

ABSTRACT

The report consists of 69 pages, 6 figures, 11 tables, 33 sources.
MICROORGANISMS, ENHANCED OIL RECOVERY, SURFACE-ACTIVE SUBSTANCES, PETROLEUM EMULSION, ASSOCIATIONS.
Objects of research - 31 strains of microorganisms were used in the work, isolated from underground oil-water waters of the developed "Akingen" field.
The goal of the project is to create the technological scheme for enhanced oil recovery based on the association of microorganisms.
Model experiments were carried out in laboratory conditions using modern and traditional methods of physicochemical, genetic, biochemical and microbiological research. For comparative, statistical analysis and discussion of the obtained experimental results, computer programs were used.
All the tasks of stage 3, and the research work in general, were solved in full in accordance with the technical specification and the work schedule.
In 2020, 5 works were published, of which, a monograph - 1, articles - 4, of which 2 - in a peer-reviewed foreign scientific publication with a non-zero impact factor, and 2 publications in the journals CCES MES RK.













РЕФЕРАТ

Есеп 69 беттен, 6 сурет, 11 кесте, 33 әдебиет көздерінен тұрады.
МИКРООРГАНИЗМДЕР, МҰНАЙ ШЫҒАРУДЫ АРТТЫРУ, БЕТТІК АКТИВТІ ЗАТТАР, МҰНАЙДЫҢ ЭМУЛЬГИРЛЕНУІ, АССОЦИАЦИЯЛАР.
Зерттеу нысандары – жұмыс барысында «Ақінген» кен орнының жерасты мұнай пласт суларынан бөлініп алынған 31 штамм микроорганизмдері қолданылды.
Жобаның мақсаты микроорганизмдер ассоциациясы негізінде пласттардан мұнайдың шығуын арттыру технологиялық схемасын құру.
Модельдік тәжірибелер зертханалық жағдайда физика-химиялық, генетикалық, биохимиялық және микробиологиялық зерттеулердің заманауи және дәстүрлі әдістерін қолдана отырып жүргізілді. Алынған эксперимент нәтижелерін салыстыру, статистикалық талдау және талқылау үшін компьютерлік бағдарламалар қолданылды.
3 кезеңнің барлық міндеттері, жалпы ғылыми-зерттеу жұмысы техникалық сипаттамаға және жұмыс кестесіне сәйкес толық көлемде шешілді.
2020 жылы 5 жұмыс жарық көрді, оның ішінде монография - 1, жарияланымдар - 4, оның ішінде 2 - нөлдік емес импакт-факторы бар шетелдік ғылыми басылымда және ҚР БҒМ  БҒСБК (ККСОН) журналдарында 2 жарияланым.
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DEFINITIONS, DESIGNATIONS AND ABBREVIATIONS
The following terms are used in this report:

	Emulsifying activity
	–
	the ability to form emulsions, i.e. variances.

	Oil emulsifying activity (NEA)
	-
	the ability of surfactant-producing microorganisms to disperse oil, i.e. to the formation of the smallest oil emulsion, which increases the effectiveness of the contact of bacteria with oil.

	Surfactants (surfactants)
	-
	substances that have the ability to change the properties of the surface of the liquid in which they are dissolved.

	Biosurfactants (bio-surfactants)
	-
	surfactants of biological origin. Currently, the formation of such exo-cellular compounds by microorganisms is being intensively studied.

	Supernatant
	-
	the supernatant liquid remaining after the precipitation of the insoluble material.

	NA
	-
	nutrient agar

	NB
	-
	nutrient  broth

	MEOR
	-
	Microbial enhanced oil recovery 

	Reservoir flooding
	-
	injecting water into an oil reservoir is the most popular method for developing oil fields




INTRODUCTION

Kazakhstan is on a par with the richest Western, Arab and other countries in terms of oil and gas production, and is one of the twenty largest world producers, and in terms of hydrocarbon reserves, it is in the top ten countries [1, 2].
However, in recent years, the problem of completeness of oil recovery from reservoirs has become more urgent, since residual or non-recoverable oil reserves by industrially developed methods of development reach an average of 55-75% of the initial geological oil reserves in the depths. As you know, Kazakhstan is currently going through a late stage of development. The products produced in Kazakhstani fields have reached a high level of water cut (80-90%), and the volume of undeveloped oil reserves remaining in the subsoil is up to 60-70%. In this connection, the development of tertiary methods of enhanced oil recovery will allow the rational use of natural oil resources and obtain economic benefits from the production of additional oil [2, 3].
Thus, the solution to the problem of developing new technologies to increase the oil recovery of already developed reservoirs, where it is no longer possible to extract significant residual oil reserves by traditional methods, is urgent.
Purpose of work: creation of the technological scheme for enhanced oil recovery based on the association of microorganisms.
At the previous stages, work was carried out on the selection of strains of microorganisms with oil-diluting and oil-displacing properties under aerobic and anaerobic conditions. There were isolated and identified 31 strains of microorganisms isolated from the oil-water waters of the Akingen field conserved due to flooding. Based on the study of inter-strain antagonistic relationships and target properties of 5 selected strains, 12 associations of microorganisms were constructed. In the course of studying 6 target properties - oil emulsification, acid formation, gas formation in aerobic and anaerobic conditions - 5 active associations of microorganisms were selected. Based on the results obtained, reports were prepared:
Stage 1 - screening of microorganisms capable of releasing metabolites required to enhance oil recovery. Identification of the selected cultures of microorganisms. (inventory number 0218RK00737 - 2018)
Stage 2 - the creation of an association based on the combination of the properties of microorganisms and the selection of a nutrient medium (inventory number 0219RK01230 - 2019)
The purpose of this (3rd) stage of work is to draw up a process flow diagram for enhanced oil recovery using the association of microorganisms in model experiments.
In accordance with the schedule for the implementation of research work at the 3rd stage, the following tasks were set:
Research objectives:
1. Selection of nutrients (industrial waste) for introduction into the reservoir with microorganisms.
2. Creation of a technological scheme for carrying out enhanced oil recovery by means of an association of microorganisms.
Cultures of microorganisms isolated from oil-water waters of operating oil fields are promising objects for the development of biotechnological methods of increasing oil recovery.
The novelty of the results obtained at this stage consists in obtaining microbial associations consisting of strains of microorganisms adapted to the extreme conditions of oil-producing regions, capable of increasing the mobility of oil in oil reservoirs due to high hydrocarbon-oxidizing, acid, gas and surfactant synthesizing activities.
The research results can be used to carry out experimental and technological work aimed at isolating new microorganisms that are promising in remediation technologies; creation of new biological products-destructors for the restoration of disturbed ecosystems; development of oil pollution treatment technology.
Model experiments were carried out in laboratory conditions using modern and traditional methods of physicochemical, genetic, biochemical and microbiological research. For comparative, statistical analysis and discussion of the obtained experimental results, computer programs were used.
The work was carried out on the basis of the accredited testing laboratory of the DGP on the RHV "Research Institute of Ecology" of the RSE on the RGP "KazNU im. al-Farabi "(ST RK ISO / IEK 17025-2018). Inventory number 2018 0218RK00737, 2019 0219RK01230.
MAIN PART

