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Abstract. This paper presents the findings of laboratory studies of rheological properties and oil displacing ability of 
aqueous solutions of technical grade lignosulfonate done on the sand packed tube models. The solutions containing 
lignosulfonate can be useful as displacement agents in development of watered reservoirs with heterogeneous porosity and 
permeability. When used at high concentrations, technical grade lignosulfonate can achieve selective shut-off while 
maintaining the reservoir pressure. The oil displacement efficiency is improved by means of redistributing the flows 
and selective isolation of high-permeability zones. The use of such compositions allows increasing the sweep of low-
permeability reservoir zones by created pressure differential and displacing the residual oil. 
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Introduction. Scientists in Russia and abroad see into the opportunities of using the compo-
sitions containing lignosulfonates as the oil displacing agents in development of watered-out res-
ervoirs with heterogeneous porosity and permeability [1-3]. Natural reservoirs normally  
display macroheterogeneity [4]. The oil displacement efficiency is increased by redistributing the 
flows and isolating high-permeability flushed zones [5, 6]. The created pressure differential aids 
in increasing the sweep of low-porosity reservoir zones and displacing the residual  
oil [7, 8].  

The most commonly used displacement agents associated with water flood sweep efficiency 
and improvement of oil recovery are acrylamide and sodium carbonate copolymers  
and sulfonated monomers and polymers based on partially hydrolyzed polyacrylamide [9, 10]. 

In the meantime the academic community keenly sees into the issues of using technical grade 
sodium lignosulfonates [11, 12], water-soluble lignin sulfonates, produced in sulfite process of 
wood pulp production [13, 14]. Practical and academic interest towards lignosulfonates is caused 
by their high surface activity. High surface activity of sodium lignosulfonates  
in the flow environment of oil-saturated reservoirs decreases the surface tension force  
at the interphase between two fluid phases and helps overcoming the resistance to the fluid  
flow created by capillary forces in the pore space, and also aids in recovery of oil from  
low-permeability interlayers that have not been swept by water flooding earlier [15, 16]. 

According to some estimates, more than two-thirds of the oil fields in Russia are at the third and 
fourth (closing) stages of development. Many of these fields have both high-permeability watered-
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out zones and low-permeability oil-saturated layers that have not been swept by water  
flooding [17]. The use of technical grade sodium lignosulfonates at the fields with similar geological 
setting preceded by laboratory tests of selective water shut-off technology allows increasing  
the displacement ratio and the total volume of produced oil. 

The paper [18] reviews the potential for the use of sodium lignosulfonate with the purpose of 
reducing the amount of precipitated polymers and surfactants for their subsequent penetration into 
the reservoir. Lignosulfonates are part of gelling agents intended for the improvement of resistance 
to fluid flow in the reservoir during selective water isolation workovers. Their use permits in-
creasing the water shut-off efficiency in the reservoirs flushed in saline and fresh water even with 
high pressure differential [19, 20].  

Lignosulfonates are known as the salts of lignin sulfonic acids, usually of sodium and  
potassium. Lignosulfonates have a polymeric structure, surfactant properties, and weak acidity. Tech-
nical grade lignosulfonates (LS) are economically attractive as they are a by-product of pulp cooking 
[9, 11]. The density of liquid LS solutions varies from 1.23 to 1.26 g/ml depending on  
the concentration. Lignosulfonates can also be available in solid form, as a powder of brown color. 
Sodium lignosulfonates typically have weak acidity (pH 4.5-5.5) [21]. 

Lignosulfonates are put to good use in various well in various technological activities in oil 
and gas industry [7, 8]. They have been successfully used in drilling mud formulations since the 
middle of the last century [3]. They aroused the interest of the industry as displacement agents in 
early 80-s abroad [9, 10]. However, in spite of many research efforts and patents secured  
for new technologies, this trend has not become commonly used for commercial applications  
[11, 12]. There is a number of patents [22, 23] and studies [24, 25] in the field of acid treatment 
optimization involving the addition of lignosulfonates for the reduction of the rate of dissolution 
of carbonates and increase of the acid treatment coverage of the reservoir, chemical properties  
of lignin sulfonic acids produced from sodium and potassium lignosulfonates are being  
studied [26, 27]. 

Carbonate reservoir rocks containing oil and gas normally display high degree of the properties 
anisotropy. The anisotropy of the properties of rock composing the reservoirs of oil fields has strong 
impact on porosity and permeability of rock and on the field development in general [28]. The aniso-
tropic effect is evident during petrophysical tests as a heterogeneous permeability measured either 
parallel or normal to bedding [29]. 

