used in field conditions. Composition NINKA-Z
is applicable to both early and late development
stages with reserves difficult to recover, including
heavy oil deposits.

Acknowledgements

This work was financially supported by the
Ministry of Education and Science of the Russian
Federation under the Agreement on the provision
of subsidies No. 14.607.21.0022 of 05.06.2014, an
unique identifier - RFMEFI60714X0022 under the
Federal Program for the priority area “Rational use
of natural resources”.

References

Altunina L.K., Kuvshinov V.A., Chertenkov M.V., Ursegov S.O.
Integrated IOR technologies for heavy oil pools. Abstract Book of the
21st World Petroleum Congress. Moscow. Russia. 2014. Pp. 10-11.

Altunina L.K., Kuvshinov V.A., Improved oil recovery of high-
viscosity oil pools with physicochemical methods at thermal-steam
treatments. Oil& Gas Science and Technology. 2008. V. 63. No. 1. Pp. 37-48.

Altunina L.K., Kuvshinov V.A., Stasyeva L.A. Effect of in situ
generated CO2 and alkaline buffers on rheological properties of high
viscosity oils. Progress in Mining and Oilfield Chem. Vol. 5 Advances
in Incremental Petroleum Production. Ed. by I. Lakatos. Akademiai
Kiado. Budapest. 2003. Pp. 123-132.

Altunina L.K., Kuvshinov V.A., Ursegov S.O., Chertenkov M. V.
Synergism of physicochemical and thermal methods intended to improve
oil recovery from high-viscosity oil pools. /6th European Symposium
on Improved Oil Recovery. Cambridge, UK. 2011. Paper A13.
DOI: 10.3997/2214-4609.201404753

Altunina L., Kuvshinov V., Kuvshinov I. Kompozitsii PAV
dlya effektivnogo paroteplovogo vozdeystviya na plast [Surfactant
compositions for efficient thermal-steam-stimulation]. Oil& Gas Journal
Russia. 2010. No. 6. Pp. 68-75. (In Russ.)

Altunina L.K., Kuvshinov V.A. Uvelichenie nefteotdachi
zalezhey vysokovyazkikh neftey fiziko-khimicheskimi metodami
[Improved high-viscosity oil recovery by using physicochemical
methods]. Tekhnologii TEK = Energy Technologies. 2007 a. No. 1
(32). Pp. 46-52. (In Russ.)

Altunina L.K., Kuvshinov V.A. Fiziko-khimicheskie metody
uvelicheniya nefteotdachi plastov neftyanykh mestorozhdeniy
(obzor) [Physical and chemical methods for enhanced oil recovery
(review)]. Uspekhi khimii = Russian Chemical Reviews. 2007 b. V.
76. No. 10. Pp. 1034-1052. (In Russ.)

Altunina L.K., Kuvshinov V.A., Staseva L.A. Kinetika
geleobrazovaniya v sisteme sol’ alyuminiya — karbamid — voda [The
kinetics of the gelling in a system: aluminum salt — carbamide — water].
Fiziko-khimicheskie svoystva rastvorov i dispersiy: Sb. statey [Physical
and chemical properties of solutions and dispersions: Coll. papers].
Novosibirsk: Nauka Publ. 1992. Pp. 18-24. (In Russ.)

Barkov S., Grunis E., Khavkin A. Neftedobycha: zapasy i KIN
[Oil production: reserves and oil recovery factor]. Available at: http://
neftegaz.ru/science/view/932/ (accessed 26.05.2015). (In Russ.)

Bogoslovskiy A.V., Altunina L.K. Sposob izmereniya
reologicheskikh svoystv kontaktiruyuschikh zhidkostey [Measuring
method of rheological properties of interfacial fluids]. Patent 1229647
RF. 1985. Bull. No. 17. (In Russ.)

Tarasyuk, V.M. Vysokovyazkie nefti i prirodnye bitumy [High-
viscosity oil and natural bitumen]. Ekologicheskiy vestnik Rossii =
Ecological herald of Russia. 2014. No. 6. Pp. 22-27. (In Russ.)

JAYUHO-TEXHUMECKVV XKYPHAN

TEOPECYPCH  MEEH




L.K. Altunina, V.A. Kuvshinov, L.A. Stasyeva, I.V. Kuvshinov, V.V. Kozlov r"
g

Yakutseni V.P., Petrova Yu.E., Sukhanov A.A. Dinamika doli
otnositel’'nogo soderzhaniya trudnoizvlekaemykh zapasov nefti v obschem
balanse [Dynamics of relative content of reserves difficult to recover in
overall balance]. Neftegazovaya geologiya. Teoriya i praktika = Petroleum
Geology. Theory and practice. 2007 (2). Pp. 1-11. http://www.ngtp.ru/
rub/9/023.pdf (In Russ.)

Information about authors

Lyubov K. Altunina — Professor, Dsc in Engineering,
Head of the Laboratory of Colloidal Oil Chemistry,
Director of the Institute of Petroleum Chemistry,
Siberian Branch of the Russian Academy of Sciences

Russia, 634055, Tomsk, Akademicheskiy ave., 4

Phone: +7(3822) 491-623, 491-146

E-mail: alk@ipc.tsc.ru

Viadimir A. Kuvshinov—PhD in Chemistry, Leading
Research Scientist, Institute of Petroleum Chemistry,
Siberian Branch of the Russian Academy of Sciences

Russia, 634055, Tomsk, Akademicheskiy ave., 4

Phone: +7(3822) 492-411

E-mail: vak2@ipc.tsc.ru

Georesursy = Georesources. 2016. V. 18. No. 4. Part 1. Pp. 281-288

Lyubov A. Stasyeva — Research Scientist, Institute of
Petroleum Chemistry, Siberian Branch of the Russian
Academy of Sciences

Russia, 634055, Tomsk, Akademicheskiy ave., 4

Phone: +7(3822) 492-457

E-mail: Ikhn304@jipc.tsc.ru

Ivan V. Kuvshinov — Leading programmer, Institute
of Petroleum Chemistry, Siberian Branch of the Russian
Academy of Sciences

Russia, 634055, Tomsk, Akademicheskiy ave., 4

Phone: +7(3822) 492-411

E-mail: kiv@ipec.tsc.ru

Viadimir V. Kozlov — PhD in Chemistry, Research
Scientist, Institute of Petroleum Chemistry, Siberian
Branch of the Russian Academy of Sciences

Russia, 634055, Tomsk, Akademicheskiy ave., 4

Phone: +7(3822) 492-457

E-mail: kozlov_vv2004@mail.ru

Manuscript received October 24, 2016

GEORESURSY