[bookmark: topic]1 Selecting research area
Currently, the average world level of oil recovery by industrially developed primary and secondary methods is 25-40%, however, many experts believe that in the foreseeable future the oil recovery factor may reach 50-60% and even 70-80% [3, 4]. Lifting oil from the bottom of the well to the surface using natural energy is called primary oil production. During the subsequent operation of the well, the reservoir pressure decreases and the oil production process is carried out due to the energy introduced into the well from the surface (water and gas injection) - secondary methods of increasing oil recovery. After the available oil has been produced, the well is usually preserved. In such flooded oil reservoirs, the pressure in the reservoir decreases, and the specific weight of deposits with high viscosity of residual oil increases. Consequently, the main objective of enhanced oil recovery is to increase the pressure in the reservoir and decrease the oil viscosity.
The problem of the completeness of oil extraction from the developed reservoirs is becoming more relevant in Kazakhstan, due to the long-term operation of existing fields, the country is going through a period of a late stage of oil field development. The products produced at these fields have reached a high level of water cut (80-90%), and the volume of undeveloped oil reserves remaining in the subsoil is up to 60-70%. In addition, most of the fields in Kazakhstan belong to the category of hard-to-recover oil reserves, as they are characterized by low permeability, increased oil viscosity and complex geological structure of oil reservoirs [5, 6]. It should be noted that the complexity of the development of fields in Kazakhstan lies in the fact that from the very beginning of these works, the tasks of using new technologies for effective oil extraction were not set at all, and therefore were not solved [2].
In this connection, enhanced oil recovery by tertiary methods will make it possible to more efficiently use natural oil resources and obtain economic benefits from the production of additional oil.
Tertiary methods include the following enhanced oil recovery (EOR) methods:
1) chemical (flooding using surfactants, liquid solvents, polymers),
2) gas (injection of hydrocarbon gases, carbon dioxide, nitrogen),
3) thermal (displacement of oil by heat carriers, exposure using in-situ exothermic oxidative reactions),
4) microbiological [4, 5].
When using physicochemical technologies for oil recovery, displacement occurs, but unevenly throughout the volume of the reservoir. First of all, oil is released from large pores, while remaining in small ones. The moment comes when all the injected water begins to pass through large pores, from which oil has already been displaced. At the same time, oil retained in small pores due to capillary effects remains not involved in this process.
Microbiological enhanced oil recovery methods are attracting attention for their relatively low capital intensity, high efficiency in relation to hard-to-recover residual oil, and environmental safety. Microbiological EOR can increase the current oil production by 4.5-25%, which is comparable to the discovery of a new field. Technical and economic calculations carried out to clarify the effectiveness of the method show that even against the background of a constant increase in energy prices, the payback period for microbiological methods is 1.5-2 years [7-9].
Additional oil production with the help of microorganisms is based on the purposeful use of their physiological and biochemical characteristics. These include the ability of microorganisms to grow in a wide range of temperatures, pressures, salinity of waters, in aerobic and anaerobic conditions, the ability to use a variety of sources of food and energy for growth and life: from H2, CO2 to oil. Moreover, they form a wide variety of metabolites: gases (CH4, CO2, N2, H2), organic and fatty acids, solvents, surfactants, enzymes, various polymers, including polysaccharides [8, 10].
The use of any of the technologies should be preceded by a thorough study of the geological and petrophysical features of the field, the study of reservoir properties of rocks, physicochemical and microbiological conditions of the oil reservoir [5, 7, 11].
All microbiological methods of influence on oil reservoirs can be divided into two main groups. The first includes technologies that use the waste products of microorganisms obtained on the surface of the earth, and then inject into the reservoir in the form of a culture fluid containing the desired metabolites, or release and obtain metabolites (biopolymers and bio-surfactants) in pure form. The second group provides for the development of microbiological processes in order to obtain metabolites directly in the formation. In this case, the formation of oil-displacing agents as a result of microbiological activity occurs directly in the formation due to the additional introduction of microorganisms and additional sources of nitrogen and phosphorus into the formation. Thus, gases contribute to oil swelling, decreasing its viscosity and increasing reservoir pressure. Organic acids, which can dissolve calcites, increase the porosity and permeability of rocks. Enzymes of microorganisms cause the destruction of heavy oils and bitumen and, in combination with bio-surfactants, increase their mobility. The resulting solvents such as acetone, methanol, ethanol, butanol dilute the oil. In the fishing practice of various countries, biotechnologies of the second group are mainly used [4, 12-15].
A technical solution to regulate the number of bacteria in the layers can be the selection of nutrients that can provide the maximum accumulation of biomass, consisting of cheap, non-scarce and available raw materials.
Secondary products and industrial waste are mainly used as nutrients. Molasses is currently the most commonly used nutrient additive in semi-commercial and commercial trials. Technologies using molasses (waste from sugar production) are used in the fields of the USA, China, Romania, Hungary, Poland, Germany and other countries where sugar production is developed. So, in a depleted oil field (Poland), a single application of molasses and mixed cultures of microorganisms increased oil production by 112-360%, while the increase in oil production persisted for 2-8 years [12]. Similar experiments were carried out in Hungary, where microorganisms, molasses and nitrogen and phosphorus salts were injected into the wells. As a result of microbiological impact, a decrease in oil viscosity, water pH and an increase in CO2 content in the well and an increase in well production by an average of 2.5 times were observed. , and the nutrient substrate - molasses - was applied daily for 2.5 years. As a result of the impact, oil recovery increased by 13%, and water cut decreased by 30-35%. The microbial exposure lasted for 14 months. As a result, an additional 577 barrels of oil were obtained. An example of successful tests are the results of impact on carbonate reservoirs using molasses technology at the Fuyu field (China), where 236 tons of molasses were injected and about 2,700 tons of oil were additionally obtained in the first 6 months [8, 14].
The availability and presence of easily digestible sources of carbon, nitrogen and phosphorus in the composition of whey make it a valuable substratum for nutrient flooding of oil reservoirs. It is of no small importance that when whey is used in biotechnology of oil production, large expenditures are not required for its preliminary preparation [7]. Whey is a secondary product or waste in the production of cheeses, cottage cheese, edible and technical casein, however, in general, whey is a raw material balanced in terms of the main biogenic organic and inorganic compounds, optimal for the development of various groups of microorganisms [15]. 
Pilot field tests of the biotechnological method of enhanced oil recovery based on nutrient serum flooding were carried out at the reservoir of the Kirmakinskaya suite of the productive strata of the Magomedly area of ​​the Fatmainsky field on the Apsheron peninsula. Whey was injected into the formation in small volumes in a total volume of 600-700 tons per well. The response to the nutrient flooding process was manifested 1.5-2.0 months after the start of injection. This was expressed by intensive gas production (CO2) of wells, a decrease in water inflow, accompanied by an increase in oil production in most wells, an increase in static and dynamic levels, sand content in the production of some and some increase in water production in other wells. After the third cycle of bioinfluence, the inflow of water into the well completely stopped, and the oil production rate doubled [7]. An almost completely watered well with a very low flow rate (its production was watered by 97.3%, and the average daily oil flow rate did not exceed 0.1 t / day), after serum waterflooding for 7 years, worked with a 5-7-fold increase in oil flow rate with an average water cut of 60%.
In general, due to nutrient flooding, 20.2 thousand tons of oil were obtained, which amounted to 44.3% of the total production of the reservoir during the time of microbial exposure. The specific technological effect was 5.1 tons of oil per ton of injected bioreagent. The volume of extracted water for the same period decreased by 196.0 thousand m3.
The use of corn extract as a source of nutrients for microorganisms was noted at the Daqing field in China, where oil production increased by 8%, which is a good indicator. It is known that an increase in the final oil recovery factor of only 1% can provide a significant increase in annual production [4, 7, 8].
Activated sludge is of particular interest for oil production biotechnology from different points of view. First, the excess activated sludge in terms of its qualitative composition (the number and diversity of microorganisms and biologically active compounds) is of interest as a source of a wide variety of microorganisms of various physiological groups. By pumping excess activated sludge into an oil reservoir, it is possible to create a biofilter in it in a short period of time, actively processing organic compounds into oil-displacing agents. The number of microorganisms in activated sludge reaches 108-1012 cells / ml. 1 m3 of activated sludge contains 2 * 1014 cells of microorganisms [9]. Secondly, the use of excess activated sludge in oil production biotechnology is a solution to an important environmental problem associated with their disposal. The disadvantages of using activated sludge are the inconstancy of both microbiological and chemical components.
The developed oil reservoirs are extreme underground ecosystems characterized by aerobic-anaerobic conditions, tremendous pressure, high temperature and salinity. In deep aquifers and oil-bearing horizons, the presence of aboriginal microflora has been proven, along with microorganisms that come with surface solutions during drilling or injection of water and aqueous solutions of working agents [12; 13]. Injected surface water is a source of supply of viable cells of microorganisms of different physiological groups to the productive layer [13]. The factor that determines the success of biological methods is the vital activity of microorganisms. A feature of the development of oil reservoirs during flooding at the late stage is the creation of a formed biocenosis, limited in development, primarily by nutrients. Of the elements that determine the development of reservoir microflora, it is mainly phosphorus, nitrogen and oxygen, and for many areas of flooded formations at a late stage in the bottomhole zone (in the area of ​​biocenosis development) the reservoir is also depleted in light hydrocarbons [14]. In oil reservoirs with a temperature of 20-75 ° C, there is a multicomponent microbial community. Microorganisms isolated from such extreme ecosystems with unique adaptive and metabolic properties are preferable for use as bioagents in the development of microbiological methods of EOR (methods of increasing oil production). The effectiveness of biological products is achieved by using associations containing various types of carefully selected microorganisms, where each strain is most active in relation to individual fractions of oil and oil reservoir waters [15].
Microorganisms in the process of their vital activity produce biomass and a number of metabolites with oil-displacing and oil-diluting properties from oil. These are various gases, acids, surfactants, solvents, polymers, and the bacterial cells themselves [3, 4, 8].
The main mechanisms of microbiological methods acting on oil recovery are:
a) the formation of acids that dissolve the host rocks and increase the porosity and permeability of the reservoir;
b) the formation of solvents and gases, leading to a decrease in the viscosity of oil and dissolving carbonate rocks, increasing the permeability of the formation and facilitating the displacement of oil;
c) the formation of biosurfactants, biopolymers and other compounds that emulsify oil, reducing its viscosity and interfacial tension at the oil-water interface;
d) the formation of microbial biomass, causing the emulsification of oil, changing the wettability of rocks.
Microbiological methods of enhanced oil recovery are used by companies such as Titan Oil Recovery Inc., Glori Energy in cooperation with Statoil, Total, Du Pont in cooperation with BP, Chevron. Of the Russian companies, OAO TATNEFT is most actively using microbiological methods. At the same time, the geography of application of these methods of enhanced oil recovery is extensive: the USA, Canada, Brazil, Bulgaria, Azerbaijan, Romania, Germany, Russia, etc. Also in East Asia, in countries such as China, Malaysia, India and Indonesia, semi-industrial tests were registered [ 7, 8, 16].
Since the drugs existing and successfully used abroad are highly specific for a particular region and therefore are not acceptable for use in Kazakhstani fields, the need for research on the creation of domestic technologies for enhancing oil recovery is beyond doubt.