When water flood displacement is used, steady-state flow of the fluid through high-permea-
bility zones is achieved. At the same time, the interlayers with poor poroperm (porosity and per-
meability) properties remain unaffected and contain significant volumes of oil. This phenomenon 
results in increased water cut of producing wells and reduces the oil recovery [30]. In response 
to this problem, petroleum engineers use various technologies to divert the direction of flow  
in the reservoir or change the properties of individual layers [31, 32], such as, conformance  
control and flow profile modification. This assists the water ingress into unaffected reservoir 
zones [33]. 

To date, the efficiency of oil recovery from the reservoirs by advanced commercially adopted 
reservoir engineering techniques remains unsuccessful in all oil producing countries worldwide, 
given that consumption of petroleum refinery products continues to increase globally [34]. By some 
estimates the residual oil is believed to be averagely 50 to 70 % of the initial  
in-place oil, while the average oil recovery factor rarely reaches 40 % [35]. 
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One of the centerpieces of oil recovery enhancement are laboratory tests supporting the oil re-
covery enhancement interventions, which is confirmed by a number of papers written by Russian and 
foreign petroleum scientists. Thus, the paper [36] states that the reservoir modeling using the cores in 
laboratory is one of the most reliable techniques to evaluate the reservoir behavior under the influence of 
various processes and phenomena, including testing various enhanced oil recovery methods.  
Paper [37] notes that the most reliable information concerning the poroperm and physical properties of 
oil reservoir rock can be obtained by the core studies. These laboratory tests include the simulation of 
various technologies using the cores or sand packed tubes in the natural in-situ conditions, and allow 
evaluating the efficiency of the technologies in question by visual demonstration.  

According to some sources [38, 39], to improve the fidelity of the results obtained by enhanced 
oil recovery technologies simulation in laboratory, one needs to take into account the specific geo-
logical structure of the rock being investigated, therefore the selection of the reservoir models is of 
utmost importance.  

Researches worldwide have used various approaches to selecting adequate reservoir models. 
Thus, papers [40, 41] describe the improved methods for determination of physical and hydrodynamic 
characteristics on full-size core samples (displacement efficiency and relative phase permeability) 
that allow increasing the reliability of results obtained in laboratory when studying the reservoirs with 
a complex structure. Full-size core tests allow, among other things, determining the porosity and 
permeability cut-off values for the reservoirs [42, 43]. 

Paper [44] mentions various mathematical models and calculation methods as tools that can be 
used for the reservoir flow simulation in addition to the cores. The tasks of flow simulation in the 
rock pore space typically involve high dimensionality (approx. 109 cells), computational domain of 
complex geometry, complex physical processes (multiple phases, multiple components, varying tem-
perature, chemical reactions, etc.). 

Experimental studies [45] intended for validation of the technology to recover the residual oil from 
heterogeneous terrigenous reservoirs used sand packed tubes of the layered-heterogeneous reservoir pre-
pared with quartz sand. Flow tests of the designed emulsion formulation were done in laboratory condi-
tions, and have proven its water-repelling properties. 

The objective of the study is to investigate into the possibility of using aqueous lignosulfonate 
solutions as the base for displacement agents. To that end one needs to evaluate the rheological  
properties of technical grade sodium lignosulfonate solutions. Rheological characteristics are im-
portant parameters in the oil reservoir flow studies. These parameters should be determined for further 
studies of the oil displacing capacity of solutions, including the use of sand packed tubes and  
core samples. 

The next step is to use the results of these laboratory studies in order to assess the efficiency of 
using aqueous solutions of technical grade sodium lignosulfonate as displacement agents in sand 
packed tubes. Then, their usefulness as the limiters of water inflow from high-permeability zones 
should be checked.  

Materials and methods. Aqueous solution of technical grade lignosulfonate produced by Perm 
Pulp and Paper Mill (OOO “Prikamsky Cardboard”) was chosen as the object of the research. 

The properties of the solution were investigated at the first phase of the study. Dry solids  
concentration in the solution was determined by evaporation as 202.7 g/l. Then 10 wt.% technical 
grade LS solution was prepared. Based on the outcome of previous tests, this concentration  
displayed fast settling in the bottles containing 15 and 20 wt.% LS solution, which prevented from 
creating identical conditions for the experiment. The rheological tests of 5 wt.% LS solutions estab-
lished that viscosity of the tested solution was only slightly different from viscosity of  
the water. The rheological tests were carried out on Brookfield PVS rheometer as per  
RD 39-0147103-329-86 guidelines and rheometer user manual [46]. 
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The second phase was dedicated to flow tests. Pending the tests, the model of 180 g/l NaCl  
reservoir water, non-polar kerosene (oil model) and lignosulfonate solution were prepared.  
The properties of saturating fluids at 21 C were determined earlier (Table 1). 