2 Materials and research methods
2.1 Research objects
The work used 31 strains of microorganisms isolated from underground oil-water waters of the developed "Akingen" field, located in the Atyrau region of Western Kazakhstan with the following code names - T1-T6; D1-D8; D-1X, M1, M2; A1-A5, S1-S3; SR-1-SR-3; CL-1, CL-2. The Akingen oil field is located in the Atyrau region of Western Kazakhstan, 40 km from the city of Kulsary. The field was discovered in 1980, development began on September 1, 1992, at this time it is at the stage of late development, the water cut is 60-86%.
Microorganisms were activated on fresh nutrient agar (NA), then transferred into a liquid medium of nutrient broth (NB) and cultured at 30-40 ° C for 24-48 hours.
The work was carried out on the basis of the accredited testing laboratory of the DGP at the RK "Research Institute of Ecology" of the RSE at the RK "KazNU named after al-Farabi" (ST RK ISO / IEK 17025-2018).

2.2 Materials
In the work used the following nutrient media: for the activation and storage of cultures - NA, NB; minimal synthetic medium E8 with the addition of molasses or glycerin - for the cultivation of microorganisms, a model medium based on the oil formation water of the Akingen field with the addition of biogenic compounds as sources of molasses or milk whey and complex nitrogen-phosphorus-potassium fertilizer (NPK).
Synthetic medium E8 (minimum mineral background) with the addition of glycerin - to determine the emulsifying activity of associations of microorganisms g / l: KH2PO4 - 0.7; (NH4) 2HPO4 1.5; MgSO4 0.8; NaCl - 0.5; pH = 6.6-6.7; Salts and phosphates were diluted separately, the medium was sterilized by autoclaving at 0.75 atm. 20 minutes. Synthetic glycerin is a polyhydric alcohol obtained from propylene, which is formed during the cracking and pyrolysis of oil.
When determining the oil emulsification index of microorganisms, crude oils from the Karaton (2018) and Akingen (2019-2020) deposits were used. Both fields belong to the Caspian oil and gas province. Crude oils have the following characteristics:
- deposit "Karaton" - in terms of density, oil is heavy (895-918 kg / m3), sulphurous - 0.6-1.29% and paraffinic (paraffin content 1.28-4.23%);
- the Akingen field - the density of oil is average (842-905 kg / m3), low-sulfur - 0.15-0.28%, low-paraffinic - 0.88%.
In model experiments to determine the release of acids and gassing by associations of microorganisms, several media options were used:
- petroleum water with the addition of molasses in the amount of 10% of the volume of the medium.
- oil water with the addition of demineralized milk whey (DMS) in the amount of 15% of the volume of the medium.
- oil water with the addition of molasses (10%) and NPK fertilizer 0.001 g / l.
- petroleum water with the addition of LCA (15%) and NPK fertilizer 0.040 g / l.
As a model medium for the cultivation of the association, we used oil reservoir water of the "Akingen" field - temperature 34-470C, pH-6.34, calcium chloride type, density 1078-1105 kg / m3, mineralization - 127.1-162.5 g / l.
Molasses is a by-product of sugar production; a syrupy liquid of dark brown color with a specific odor, with a content of 20-25% water, about 9% nitrogenous compounds (mainly amides), 58-60% carbohydrates and 7-10% ash.
Milk whey - dry demineralized milk whey brand SD 40, physicochemical parameters: pH-6.44, mass fraction of lactose 79.05%, mass fraction of ash 2.98%, mass fraction of moisture 2.83%, mass fraction of fat 0.50%, diluted in tap water 10 g / l.
NPK (14-11-25) is a complex nitrogen-phosphorus-potassium fertilizer (NPK) with a nitrogen-phosphorus-potassium content in a ratio of 14:11:25, which is the most optimal ratio for the vital activity of microorganisms from the brands of NPK fertilizers on the market , then recalculation was carried out.

2.3 Research methods
The work used the main microbiological methods for the cultivation of microorganisms in aero- and anaerobic conditions, genetic methods for the identification of microorganisms; physico-chemical methods: Cooper's method (determination of the oil emulsification index), potentiometric and spectrophotometric methods.
Cultivation of microorganisms under aerobic and anaerobic conditions
Cultivation of microorganisms was carried out under aerobic and anaerobic conditions at 40 ° C. Aerobes were cultivated under stationary conditions; to create anaerobic conditions, an anaerobic K70 was used, which is a metal cylinder with a hermetically sealed lid with a rubber gasket. A pressure gauge and taps for evacuating air using a vacuum pump are located on the cover, anaerobic conditions were maintained by atm pressure. 0.6 units [17].
Determination of the emulsification index (Cooper's method)
Bacterial cultures were grown for 48 hours in liquid minimal E8 medium supplemented with 2% vol. hydrocarbon substrate - glycerin, as the only source of carbon and energy. Next, the culture medium with bacterial cells was mixed with oil in a ratio of 3: 2 and intensively stirred on a laboratory shaker at 250 rpm for 20 min to obtain a stable emulsion. After that, the tubes were left in an upright position at room temperature. The oil emulsification index (E48) was calculated as the ratio of the volume of the emulsion to the total volume of the emulsion in the test tube and was expressed as a percentage [18].
Potentiometric method for determining pH
We used a C931P pH meter, where a glass electrode is used to determine pH - a tube ending in a ball made of special glass with very thin walls. Inside the ball is a buffer solution with a metal electrode immersed in it; the glass electrode is lowered by the ball into the test solution. Measuring the pH of the medium on the device of a pH meter - allows up to 0.01 pH units to determine the pH of the medium [19].
Identification of cultures of microorganisms based on the analysis of the nucleotide sequence of the 16S rRNA gene
Genomic DNA from bacterial cultures was isolated by the K. Wilson method. For DNA isolation, daily isolated colonies of bacterial cultures were used. The samples were centrifuged at 13,000 rpm for 10 minutes, the resulting pellet was resuspended in TE buffer with lysozyme (10 mg / ml), the samples were thoroughly mixed and incubated at 37 ° C for 1 hour. Then 10% SDS and proteinase (10 mg / ml) were added. Incubated for 2 h at 37 ° C. To remove fragments of the cell wall, residual proteins and polysaccharides, 100 μl of 5M NaCl was added. Mix thoroughly, add a solution of 10% CTAB dissolved in 0.73M NaCl. Incubated at 65 ° C for 10 minutes. Final purification was performed by adding a mixture of chloroform / isoamyl alcohol in a ratio of 24: 1, centrifuged at 10,000 rpm for 10 minutes. The aqueous phase was transferred to clean test tubes. This procedure was repeated once more. DNA was precipitated with isopropanol, gently mixed by inversion until the DNA strands formed a visible mass, and placed in a freezer at minus 20 ° C for 30-60 minutes. Centrifuged at 13,000 rpm for 10 minutes. The DNA precipitate was washed with 70% ethyl alcohol. Purified samples were dissolved in TE buffer and stored at -20 ° C.
Quantitative analysis of DNA was performed using a NanoDrop ND 2000 spectrophotometer at a wavelength of 260 nm, and also qualitative assessment of DNA was carried out by electrophoretic method in 1% agarose gel.
To determine the nucleotide sequence of the 16S pRNA gene, universal primers were used: forward 8F (5'-AGAGTTTGATCCTGGCTCAG-3 ') and reverse 806R (5' GGACTACCAGGGTATCTAAT-3 ') [20].
The PCR reaction was carried out in a total volume of 20 μl. The PCR mixture contained 150 ng DNA, 5U Taq DNA Polymerase, 0.2 mM each dNTPs, 10 x Taq reaction buffer (ThermoFisher, USA), 2.5 mM MgCl2, 10 pmol of each primer. PCR amplification was performed on a GeneAmp PCR System 9700 amplifier (Bio-Rad, United States). Temperature regime of PCR: stage 1 - 5 min. at 95 ° C - 1 cycle; stage 2 - 30 sec. at 95 ° C, 40 sec. at 55 ° C, 50 sec. at 72 ° C - 30 cycles; stage 3 - 10 min. at 72 ° C - 1 cycle. To assess the PCR efficiency, the amplification products were visualized in a 1% agarose gel stained with ethidium bromide and analyzed using a gel documenting system (BioRad, USA).
The resulting product was purified by the enzymatic method with 0.5 units of alkaline phosphatase (ShrimpAlkaline Phosphatase, Fermentas) and exonuclease (Fermentas) for 30 min at 37 ° C and subsequent inactivation of the enzyme by heating for 10 min at 85 ° C [21].
Sequencing reactions were performed using BigDye® v 3.1 and primers. The reaction mixture was purified from unbound components with an acetate-alcohol mixture.
Separation of gene fragments was performed using an automatic genetic analyzer. The obtained nucleotide sequence was compared with the nucleotide sequences of international databases - GenBank [22].
The construction of phylogenetic trees using the Mega 3.1 software [23], the alignment of nucleotide sequences was carried out using the ClustalW algorithm, the construction of phylogenetic trees was carried out using the method of nearest neighbors (Neiighbor-Joining NJ).
Spectrophotometric method for determining the optical density of cells
Determination of biomass was carried out by determining the optical density of microorganism cells using a spectrophotometer "Apel PD-303" (Japan) at a wavelength of 600 nm and a cuvette volume of 10x10x45 mm, capacity - 1 ml.
A cell culture has certain optical properties that determine its condition, density, etc. In the case of a bacterial or eukaryotic cell culture, the optical density measured at 600 nm reflects the concentration of cells in the medium. The optical density of the culture at 600 nm determines the effect of light scattering; light scattering, in turn, is directly proportional to the concentration of cells in the medium. It is also possible to measure the light-absorbing characteristics of a cell suspension at other wavelengths (260 nm, 280 nm, etc.), depending on the research objectives [24].
Determination of gas formation by the "float" method
A float is a device used to determine the intensity of gas formation in liquid media per unit of time (subject to temperature and pressure stability). Glass floats (short tubes sealed at one end) are used to determine the fermentation of carbohydrates in bacteria. The ability of microorganisms to ferment carbohydrates with the formation of acid and gas is determined by the introduction of glass floats into vessels with media, which float up after filling them with gas during the fermentation of microorganisms of the medium.
Perpendicular stroke method
To determine the antagonistic activity of microorganisms on the surface of the agar medium in a Petri dish, the test antagonist microbe producing an antibacterial substance is inoculated with a stroke. Sowing is done according to the diameter of the dish, the duration of cultivation is determined by the growth rate of the antagonist. After the completion of the growth and diffusion of the produced substance into the agar medium, perpendicular to the grown streak, the test cultures are streaked, starting from the edges of the dish. The cups are placed in a thermostat for 24 hours. If the antagonist microorganism under study forms a substance that diffuses into the medium and exerts an antimicrobial effect on test cultures, the growth of the latter will begin at some distance from the growth of the antagonist itself. The greater this distance, the more sensitive the test culture is to the antibiotic substance produced. Insensitive microorganisms will develop in the immediate vicinity of the stroke [25, 26].
Construction of bacterial associations
To construct the association, 5 strains of microorganisms with high oil-displacing and oil-diluting properties were used. The bacterial suspension was prepared in the BCH for 24-48 hours. To obtain associations, they were mixed in equal ratios 1: 1. Further, the resulting association was used as an inoculum in the amount of 10% of the volume of the nutrient medium.

2.4 Experiment Design
To conduct the selection of nutrients for introduction into the reservoir with microorganisms, the analysis of field tests with the introduction of nutrient additives and microorganisms was carried out, the monitoring of regional materials and production waste in the Republic of Kazakhstan, promising for the development of EOR, was carried out.
To create a technological scheme of EOR using associations of microorganisms, the ability of mixed microorganisms to produce acids, biosurfactants and biogas was studied in model experiments when they were cultivated on the oil-water of the Akingen field with various nutritional supplements: whey and molasses, and as additional sources of nitrogen, phosphorus, potassium - complex NPK fertilizer.
Figure 1 shows a diagram of the study of acid and gas formation of microorganisms in model experiments when they are cultivated on flooded oil-water with additional addition of carbon, nitrogen, phosphorus and potassium sources.
As can be seen, monocultures of microorganisms were activated on a liquid MPB medium and cultured at 40°C for 24-48 hours (inoculum - with a cell titer of 108-9). Then the monocultures were mixed into a single inoculum-association of microorganisms and added in an amount of 10% by volume at a rate of 1: 1, in the case of using 2 cultures, 1: 1: 1 and 1: 1: 1: 1 - when using 3 cultures and 4 cultures, respectively.
Inoculum-associations (10% vol.) Were introduced into several variants of model media based on oil-formation water: oil-formation water (80% vol.) With the addition of molasses in the amount of 10% of the volume of the medium; petroleum water (75% vol.) with the addition of demineralized milk whey (DMS) in the amount of 15% of the volume of the medium; oil water (80% vol.) with the addition of molasses (10% vol.) and NPK fertilizer 0.040 g/l; petroleum water (75% vol.) with the addition of LCA (15%) and NPK fertilizer 0.040 g/l.
As a model medium for the cultivation of the association, we used oil reservoir water of the "Akingen" field - temperature 34-470C, pH-6.34, calcium chloride type, density 1078-1105 kg / m3, mineralization - 127.1-162.5 g/l.
Model experiments were carried out under stationary conditions at a temperature of 40 ° C for 10 days. Determination of the change in pH, gas formation was carried out daily.
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Figure 1 - Scheme for the determination of acid and gas formation by associations of microorganisms on model media with various nutritional supplements

To determine the endogenous emulsifying activity of the constructed associations of microorganisms, bacterial cultures were grown for 2 days in a liquid mineral medium E8 with the addition of a hydrocarbon substrate as the only source of carbon and energy (20 g / L glycerol). To assess the emulsifying activity, the culture medium was not centrifuged. Next, the culture medium with bacterial cells was mixed with oil in a ratio of 3: 2 and intensively stirred on a laboratory shaker at 250 rpm for 20 min to obtain a stable emulsion. After that, the tubes were left in an upright position at room temperature. Emulsifying activity was expressed as a percentage, calculated according to the Cooper formula.
Figure 2 shows the scheme for determining the index of oil emulsification of microorganisms on a minimal medium E8 with the addition of glycerol.
Figure 2 - Scheme for determining the emulsification index of consortia of microorganisms

Crude oil from the Akingen field was used as a hydrophobic substrate.
Methods for statistical processing of the results obtained
The obtained results were processed statistically. The obtained results were subjected to variational-statistical processing using applied programs using Microsoft Excel - 2019 in the Windows environment, the degree of confidence of the studied indicators and the compared values was estimated using the Student T-test.
The significance of the differences was within 5%, which indicates a high degree of reliability [27].









3 Research results and discussion
3.1 Screening and identification of microorganisms capable of releasing metabolites required for enhanced oil recovery
The main objective of enhanced oil recovery is to reduce oil viscosity and increase pressure in the reservoir [28; 29]. In enhanced oil recovery biotechnologies, additional oil displacement is determined by the same mechanisms as in physicochemical methods, but microbial metabolites are formed directly in the pores of the formation, which increases the effectiveness of their action. Oil reservoir microorganisms have great biotechnological potential. form a number of oil-displacing metabolites - bio-surfactants, gases, exopolysaccharides, solvents, acids, the appearance of which in the reservoir system is associated with aerobic-anaerobic oil degradation.
To develop a microbial method for enhancing oil recovery, the oil-displacing and oil-diluting properties (hereinafter targeted) of 30 strains of microorganisms isolated from the developed oil-reservoir waters were studied: oil emulsification index (E48); acid formation (based on measuring the dynamics of changes in the pH of the medium) and gas formation on the synthetic medium E8, where molasses at a concentration of 10% of the total volume of the nutrient medium was used as a source of carbon in the medium. As a control, we used the option without introducing microorganisms. The experiment was carried out for 10 days. Table 1 shows the results of studying the pH of the medium (out. 7 units) and gas formation on the 10th day of cultivation, as well as the oil emulsification index after 48 hours of contact with oil from the "Karaton" field.