A total of four sand packed tubes were  
prepared. Models 1 and 2 exhibited relatively high 
permeability, the quartz sand particles size varying 
from 160 to 300 m. Sand packed tubes  
3 and 4 had relatively low permeability,  
the particle size varying from 63 to 160 m. Labor-
atory experiments intended for investigation  
of the behavior in the displacement of oil from lay-
ered heterogeneous reservoirs normally  

involve sand packed tubes (models) of porous media [47, 48]. 
The case of the sand packed tube was made of stainless steel. The grains of coarse silicate sand 

(more than 300 m) were glued to the inner cylindrical surface of the tube case with epoxy to  
increase the roughness and significantly reduce the throughput volume of the solution pumped 
through the tube along its walls. The inner diameter of the tube was 20 mm, its length was 300 mm, 
and the estimated volume of the model including the filters was 92.67 cm3 (Fig.1, а). 

The tube models were filled with sand that then was tightly compacted. Filters of blotting  
paper and metal wire mesh were installed at the inlet and outlet of the models to prevent the clogging 

 
Table 1 

 
The properties of saturating fluids 

 

Fluid Viscosity, mPa∙s Density, g/cm3 

Reservoir  water 1.502 1.116 
Kerosene 1.490 0.7700 
10 wt.% LS 5.640 1.0093 

 

Fig.1. Schematic diagram of experimental apparatus (а) and general layout of the sand packed tube model (b) 
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of inlet tubes (Fig.1, b). The tests were done  
using the core analysis apparatus UIK-5(7)  
designed for evaluation of porosity and permea-
bility and other parameters of reservoir rock  
under the pressure and temperature simulating the 
natural in-situ conditions. 

The sand packed model prepared as describe 
above was put in the core analysis apparatus  
instead of the core holder. Constant delivery 
pumps created the reservoir pressure in the  
“piston cylinders – sand packed models system” 
(Fig.1, а). Further, saturating fluids and lignosul-
fonate solution were injected into the sand packed 
model through the piston cylinders. Backpressure 
was created through the backpressure unit. Pres-
sure differential at the inlet and outlet of  
the model was determined by the readings of dif-
ferential gauges of the test assembly. A high-pre-
cision high-pressure burette was connected to the assembly for the measurement of displaced oil  
volume. The simulated temperature of the sand packed tube model was 21 C. The reservoir pressure 
was determined as 20 MPa.  

Results. At the first stage, rheological characteristics of 10 wt.% technical grade lignosulfonate 
solution were investigated. The sample under investigation exhibited the properties of Newtonian 
fluids, i.e. the static shear stress was equal to zero and the flow curves displayed linear behavior at all 
tested temperatures (Fig.2).  

As the temperature decreases, dynamic viscosity increases as compared to viscosity at 80 С:  
1.3 times at 60 С; 1.9 times at 40 С; and 2.8 times at 20 С. The relationship of dynamic viscosity 
of 10 % technical grade lignosulfonate solution to the temperature is shown on Fig.3, а. The dynamic 
viscosity is linearly dependent on the concentration of technical grade lignosulfonate in the solution 
(Fig.3, b). 

At the second stage of the study, the displacing ability of technical grade lignosulfonate solution 
was investigated.  

High-permeability sand packed tubes. Once packed with sand, high-permeability sand packed 
tubes 1 and 2 were evaluated for their porosity, which averagely was measured at 32.72 %. The reservoir 
pressure and backpressure of 20 MPa was created. As the next step, reservoir  water with  
the solids content of 180 g/l was filtered through the tubes at various flow rates. Permeability of the 
sand packed tubes to the modeled reservoir water was 28 and 62 D, respectively. After that,  

Fig.2. Rheological curves of technical grade lignosulfonate  
flow (10 wt.%) at various temperatures 

1 – 80 С, forward stroke; 2 – 80 С, backward stroke; 3 – 60 С,  
forward stroke; 4 – 60 С, backward stroke; 5 – 40 С, forward  
stroke; 6 – 40 С, backward stroke; 7 – 20 С, forward stroke;  

8 – 20 С, backward stroke 
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Fig.3. Relationship of technical grade lignosolfonate dynamic viscosity: а – at 10 wt.% concentration to temperature;  
b – at 21 C to the concentration in aqueous solution 
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the reservoir water was displaced with non-polar kerosene, 
and at the same time permeability of the sand packed tubes 
1 and 2 to kerosene were determined, which equaled 34  
and 95 D, respectively. 