Table 1 – Study of oil-displacing and oil-thinning properties of microorganisms
	№
	Microorganisms
	Oil emulsifying activity Е48, %
	pH of the medium on the 10th day of the experiment, units
	Gas-producing

	1
	2
	3
	4
	5

	1
	D-1Х
	32±1,6
	4,4±0,2
	+++

	2
	D-1
	29±0,9
	4,5±0,2
	++

	3
	D-2
	2,4±0,1
	4,4±0,2
	++

	4
	D3
	2,1±0,1
	4,5±0,2
	+

	5
	D4
	2,1±0,1
	4,3±0,2
	+

	6
	D5
	47±2,3
	4,2±0,2
	+++

	7
	D6
	49±2,4
	4,1±0,2
	+++

	8
	D7
	39,5±2,0
	4,1±0,2
	+++

	9
	D7X
	31,8±1,5
	4,0±0,2
	+

	10
	Т1
	5,7±0,2
	4,2±0,2
	++

	11
	Т2
	8,5±0,4
	4,0±0,2
	+++

	12
	Т3
	14,2±0,7
	4,1±0,2
	++

	13
	Т4
	3,3±0,1
	4,3±0,2
	+++

	14
	Т5
	5,7±0,2
	4,3±0,2
	++

	15
	Т6
	8,5±0,4
	4,2±0,2
	+

	16
	М1
	2,8±0,1
	6,4±0,3
	++

	17
	М2
	11,4±0,5
	5,2±0,3
	++

	18
	А1
	5,7±0,2
	5,8±0,3
	+++

	19
	А2
	3,3±0,1
	5,7±0,3
	+++

	20
	А3
	3,3±0,1
	4,8±0,2
	+

	21
	А4
	2,8±0,1
	6,0±0,3
	+++

	22
	А5
	16,6±0,8
	5,0±0,3
	+

	23
	S1
	16,6±0,8
	6,0±0,3
	++

	24
	S2
	17,1±0,8
	5,5±0,3
	+++

	25
	S3
	6,6±0,3
	5,0±0,3
	++

	26
	D8
	0
	4,3±0,2
	+++

	27
	SR-1
	4,5±0,2
	4,0±0,2
	+++

	28
	SR-2
	3,6±0,1
	4,7±0,2
	+

	29
	SR-3
	5±0,2
	4,5±0,2
	-

	30
	CL-1
	5,5±0,2
	4,1±0,2
	+++

	31
	CL-2
	2,7±0,1
	4,6±0,2
	+++

	Note: "+" - weak gas formation; "++" - moderate gas formation; "+++" - active gas formation



The oil-thinning properties of microorganisms include acid formation and oil-emulsifying activity (expressed through the index of the oil emulsification index - E) of microorganisms, which is determined by the ability of microorganisms-producers of surfactants (biosurfactants) to disperse oil, i.e. to the formation of the smallest oil emulsion, which increases the effectiveness of the contact of bacteria with oil. As you can see, from the investigated 31 strains of microorganisms isolated from the oil waters of the developed and conserved field "Akingen", by coincidence of at least two target properties (oil emulsification, acid formation, gas formation), the following 16 strains of microorganisms were selected - with the code names: D5, D6, D7 , T2, T3; D1X, D7X, D8, SR-1, CL-1, CL-2; S1, A5, S2, M2, SR-2.
Genetic identification of the selected 16 strains of bacteria was carried out by determining the direct nucleotide sequence of the 16S rRNA gene fragment, followed by determining the nucleotide identity with the sequences deposited in the international database Gene Bank, as well as constructing phylogenetic trees with the nucleotide sequences of the reference strains. Sequencing was performed at the National Center for Biotechnology.
To construct phylogenetic trees, the software Mega6 was used [20, 22]. The ClustalW algorithm was used to align nucleotide sequences; the trees were constructed using the Neiighbor-JoiningNJ method.
Taking into account the literature data [20-23], indicating the presence in international banks of nucleotide sequences GeneBank (http://www.ncbi.nlm.nih.gov/), Ribosomal Database Project (RDP-II) (http: // rdp.cme.msu.edu/html/), errors, we additionally carried out the construction of phylogenetic trees with 16S rRNA nucleotide sequences of the gene of the reference strains of these species. The analysis included the nucleotide sequences of the 16S rRNA gene, phylogenetically the most related microorganisms.
Figure 3 shows a phylogenetic tree constructed on the basis of the analysis of nucleotide sequences of the 16S rRNA gene from strains in which, when identified in BLAST, the maximum identity was to bacteria of the genus Bacillus.
In the course of the study, Table 2 summarizes the results of the genetic identification of 16 strains by a fragment of the 16S rRNA gene.
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Figure 3 – Phylogenetic tree based on analysis of the 16S rRNA gene fragment of the sample

Table 2 - Summary results of strain identification based on the 16S rRNA gene fragment 
	Name
	Identification result
	Note

	S2, A3
	Bacillus sonorensis/
Bacillus haynesii / Bacillus aerius
	Determined on the basis of a phylogenetic tree constructed by the Neiighbor-Joining algorithm (N-J)

	D1Х, D8, D7X
	Bacillus zhangzhouensis/ Bacillus pumilus /
Bacillus safensis / Bacillus invictae
	Determined on the basis of a phylogenetic tree constructed by the Neiighbor-Joining algorithm (N-J)

	S3, M2, A5
	Bacillus subtilis / Bacillus tequilensis /Bacillus velezensis / Bacillus siamensis/ Bacillus methylotrophycus
	Determined on the basis of a phylogenetic tree constructed by the Neiighbor-Joining algorithm (N-J)

	CL1, CL2, SR1 
	Bacillus licheniformis
	Determined on the basis of a phylogenetic tree constructed by the Neiighbor-Joining algorithm (N-J)

	S1, SR2
	Bacillus sp.
	Determined on the basis of a phylogenetic tree constructed by the Neiighbor-Joining algorithm (N-J)

	D5, D6, D7, T2, T3 
	P.aeruginosa
	Determined on the basis of a phylogenetic tree constructed by the Neiighbor-Joining algorithm (N-J)



As a result of determining the direct nucleotide sequence of the 16S rRNA fragment of the gene of 16 strains of bacteria isolated from the developed oil waters of the conserved Akingen field, all strains were assigned to the genera Bacillus and Pseudomonas.
Thus, as a result of studying oil emulsification, acid formation and gas formation of the 31st strain of microorganisms isolated from the developed oil reservoir waters of the Akingen field, 16 strains of bacteria with high target activity were selected and identified.

3.2 Creation of an association based on a combination of properties of microorganisms
To obtain active associations of microorganisms, a necessary stage in the design of mixed cultures is the study of interstrain antagonistic interactions of microorganisms - candidates for the association. Determination of antimicrobial activity was carried out by the method of perpendicular strokes: the tested strain (dominant) was applied in the form of a stroke along the diameter, after incubation for 2-3 days, test objects (associates) were inoculated to the strains perpendicularly. Antimicrobial substances, diffusing into the agar, retarded the growth of microorganism’s sensitive to them, which was manifested in the formation of zones of no microbial growth (mm). The antagonistic activity of 16 selected microorganisms with oil-displacing properties in relation to each other was studied.
Table 3 shows the results of studying the antagonistic activity of selected candidate microorganisms for association.














Table 3 - Determination of the antagonistic activity of selected microorganisms for consortium 
	№
	Strains 
	Growth retardation zones, mm

	
	Dominant




Associate
	B. pumilus D1Х
	P. aeruginosa D5
	P. aeruginosa D6
	P. aeruginosa D7
	P. aeruginosa T2
	P. aeruginosa T3
	B. paramycoides M2
	B. subtilis A5
	B.subtilis ssp.spizizenii S1
	B. haynesii S2
	B. pumilus D7Х
	B. pumilus В8
	В. licheniformis SR1
	Bacillus sp. SR2
	B. licheniformis CL1
	B. licheniformis L2

	1
	Bacillus sp. D1Х
	-
	12±0,5
	-
	15±0,6
	23±1,0
	10±0,5
	-
	5±0,2
	2±0,1
	-
	-
	-
	-
	
	-
	-

	2
	P. aeruginosa D5
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	3
	P. aeruginosa D6
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	4
	P. aeruginosa D7
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	5
	P. aeruginosa T2
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	6
	P. aeruginosa T3
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	7
	Bacillus sp. M2
	-
	13±0,6
	-
	9±0,4
	20±1,0
	10±0,5
	-
	5±0,2
	-
	-
	-
	-
	-
	-
	-
	-

	8
	B. subtilis A5
	-
	14±0,7
	3±0,2
	10±0,5
	22±1,0
	15±0,7
	-
	-
	-
	-
	-
	-
	5±0,2
	-
	-
	-

	9
	Bacillus sp.  S1
	-
	14±0,7
	3±0,2
	11±0,5
	24±1,0
	13±0,6
	-
	7±0,4
	-
	-
	-
	-
	-
	-
	-
	-

	10
	Bacillus sp. S2
	-
	13±0,6
	-
	10±0,5
	24±1,0
	10±0,5
	-
	-
	2±0,1
	
	-
	-
	-
	-
	-
	-

	11
	Bacillus sp. D7Х
	-
	-
	-
	5±0,2
	5±0,2
	5±0,2
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12
	Bacillus sp. D8
	-
	8±0,4
	-
	10±0,5
	5±0,2
	5±0,2
	-
	-
	3±0,2
	-
	-
	-
	-
	-
	-
	-