At the next stage, kerosene was displaced from the 
sand packed tubes by the modeled reservoir water for the 
first sand packed tube, and by aqueous solution of tech-
nical grade lignosulfonate (10 wt.%) for the second sand 
packed tube (see Table 1). The displacement was done us-
ing high-precision burette. The displacement by modeled 

reservoir water proceeded with constant speed, piston type displacement behavior was noted, and 
more than 80 % of all displaced kerosene was displaced during the flow equal to the first two pore 
volumes of the sand packed tube. Once the flow was stopped, the level of displaced fluid in the  
burette had stopped moving at the same time. The total displacement ratio was calculated in  
accordance with the referenced source [39] and equaled 35.80  %. 

The experiment with displacement of kerosene from the sand packed tube by technical grade 
lignosulfonate (10 wt.%) showed a controversial result. In contrast to the displacement by modelled 
reservoir water, the displacement process was proceeding at varying speed, and when during the dis-
placement by this solution the flow stopped, the fluid level in the burette continued to increase for 
some time. Even at the initial stages of displacement (the first two pore volumes), a water-and-kero-
sene mixture exited the sand packed tube, while technical grade lignosulfonate apparently blocked 
part of the pore channels of the sand packed tube, and was not displaced due to a significant increase 
in viscosity, which as a consequence notably decreased its hydrodynamic mobility. The displacement 
ratio was calculated as per the referenced source [39] as 60.99  %.  

When disassembling the sand packed tube, it was visually established that technical grade lig-
nosulfonate solution successfully passed through the inlet filter, and penetrated 5 to 7 cm inside the 
sand packed tube. During displacement, technical grade lignosulfonate formed a jellylike layer, which 
was due to its polymeric physical properties (Fig.4). 

Low-permeability sand packed tubes. Low-permeability sand packed tubes 3 and 4 were investigated 
in the same way – they were filled with sand and packed similarly. After sand-packing, the model tubes 
were evaluated for porosity that averaged at 26.21 %. The temperature of the sand packed tube was 21 C, 
and the reservoir pressure and backpressure were simulated at 20 MPa.  

Then, reservoir water with the solids content of 180 g/l was filtered through the tubes at various 
flow rates. The permeability of model 3 to reservoir water was 315.87 mD, while for model 4 it was 
358.25 mD. Such a difference was likely to be caused by varying force applied during the packing of 
sand into the tubes. 

After that, the reservoir water was displaced with non-polar kerosene, and at the same time per-
meability of the sand packed tubes to kerosene was determined. Permeability to modeled oil for sand 
packed tube 3 was 252.52 mD, and for sand packed tube 4 it was 315.24 mD. 

At the next stage, kerosene was displaced from the sand packed tubes by the modeled reservoir 
water for sand packed tube 3, and by aqueous solution of technical grade lignosulfonate (10 wt.%) 
for sand packed tube 4. High-precision burette was used. The displacement of kerosene from sand 
packed tube 3 by modeled reservoir water proceeded fairly evenly, as indicated by displacement be-
havior of non-polar kerosene. Most of the kerosene was displaced during the flow equal to the first 
two pore volumes of the sand packed tube. Once the flow was stopped, the level of displaced fluid in 
the burette had immediately stopped moving. The displacement ratio equaled 22.85 %.    

The process of kerosene displacement in model 4 by technical grade lignosulfonate aqueous 
solution (10 wt.%) was similar in behavior to the experiment ran on model 2. In contrast  
to displacement by modeled reservoir water, once the flow was stopped during the displacement  

Fig.4. A jellylike layer of technical grade LS  
removed from disassembled tube 
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by lignosulfonate solution, the level of fluid in the burette continued to rise for some time. Even at 
the initial stage of displacement (the first two pore volumes), a water-and-kerosene mixture exited 
the sand packed tube, while technical grade lignosulfonate apparently blocked the pore channels of 
the sand packed tube, and was not displaced. The displacement ratio was 28.95 %. When disassem-
bling the sand packed tube, it was visually established that technical grade lignosulfonate solution 
passed through the inlet filter, and penetrated 5 to 7 cm inside the sand packed tube, just as it did in 
the previous experiments. 

For the results of the tests see Table 2 below.  
 

Table 2 
 

Flow test results 
 

Parameter measured Sand packed tube 1 
(160-300 m) 

Sand packed tube 2 – LS 
(160-300 m) 

Sand packed tube 3 
(63-160 m) 

Sand packed tube 4 – LS 
(63-160 m) 

Permeability to reservoir water, D 28 62 0.32 0.36 
Permeability to kerosene, D 34 95 0.25 0.31 
Displacement ratio, % 35.80 60.99 22.85 28.95 

 
Discussion. The results obtained through rheological tests show that in the range of temperature 

between 20 and 80 C lignosulfonate solution in question exhibits the properties of Newtonian fluids. 
As the temperature increases, the viscosity of the solution decreases, and this relationship is expo-
nential.  

It was established that the use of technical grade lignosulfonate as a displacement agent can 
significantly increase the oil displacement from high-permeability sand packed tubes, and slightly 
improve the displacement ratio in low-permeability environment. Following the outcome of the study, 
have arrived at the conclusion that during filtration the particles of lignosulfonate settle in relatively 
large pores and channels of the reservoir model by gravity force, and improve the conformance in the 
pore space.  

In low-permeability sand packed tubes, rock particles were likely to have almost similar grain 
size, and the pore space had a relatively homogeneous structure, so the particles of technical grade 
lignosulfonate settled in the pore space of the sand packed tube uniformly, and had a lesser effect on 
the displacement ratio increase. 

Conclusion. The study involved the investigations of rheological properties of technical grade 
lignosulfonate aqueous solution (10 wt.%). The solution was investigated to be used as the base of 
displacement agents intended for redistribution of fluid flows in oil reservoirs. The selective water 
shut-off is achieved among other things by increased viscosity of the composition as compared to 
reservoir water, as well as by flocculating clots that isolate high-permeability reservoir zones, ensur-
ing increased sweep efficiency from low-porosity zones of the pore space, while the surfactant prop-
erties of the solution aid in additional displacement of the residual oil. The study has established that 
during the displacement of modelled residual oil by technical grade lignosulfonate solution, the dis-
placement ratio has increased averagely by 41.3 % for high-permeability sand packed tubes, and by 
21.1 % for low-porosity sand packed tubes. 

The obtained results show that at high concentrations technical grade sodium lignosulfonate 
aqueous solutions probably act as effective water inflow limiters in high-permeability heterogeneous 
reservoirs. For a more accurate characterization of these solutions, additional tests with the oil reser-
voir cores will be required. 

When technical grade lignosulfonate aqueous solutions (10 wt.%) were used as a displacement 
agent in the sand packed tubes with the properties comparable to those of real-world oil reservoir 
rock, the displacement ratio had increased in a lesser degree, all other conditions being equal. 
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Due to the need to collect an array of data from the results of the experiments carried out in 
various conditions (temperature, pressure, salinity, composition of reservoir water, and rock lithol-
ogy), the results are preliminary, if used for statistical processing. 

 
 

REFERENCES  
 

1. Bayazitova S.R. The Effect of Hydrochlorid-Acid Bottomhole Formation Treatment on Flow Stimulation. Oil and Gas  
Territory. 2018. N 4, p. 24-27 (in Russian). 

2. Musabirov M.Kh., Dmitrieva A.Yu. Patent N RU2679029. Composition for acid treatment near-wellbore zone reservoir  
(options). Publ. 05.02.2019. Bul. N 4 (in Russian). 

3. Setiati R., Prakoso S., Siregar S. et al. Improvement of bagasse become lignosulfonate surfactant for oil industry. IOP Conference 
Series: Earth and Environmental Science. Bristol: IOP Publishing, 2018. Vol. 106. N 012105. DOI: 10.1088/1755-1315/106/1/012105 

4. Gubaidullin M.G., Yuriev A.V., Belozerov I.P. Experimental Study of Relative Phase Permeability and Factors of Oil  
Replacement by Water in Complicatedly-Composed Reservoirs. Geology, geophysics and development of oil and gas fields. 2017. N 2, 
p. 49-52 (in Russian). 

5. Vaganov Yu.V., Kustyshev A.V., Yagafarov A.K. Combined Technology of an Oil Formation Stimulation during  
the Latest Stage of its Development. Oilfield Engineering. 2014. N 11, p. 5-10 (in Russian). 