	13
	B. licheniformis SR1
	-
	8±0,4
	-
	10±0,5
	8±0,4
	12±0,5
	-
	-
	6±0,3
	-
	-
	-
	-
	-
	-
	-

	14
	Bacillus sp. SR2
	-
	10±0,5
	-
	12±0,5
	8±0,4
	5±0,2
	-
	-
	5±0,2
	-
	-
	-
	-
	-
	-
	-

	15
	B. licheniformis CL1
	-
	10±0,5
	-
	12±0,5
	6±0,3
	10±0,5
	-
	-
	5±0,2
	-
	-
	-
	-
	-
	-
	-

	16
	B. licheniformis CL2
	-
	10±0,5
	-
	10±0,5
	5±0,2
	8±0,4
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Note:
vertical - dominant, tested strain
horizontally - the expected associate
"-" - no suppression of the growth of the associate
X mm - zone of antagonistic effect on the associate



As you can see, from the 16 strains of microorganisms studied - 8 strains, in particular, all 5 strains of P. aeruginosa (D5, D6, D7, T2, T3) and representatives of bacilli: B. subtilis A5, Bacillus sp. S1, B. licheniformis SR1 have varying degrees of antagonistic activity in relation to the studied strains, however, these cultures did not show antagonistic activity to all studied strains of pseudomonads. In this connection, in the future we considered the antagonistic activity only in relation to the presented bacillary.
The zones of growth retardation (ZZZ) were taken into account after 24 and 48 hours of cultivation at 300 C. If ZZZ was 2-10 mm, it is considered that there is a weak level of antagonism, 10-20 mm - average, more than 20 mm - high [25, 26] ... P. aeruginosa T2 cells showed high antagonistic activity in relation to 5 strains of bacilli: Bacillus sp. D1X, Bacillus.sp. M2, B. subtilis A5, Bacillus sp. S1, Bacillus sp. S2 - growth retardation zone was 22-24 mm; Three P. aeruginosa strains D5, D7 and T3 had an average degree of antagonistic activity against bacilli cells, thus P. aeruginosa D5 against 8 strains of bacilli, P. aeruginosa D7 against 9 strains and P. aeruginosa T3 - to 7 strains. All 5 strains of pseudomonads exhibited weak antagonistic activity, for example, P. aeruginosa D5, P. aeruginosa D6, P. aeruginosa D7 - each in relation to 2 strains of bacilli; P. aeruginosa T2 - to 6 strains and P. aeruginosa T3 - to 4 strains, also the following 3 bacillus strains: B. subtilis A5 - in relation to 3 strains, Bacillus sp. S1 - to 6 and B. licheniformis SR1 to one bacillus strain. The remaining 8 strains of bacilli did not show antagonistic activity to any of the studied 16 microorganisms.
As a visual material, Figure 4 shows photographs of the study of the P. aeruginosa D7 antagonistic activity by the method of perpendicular strokes.
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Figure 4 - Study of the P. aeruginosa D7 antagonistic activity


As you can see, P. aeruginosa T2 cells showed high antagonistic activity against 5 strains of bacilli: Bacillus sp. D1X, Bacillus sp. M2, B. subtilis A5, Bacillus sp. S1, Bacillus sp. S2 - growth retardation zone was 22-24 mm.
Due to the fact that the developed, flooded oil reservoir is a multicomponent mixture of various petroleum hydrocarbons, the use of the metabolic potential of mixed cultures of microorganisms in associations is more efficient in comparison with monocultures. However, the use of a larger number of microorganisms that make up the association can lead to an increase in the cost of the developed biotechnology due to the need for additional equipment and energy consumption to prepare the production of biomass of microorganisms to obtain an association at the preliminary stage. In this connection, based on the study of the target properties and antagonistic relationships of 16 strains of microorganisms, 5 strains of candidate bacteria were selected for compiling associations intended for the development of microbial EOR:
- P. aeruginosa D5 - oil emulsifier, acidifier, gasifier;
- P. aeruginosa D6 - oil emulsifier, acidifier, gasifier;
- Bacillus sp. D1X - oil emulsifier, gas generator;
- B. licheniformis SR1 - acidifier, gasifier;
- B. licheniformis CL1 - acidifier, gasifier.
The bacterial strains included in the biological product are united in a consortium according to the ability of the strains to produce various biologically active substances so that they complement or reinforce each other in biological activity for the production of oil-displacing and oil-thinning metabolites in the conditions of the developed oil reservoir (high concentrations of mineral salts, pressure, oxygen deficiency).
Table 4 shows the options for compiling associations, based on the selected 5 strains of microorganisms and the selection of associations for further study of target properties in a mixed culture of microorganisms, excluding associations where negative antagonistic interactions were observed. As you can see, out of 25 possible associations, excluding the weak and medium levels of antagonism between microorganisms, 12 associations of microorganisms are left for further study, of which: 7 associations made up of 2 monocultures; 4 associations - from 3 monocultures and one association - from 4 monocultures. When creating associations, monocultures of bacteria were activated in the BCH for 48 hours, then mixed in a 1: 1 ratio, in the case of using two cultures; 1: 1: 1 and 1: 1: 1: 1 - when using three crops and four crops, respectively. The resulting association of microorganisms (inoculum) was introduced into the nutrient medium in an amount of 10% of the medium volume.


















Table 4 - Construction of consortia of microorganisms based on antagonistic properties
	№
	Variants of consortia of microorganisms
	Antagonism in consortium
	Further exploration of target properties in the consortium

	I.
	of two strains

	1
	D5: D6
	absent
	+

	2
	D5:SR-1
	weak 
	–

	3
	D5:CL-1
	weak
	–

	4
	D5: D1Х
	medium
	–

	5
	D6:SR-1
	absent
	+

	6
	D6: CL-1
	absent
	+

	7
	D6: D1Х
	absent
	+

	8
	SR-1: CL-1
	absent
	+

	9
	SR-1: D1Х
	absent
	+

	10
	CL-1: D1Х
	absent
	+

	II.
	of three strains

	11
	D5: D6: SR-1
	weak
	–

	12
	D5: D6: CL-1
	medium
	–

	13
	D5: D6: D1Х
	medium
	–

	14
	D5: CL-1: D1X
	medium
	–

	15
	D5: SR-1: D1X
	medium
	–

	16
	D6: SR-1: CL-1
	absent
	+

	17
	D6: SR-1: D1X
	absent
	+

	18
	D6: CL-1: D1X
	absent
	+

	18
	SR-1: CL-1:D1X
	absent
	+

	III.
	of 4 strains

	20
	D5:D6: SR-1: CL-1
	medium
	–

	21
	D5:D6: SR-1: D1X
	medium
	–

	22
	D5:D6: CL-1:D1X
	medium
	–

	23
	D5: SR-1: CL-1: D1Х 
	medium
	–

	24
	D6: SR-1: CL-1: D1Х
	absent
	+

	IV.
	of 5 strains

	25
	D5: D6: SR-1: CL-1: D1Х
	medium
	–



Due to the fact that aerobic-anaerobic oil degradation in the reservoir is caused by artificial flooding of the well from the surface, when using microbial oil production methods, it is preferable to use associations of microorganisms, because mixed cultures form a number of different oil-displacing metabolites - bio-surfactants, gases, acids, the appearance of which in the reservoir system is associated with aerobic-anaerobic oil degradation. In this connection, the study of the target activity of the constructed associations of microorganisms was carried out both under aerobic and anaerobic conditions of cultivation.
Table 5 shows the results of determining the emulsification index (E24 and E48) after contact with oil of associations of microorganisms obtained under aerobic and anaerobic conditions.

Table 5 - Oil-emulsifying activity of consortia under aerobic and anaerobic conditions
	№
	Options
	Oil-emulsifying activity

	
	
	E24, %
	E48, %

	
	
	aerobic conditions
	anaerobic conditions
	aerobic conditions
	anaerobic conditions

	consortia of 2 strains

	1 
	Control 
	0
	0
	0
	0

	2 
	D5: D6
	40±0,1
	3±0,1
	50±0,1
	4±0,1

	3 
	D6 : SR 1
	43±0,1
	6,0±0,1
	53±0,1
	9,0±0,1

	4 
	D6 : CL1
	50±0,5
	5,3±0,1
	50±0,5
	5,3±0,1

	5 
	D6 : D1X
	49±0,4
	15±0,1
	55±0,4
	26±0,3

	6 
	SR1 : CL1
	3±0,1
	3,0±0,1
	5±0,1
	3,0±0,1

	7 
	SR1 : D1X
	30±0,1
	18,0±0,1
	30±0,1
	25,0±0,3

	8 
	CL1: D1X
	23±0,1
	16,0±0,1
	32±0,1
	20,0±0,2

	consortia of 3 strains

	9 
	D6 : SR1 :CL1
	36±0,3
	3,0±0,1
	50±0,3
	6,0±0,1

	10 
	D6 : SR1 : D1X
	43±0,1
	20,0±0,2
	51±0,1
	23,0±0,3

	11 
	D6 : CL1: D1X
	42±0,3
	20,0±0,2
	58±0,3
	26,0±0,3

	12 
	SR1 :CL1: D1X
	26±0,3
	23,0±0,3
	32±0,3
	25,1±0,3

	consortia of 4 strains

	13 
	D6 : SR1: Cl1 : D1X
	37±0,3
	19,0±0,1
	45±0,3
	28±0,3



As can be seen from the tabular data, all 12 constructed associations of microorganisms are capable of oil emulsification, and after 48 hours of interaction of associations of microorganisms with oil, the emulsification index becomes higher for 10 associations and only for two associations (D6: CL1 and SR1: D1X), reaching the maximum value on 24 days, after 48 hours it remains unchanged or insignificant changes are observed.
It was found that the index of oil emulsification of associations under aerobic conditions is higher than in anaerobic conditions, so the maximum E48 for 7 associations was 50-55%, on the contrary, in associations obtained under anaerobic conditions this indicator is much lower, for example, the maximum values ​​of E48 shown for 5 associations and are in the range of 25-28%. It should be noted that these results correlate with the fact that when constructing associations, two cultures of pseudomonads with high emulsification index were selected, since Pseudomonads are aerobes, then in association with them under aerobic conditions, a high ability to emulsify is observed. Whereas, Bacillus sp. D1X was included in the association as the strain with the maximum emulsification index among the 7 bacilli studied (32%) and was isolated under aerobic cultivation conditions. It can be assumed that for this Bacillus sp. D1X favorable environment for the maximum production of biosurfactants-oil emulsifiers is the aerobic environment, and therefore, under anaerobic conditions in associations, it showed a lower ability to oil emulsification, because is an optional aerobic.
Table 6 shows the results of the dynamics of gas formation during the cultivation of associations of microorganisms on a synthetic medium with molasses.

Table 6 - Dynamics of gas formation of consortia of microorganisms on a synthetic medium with molasses
	№
	Cultivation period, days  /


Variants
	Gas-producing

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	aerobic culture conditions

	1
	Control
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	2
	D1Х : D6
	-
	+
	++
	++
	++
	++
	++
	++
	++
	++
	++

	3
	D6 : SR 1
	-
	+
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	4
	D6 : CL1
	-
	++
	++
	++
	++
	++
	++
	++
	++
	++
	++

	Continuation of table 7

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	5
	D5: D6
	-
	+
	++
	++
	++
	++
	++
	++
	++
	++
	++

	6
	SR1 : CL1
	-
	++
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	7
	SR1 : D1Х
	-
	+
	++
	++
	++
	++
	++
	++
	++
	++
	++

	8
	CL1: D1Х
	-
	-
	+
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	9
	D6 : SR1 :CL1
	-
	++
	++
	++
	++
	++
	++
	++
	++
	++
	++

	10
	D6 : SR1 : D1Х
	-
	-
	-
	+
	++
	+++
	+++
	+++
	+++
	+++
	+++

	11
	D6 : CL1: D1Х
	-
	-
	+
	++
	++
	++
	++
	++
	++
	++
	++

	12
	SR1 :CL1: D1Х
	-
	++
	++
	++
	++
	++
	++
	++
	++
	++
	++

	13
	D6 : SR1: Cl1 : D1Х
	-
	+
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	anaerobic culture conditions

	1 
	Control
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	2 
	D1Х : D6
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	3 
	D6 : SR 1
	-
	-
	-
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	4 
	D6 : CL1
	-
	-
	-
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	5 
	D5: D6
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	6 

	SR1 : CL1
	-
	-
	-
	+
	+
	+++
	+++
	+++
	+++
	+++
	+++

	7 
	SR1 : D1Х
	-
	-
	-
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	8 
	CL1: D1Х
	-
	-
	-
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	9 

	D6 : SR1 :CL1
	-
	-
	-
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	10 
	D6 : SR1 : D1Х
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	11 
	D6 : CL1: D1Х
	-
	-
	-
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	12 
	SR1 :CL1: D1Х
	-
	-
	-
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	13 
	D6 : SR1: Cl1 : D1Х
	-
	-
	-
	-
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	Note: ability to gas formation - + -weak, ++ - moderate, +++ - active



As you can see, active gas formation under aerobic conditions is observed for 5 associations of microorganisms, of which 3 associations, consisting of 2 monocultures: D6: SR 1; SR1: CL1; CL1: D1X and one association each, consisting of 3 and 4 monocultures: D6: SR1: D1X; D6: SR1: Cl1: D1X. The remaining seven associations, according to the results of cultivation, refer to weak and moderate gas formers. Under anaerobic conditions, active gas formation is observed for 9 associations. Moderate gassing is observed for the D1X: D6: SR1 association and there was no gassing in two associations: D5: D6 and D6: D1X.
Table 7 shows the results of changes in the pH of the medium during the cultivation of the association of microorganisms on a synthetic medium with the addition of molasses under aerobic and anaerobic conditions for 10 days.

Table 7 - Dynamics of changes in the pH of the medium during the cultivation of the consortium of microorganisms on a synthetic medium with the addition of molasses
	№
	Cultivation period, days /