6. Mardashov D.V., Bondarenko А.V., Raupov I.R. Technique for calculating technological pa-rameters of non-Newtonian 
liquids injection into oil well during workover. Journal of Mining Institute. 2022. Vol. 258, p. 881-894. DOI: 10.31897/PMI.2022.16 

7. Afif M.F., Purti A.M.R., Rahmawati K., Nuravifah U. Optimizing composition of sodium lignosulfonate and oleic acid to 
reach IFT 10–3 mixed surfactant on EOR operation. Proceedings, Indonesian Petroleum Association, Thirty Ninth Annual Convention 
& Exhibition, 20-22 May 2015, Jakarta, Indonesia. 2015, p. 1-10. DOI: 10.29118/IPA.47.15.SE.104 

8. Baojun Bai, Jianqiao Leng, Mingzhen Wei. A comprehensive review of in-situ polymer gel simulation for conformance control. 
Petroleum Science. 2022. Vol. 19. Iss. 1, p. 189-202. DOI: 10.1016/j.petsci.2021.09.041 

9. Poplygina I.S., Mordvinov V.A. Using a Gel-Forming Composition to Reduce the Water Re-habilitation of Oil Wells with 
High-Vision Oil. Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2019. Vol. 330. N 12, p. 37-43 (in Russian). 
DOI: 10.18799/24131830/2019/12/2390 

10. Narisu, Erofeev V.I. Investigation and Application of Integrated Technology of the Plant for Improvement of Petroleum Oil 
Refining. Advances in Current Natural Sciences. 2017. N 10, p. 96-100 (in Russian). 

11. Mordvinov V.A., Poplygina I.S. Patent N RU2747726. Composition for inflow conformance control in injection wells. 
Publ. 13.05.2021. Bul. N 14 (in Russian). 

12. Patent N CN1327026A China. Chemical oil-displacing agent of lignosulfonate modified by long carbon chain containing 
fatty amide. Publ. 19.12.2001. 

13. Lugovitskaya T.N., Bolatbaev K.N., Ostrovnoi K.A. Bulk and Surface Properties of Lignosulfonic Acids and Their Salts. 
Russian Journal of Applied Chemistry. 2014. Vol. 87. N 4, p. 433-439. 

14. Sagala F., Muhammad M., Norhisyam I. et al. Formulation of Surfactants from Coconut Coir Containing Lignosulfonate for 
Surfactant – Polymer Flooding. American Journal of Science and Technology. 2016. Vol. 3. Iss. 3, p. 63-72. 

15. Sentemov A.A., Dorfman M.B. Study of Thickening Additives Influence on the Efficiency of Carbonate Formations 
Acid Treatment. Geology, geophysics and development of oil and gas fields. 2022. N 3 (363), p. 60-65 (in Russian). 
DOI: 10.33285/2413-5011-2022-3(363)-60-65 

16. Grachev S.I., Korotenko V.A., Kushakova N.P. Study on influence of two-phase filtration transformation on formation of 
zones of undeveloped oil reserves. Journal of Mining Institute. 2020. Vol. 241, p. 68-82. DOI: 10.31897/PMI.2020.1.68 

17. Shagiakhmetov A.M., Podoprigora D.G., Terleev A.V. The study of the dependence of the rheological properties  
of gelforming compositions on the crack opening when modeling their flow on a rotational viscometer. Periódico Tchê Química. 2020. 
Vol. 17. Iss. 34, p. 933-939. DOI: 10.52571/PTQ.v17.n34.2020.957_P34_pgs_933_939.pdf 

18. Das B.M., Gogoi S.B., Mech D. Micellar-polymer for enhanced oil recovery for Upper Assam Basin. Resource-Efficient 
Technologies. 2017. Vol. 3. Iss. 1, p. 82-87. DOI: 10.1016/j.reffit.2017.01.003 

19. Delgado N., Ysambertt F., Chávez G. et al. Valorization of Kraft Lignin of Different Molecular Weights as Surfactant Agent 
for the Oil Industry. Waste and Biomass Valorisation. 2019. Vol. 10. Iss. 11, p. 3383-3395. DOI: 10.1007/s12649-018-0352-4 

20. Ketova Yu.A., Bai B., Khizhnyak G.P. et al. Testing of preformed particles polymer gel technology on core filtration  
models to limit water inflows. Journal of Mining Institute. 2020. Vol. 241, p. 91-96. DOI: 10.31897/PMI.2020.1.91 

21. Dongjie Yang, Huijing Li, Yanlin Qin et al. Structure and Properties of Sodium Lignosulfonate with Different Molecular 
Weight Used as Dye Dispersant. Journal of Dispersion Science and Technology. 2015. Vol. 36. Iss. 4, p. 532-539. 
DOI: 10.1080/01932691.2014.916221 

22. Kalfoglou G. Patent N US6186231B1. Conformance improvement in hydrocarbon bearing underground strata using ligno-
sulfonate-acrylic acid graft copolymer gels. Publ. 13.02.2001. 

23. Balakirov Yu.A., Mikitchenko D.V. Patent N 2230186 RF. Composition for production of hydrochloric acid in inactive 
form. Publ. 10.06.2004 (in Russian). 

24. Gbadamosi A.O., Junin R., Manan M.A. et al. An overview of chemical enhanced oil recovery: recent advances and prospects. 
International Nano Letters. 2019. Vol. 9, p. 171-202. DOI: 10.1007/s40089-019-0272-8 

25. Glushchenko V.N., Ptashko O.A. Filtratrion research of novel acidic compounds for treatment of carbonate reservoirs. Bul-
letin of Perm National Research Polytechnic University. Geology. Oil & Gas Engineering & Mining. 2014. N 11, р. 46-56 (in Russian). 
DOI: 10.15593/2224-9923/2014.11.5 



 

 

Journal of Mining Institute. 2023. Vol. 264. P. 865-873 
© Mikhail B. Dorfman, Andrei А. Sentemov, Ivan P. Belozerov, 2023 

EDN DZDUVM 

873
This is an open access article under the CC BY 4.0 license  

26. Wei Chen, Xin-wen Peng, Lin-xin Zhong et al. Lignosulfonic Acid: A Renewable and Effective Biomass-Based 
Catalyst for Multicomponent Reactions. ACS Sustainable Chemistry & Engineering. 2015. Vol. 3. Iss. 7, p. 1366-1373. 
DOI: 10.1021/acssuschemeng.5b00091 

27. Silin M.A., Magadova L.A., Davletshina L.F. et al. Particularities of sulfamic acid properties increasing the effectiveness of 
acid treatments. Oil Industry. 2021. N 1, p. 44-47 (in Russian). DOI: 10.24887/0028-2448-2021-1-44-47 

28. Sentemov A.A., Dorfman M.B. Percolation Approach in Reservoir Simulation of Well Treat-ment Methods. Bulletin  
of the Tomsk Polytechnic University. Geo Assets Engineering. 2022. Vol. 333. N 7, p. 157-165 (in Russian). 
DOI: 10.18799/24131830/2022/7/3612 

29. Kuzmin V.A., Mikhailov N.N., Maksimov V.M., Gurbatova I.P. Results of carbonate rock microstructure studies under 
electronic microscope and computer analysis of images. Georesursy, geoenergetika, geopolitika. 2011. N 1 (3), p. 8 (in Russian). 

30. Tananykhin D.S., Struchkov I.A., Khormali A., Roschin P.V. Investigation of the influences of asphaltene deposition on 
oilfield development using reservoir simulation. Petroleum Exploration and Development. 2022. Vol. 49. Iss. 5, p. 1138-1149. 
DOI: 10.1016/S1876-3804(22)60338-0 

31. Dorfman M.B., Kharitonov M.M., Sentemov A.A. Study of Water Shut-Off Compositions Penetration in Heterogeneous 
Formation by 3D Modeling. Oilfield Engineering. 2021. N 9 (633), p. 26-29 (in Russian). DOI: 10.33285/0207-2351-2021-9(633)-26-29 

32. Mikhailov N.N., Zakenov S.T., Kiynov K.K. et al. The Experience of Implementation of Polymer Flooding Technology in 
Oil Fields Characterized by a High Degree of Salinity of Reservoir and Injected Waters. Oil Industry. 2019. N 4, p. 74-78 (in Russian). 
DOI: 10.24887/0028-2448-2019-4-74-78 

33. Azis M.M., Rachmadi H., Wintoko J. et al. On the use of sodium lignosulphonate for enhanced oil recovery.  
IOP Conference Series: Earth and Environmental Science. Bristol: IOP Publishing, 2017. Vol. 65. N 012030.  
DOI: 10.1088/1755-1315/65/1/012030 

34. Prischepa O., Nefedov Y., Nikiforova V., Xu Ruiming. Raw material base of Russia’s unconventional oil and gas  
reserves (hydrocarbons shale strata). Frontiers in Earth Science. 2022. Vol. 10. N 958315. DOI: 10.3389/feart.2022.958315 

35. Sheng J.J., Leonhardt B., Azri N. Status of Polymer-Flooding Technology. Journal of Canadian Petroleum Technology. 
2015. Vol. 54. Iss. 2, p. 116-126. DOI: 10.2118/174541-PA 

36. Sallam S., Ahmad M.M., Nasr M., Gomari S.R. Reservoir Simulation for Investigating the Effect of Reservoir Pressure on Oil 
Recovery Factor. International Journal of Advanced Research in Science, Engineering and Technology. 2015. Vol. 2. Iss. 10, p. 875-882. 

37. Zhukov V.S., Kuzmin Yu.O. Experimental evaluation of compressibility coefficients for fractures and intergranular pores  
of an oil and gas reservoir. Journal of Mining Institute. 2021. Vol. 251, p. 658-666. DOI: 10.31897/PMI.2021.5.5 

38. Putilov I.S., Rekhachev P.N., Gurbatova I.P. et al. Full-size core epoch at laboratory research of EOR technologies. Bulletin 
of Perm National Research Polytechnic University. Geology. Oil & Gas Engineering & Mining. 2016. Vol. 15. N 19,  
р.155-164 (in Russian). DOI: 10.15593/2224-9923/2016.19.6 

39. Yurev A.V. Improvement of reservoir rock porosity and permeability determination methods using full-size cores (using the 
case of a number of fields in the Timan-Pechora oil and gas province): Avtoref. dis. … kand. tekhn. nauk. Perm: Permskii natsionalnyi 
issledovatelskii politekhnicheskii universitet, 2019, p. 19 (in Russian). 

40. Zhihao Jia, Linsong Cheng, Peng Wang et al. A Practical Methodology for Production Data Analysis in Carbonate Reservoirs 
Using New Decline Type Curves. Geofluids. 2020. Vol. 2020, p. 1-17. DOI: 10.1155/2020/1873236 

41. Shedid A.S. Prediction of vertical permeability and reservoir anisotropy using coring data. Journal of Petroleum Exploration 
and Production Technology. 2019. Vol. 9. Iss. 3, p. 2139-2143. DOI: 10.1007/s13202-019-0614-0 

42. Barros-Galvis N., Villaseñor-Rojas P., Samaniego F. Analytical Modeling and Contradictions in Limestone Reservoirs: 
Breccias, Vugs, and Fractures. Journal of Petroleum Engineering. 2015. Vol. 2015, p. 1-28. DOI: 10.1155/2015/895786 

43. Belozerov I.P. Experimental determination of porosity and permeability properties of terrigenous reservoirs for  
creation and validation of a digital core model. Arctic Environmental Research. 2018. Vol. 18. Iss. 4, p. 141-147. 
DOI: 10.3897/issn2541-8416.2018.18.4.141 

44. Balashov V.A. Direct numerical simulation of fluid flows in the reservoir pore space: Avtoref. dis. … kand.  
fiz.-mat. nauk. Moscow: Institut prikladnoi matematiki im. M.V.Keldysha RAN, 2016, p. 18 (in Russian). 

45. Korolev M.I. Validation of technology for recovery of residual oil from heterogeneous terrigenous reservoirs using micro-
emulsion compositions: Avtoref. dis. … kand. tekhn. nauk. St. Petersburg: Saint Petersburg Mining University, 2019, p. 22  
(in Russian). 

46. Dorfman M.B., Sentemov A.A., Belozerov I.P. Studying rheological properties and reactivity of acid solutions with  
thickening additives. Oil and Gas Studies. 2021. N 1, p. 40-54 (in Russian). DOI: 10.31660/0445-0108-2021-1-40-54 

47. Hong He, Jingyu Fu, Baofeng Hou et al. Investigation of Injection Strategy of Branched-Preformed Particle Gel/Poly-
mer/Surfactant for Enhanced Oil Recovery after Polymer Flooding in Heterogeneous Reservoirs. Energies. 2018. Vol. 11. Iss. 8. 
N 1950. DOI: 10.3390/en11081950 

48. Drozdov N.A. Filtration studies on cores and sand packed tubes from the Urengoy field for determining the efficiency of 
simultaneous water and gas injection on formation when extracting condensate from low-pressure reservoirs and oil from oil rims. 
Journal of Mining Institute. 2022. Vol. 257, p. 783-794. DOI: 10.31897/PMI.2022.71 

 
 
Authors: Mikhail B. Dorfman, Candidate of Engineering Sciences, Associate Professor, https://orcid.org/0000-0002-

7261-7419 (Northern (Arctic) Federal University named after M.V.Lomonosov, Arkhangelsk, Russia), Andrei А. Sentemov,  
Assistant Lecturer, a.sentemov@narfu.ru, https://orcid.org/0000-0003-0546-7243 (Northern (Arctic) Federal University named after 
M.V.Lomonosov, Arkhangelsk, Russia), Ivan P. Belozerov, Candidate of Engineering Sciences, Associate Professor, https://or-
cid.org/0000-0002-6425-6422 (Northern (Arctic) Federal University named after M.V.Lomonosov, Arkhangelsk, Russia).  

 
The authors declare no conflict of interests. 