Variants
	рН, units

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	aerobic culture conditions

	1
	Control
	7,0±0,3
	6,9±0,3
	6,8±0,3
	6,7±0,3
	6,6±0,3
	6,7±0,3
	6,6±0,3
	6,6±0,3
	6,7±0,3
	6,7±0,3
	6,8±0,3

	2
	D1Х:D6
	7,0±0,3
	7,5±0,3
	6,7±0,3
	6,0±0,3
	5,8±0,2
	5,1±0,2
	4,4±0,2
	4,4±0,2
	4,5±0,2
	4,3±0,2
	4,2±0,2

	3
	D6:SR1
	7,0±0,3
	6,8±0,3
	6,6±0,3
	6,2±0,3
	5,9±0,3
	5,4±0,2
	5,1±0,2
	4,8±0,2
	4,6±0,2
	4,4±0,2
	4,4±0,2

	4
	D6:CL1
	7,0±0,3
	6,7±0,3
	6,0±0,3
	6,5±0,3
	6,1±0,3
	5,3±0,2
	4,1±0,2
	4,2±0,2
	4,3±0,2
	4,8±0,2
	4,1±0,2

	5
	D5: D6
	7,0±0,3
	7,5±0,3
	7,0±0,3
	6,8±0,3
	6,3±0,3
	5,4±0,2
	4,4±0,2
	4,5±0,2
	4,7±0,2
	5,2±0,2
	4,4±0,2

	6
	SR1:CL1
	7,0±0,3
	6,5±0,3
	6,2±0,3
	6,0±0,3
	5,9±0,3
	5,5±0,3
	5,3±0,2
	5,1±0,3
	5,0±0,3
	4,8±0,2
	4,8±0,3

	7
	SR1:D1Х
	7,0±0,3
	6,5±0,3
	6,0±0,3
	5,8±0,3
	5,7±0,2
	5,7±0,2
	5,3±0,2
	5,0±0,3
	4,8±0,3
	4,7±0,3
	4,6±0,3

	8
	CL1:D1
	7,0±0,3
	6,5±0,3
	6,4±0,3
	7,2±0,3
	4,8±0,2
	4,5±0,2
	4,4±0,2
	4,4±0,2
	4,6±0,2
	4,9±0,2
	4,9±0,2

	9
	D6:SR1 :CL1
	7,0±0,3
	6,5±0,3
	6,3±0,3
	5,8±0,2
	4,3±0,2
	4,3±0,2
	4,2±0,2
	4,2±0,2
	4,2±0,2
	4,3±0,2
	4,3±0,2

	10
	D6:SR1: D1Х
	7,0±0,3
	6,5±0,3
	5,8±0,2
	5,8±0,2
	4,6±0,2
	4,4±0,2
	4,3±0,2
	4,3±0,2
	4,4±0,2
	4,4±0,2
	4,3±0,2

	11
	D6:CL1: D1Х
	7,0±0,3
	6,8±0,3
	6,5±0,3
	5,9±0,2
	4,5±0,2
	4,4±0,2
	4,3±0,2
	4,3±0,2
	4,3±0,2
	4,3±0,2
	4,3±0,2

	12
	SR1:CL1:D1Х
	7,0±0,3
	6,6±0,3
	6,4±0,3
	6,2±0,3
	6,0±0,3
	5,7±0,3
	5,6±0,3
	5,4±0,3
	5,3±0,3
	5,1±0,3
	5,1±0,3

	13
	D6:SR1:Cl1:D1Х
	7,0±0,3
	6,5±0,3
	6,0±0,3
	5,5±0,2
	4,3±0,2
	4,3±0,2
	4,1±0,2
	4,0±0,2
	4,0±0,2
	4,1±0,2
	4,0±0,2

	anaerobic culture conditions

	1
	Control
	7,0±0,3
	6,8±0,3
	6,7±0,3
	7,1±0,3
	6,9±0,3
	6,9±0,3
	7,0±0,3
	6,7±0,3
	6,7±0,3
	6,8±0,3
	6,8±0,3

	2
	D1Х:D6
	7,0±0,3
	6,8±0,3
	6,7±0,3
	6,0±0,3
	5,8±0,2
	5,6±0,2
	5,4±0,2
	5,2±0,2
	5,1±0,2
	4,9±0,2
	4,9±0,2

	3
	D6:SR 1
	7,0±0,3
	6,5±0,3
	6,1±0,3
	6,0±0,3
	5,5±0,3
	5,0±0,2
	4,7±0,2
	4,6±0,2
	4,6±0,2
	4,6±0,2
	4,6±0,2

	4
	D6:CL1
	7,0±0,3
	6,5±0,3
	6,0±0,3
	5,7±0,3
	5,5±0,3
	4,8±0,2
	4,5±0,2
	4,5±0,2
	4,4±0,2
	4,4±0,2
	4,4±0,2

	5
	D5:D6
	7,0±0,3
	7,0±0,3
	6,8±0,3
	6,7±0,3
	6,7±0,3
	6,6±0,2
	6,4±0,2
	6,2±0,2
	6,3±0,2
	6,2±0,2
	6,2±0,2

	6
	SR1:CL1
	7,0±0,3
	6,6±0,3
	6,3±0,3
	6,1±0,3
	5,9±0,3
	5,9±0,3
	5,6±0,2
	5,2±0,3
	5,0±0,3
	4,9±0,2
	4,9±0,2

	7
	SR1:D1Х
	7,0±0,3
	6,5±0,3
	6,0±0,3
	5,8±0,3
	5,7±0,2
	5,7±0,2
	5,3±0,2
	5,0±0,3
	4,8±0,3
	4,7±0,3
	4,7±0,3

	8
	CL1: D1Х
	7,0±0,3
	6,4±0,3
	6,2±0,3
	6,0±0,3
	5,8±0,2
	5,5±0,2
	5,1±0,2
	5,0±0,2
	4,9±0,2
	4,9±0,2
	4,8±0,2

	9
	D6:SR1:CL1
	7,0±0,3
	6,5±0,3
	5,7±0,3
	5,7±0,2
	5,3±0,2
	5,0±0,2
	4,8±0,2
	4,6±0,2
	4,5±0,2
	4,4±0,2
	4,4±0,2

	10
	D6:SR1:D1Х
	7,0±0,3
	6,5±0,3
	5,8±0,2
	5,4±0,2
	5,1±0,2
	5,0±0,2
	4,8±0,2
	4,9±0,2
	4,9±0,2
	4,8±0,2
	4,8±0,2

	11
	D6:CL1: D1Х
	7,0±0,3
	6,6±0,3
	6,2±0,3
	5,9±0,2
	5,5±0,2
	5,2±0,2
	4,9±0,2
	4,7±0,2
	4,6±0,2
	4,6±0,2
	4,6±0,2

	12
	  SR1:CL1:D1Х
	7,0±0,3
	6,5±0,3
	6,3±0,3
	6,1±0,3
	5,8±0,3
	5,6±0,3
	5,3±0,3
	5,0±0,3
	4,8±0,3
	4,7±0,3
	4,7±0,3

	13
	D6:SR1:Cl1:D1Х
	7,0±0,3
	6,3±0,3
	6,2±0,3
	5,9±0,2
	5,5±0,2
	5,3±0,2
	5,1±0,2
	4,6±0,2
	4,5±0,2
	4,4±0,2
	4,4±0,2




As can be seen from the tabular data, with the joint cultivation of mixed cultures of microorganisms under aerobic conditions, active acid formation occurs, for example, the maximum decrease in the pH of the medium by the end of the experiment from 7 units. up to 4.0-4.4 units. observed for 8 associations:
- D6: D1X (4.2 units);
- D6: CL1 (4.1 units);
- D6: SR1 (4.4 units);
- D5: D6 (4.4 units);
- D6: SR1: CL1 (4.3 units);
- D6: SR1: D1X (4.3 units);
- D6: CL1: D1X (4.3 units);
- D6: SR1: Cl1: D1X (4.0 units).
Under anaerobic conditions, the maximum decrease in the pH of the medium by the end of the experiment from 7 units. up to 4.4 units. observed for 3 associations:
- D6: CL1 (4.4 units);
- D6: SR1: CL1 (4.4 units);
- D6: SR1: Cl1: D1X (4.4 units).
Table 8 presents the analysis of oil-displacing (gas formation) and oil-diluting (acid formation, oil emulsification) constructed associations of microorganisms.

Table 8 – Analysis of oil-displacing and oil-thinning properties of constructed consortia of microorganisms
	№
	Consortia
	Oil emulsifying activity Е48, %
	pH of the medium on the 10th day of the experiment, units
	Gas-producing

	
	
	aerobic conditions
	anaerobic conditions
	aerobic conditions
	anaerobic conditions
	aerobic conditions
	anaerobic conditions

	1 
	D1Х : D6
	55±0,4
	26±0,3
	4,2±0,2
	4,9±0,1
	++
	-

	2 
	D6 : SR 1
	53±0,1
	9,0±0,1
	4,4±0,2
	4,6±0,1
	+++
	+++

	3 
	D6 : CL1
	50±0,5
	5,3±0,1
	4,1±0,2
	4,4±0,1
	++
	+++

	4 
	D5 : D6
	50±0,1
	4±0,1
	4,4±0,2
	6,2±0,1
	++
	-

	5 
	SR1 : CL1
	5±0,1
	3,0±0,1
	4,8±0,3
	4,9±0,1
	+++
	+++

	6 
	SR1 : D1Х
	30±0,1
	25,0±0,3
	4,6±0,3
	4,7±0,1
	++
	+++

	7 
	CL1: D1Х
	32±0,1
	20,0±0,2
	4,9±0,2
	4,8±0,1
	+++
	+++

	8 
	D6 : SR1 :CL1
	50±0,3
	6,0±0,1
	4,3±0,2
	4,4±0,1
	++
	+++

	9 
	D6 : SR1 : D1Х
	51±0,1
	23,0±0,3
	4,3±0,2
	4,8±0,1
	+++
	-

	10 
	D6 : CL1 : D1Х
	50±0,3
	26,0±0,3
	4,3±0,2
	4,6±0,1
	++
	+++

	11 
	SR1 :CL1: D1Х
	32±0,3
	25,1±0,3
	5,1±0,3
	4,7±0,1
	++
	+++

	12 
	D6 : SR1: CL1 : D1Х
	45±0,3
	28±0,3
	4,0±0,2
	4,4±0,1
	+++
	+++

	Note: 
"+" - weak gas formation
"++" - moderate gas formation
"+++" - active gas formation



As you can see, from the studied 12 constructed associations of microorganisms, by coincidence, at least 4 indicators out of 6 target properties (oil emulsification, acid formation, gas formation in aerobic and anaerobic conditions), the following 5 associations of microorganisms were selected, of which: 2 associations consisting from 2 monocultures - D6: SR 1; D6: CL1; 2 associations from 3 monocultures - D6: SR1: CL1; D6: CL1: D1X and one association of 4 monocultures D6: SR1: Cl1: D1X.
Thus, as a result of studying the oil-displacing and oil-diluting properties of 12 constructed associations of microorganisms, 5 associations of microorganisms with high target characteristics in aerobic and anaerobic cultivation conditions were selected.

[bookmark: _Hlk44456154]3.3 Selection of nutrients for introduction into the formation with microorganisms
On the basis of field tests of microbial EOR, it has been shown that the introduction of microorganisms into a developed oil reservoir sets in motion hard-to-recover residual oil; due to their vital activity in the reservoir, microorganisms release oil-displacing and oil-thinning metabolites - biosurfactants, alcohols, biopolymers, acids, CO2 and CH4 permeability, which modify the permeability of , increase the number of capillaries, and biodegradation of heavy components of crude oil, makes the oil less viscous [28, 29]. It should be noted that for the active life of microorganisms in oil reservoirs, it is necessary to introduce additional easily assimilable sources of carbon, nitrogen and phosphorus. For this purpose, various industrial wastes are used in practice, for example, molasses, corn waste, milk whey, etc. [4, 12, 15, 16, 30, 31].
It is known that for the vigorous activity of microorganisms and the production of various metabolites, it is necessary to introduce additional nutrients into the oil reservoir with readily available sources of carbon, nitrogen and phosphorus, and therefore, the substrates used for nutrient flooding of an oil reservoir must meet the following requirements:
- to be soluble in water and not to precipitate in formation water;
- decompose by both aerobic and anaerobic microflora;
- have certain rheological properties;
- availability of large resources, availability, relative cost.
In the process of monitoring regional materials for use as additional nutrients when conducting model experiments for the cultivation of microorganisms in real oil-reservoir waters of the Akingen field, materials and production wastes located in the accessibility zone of this field were considered. The Akingen oil field is located in the Atyrau region of Western Kazakhstan, 40 km from the city of Kulsary.
Molasses - a waste of beet sugar production, which is a syrupy liquid of dark brown color, is a common component of nutrient media for microorganisms, because contains a complex of growth components, including 45-50% sucrose, amino acids, organic acids, macro- and microelements. The resource of molasses in the Republic of Kazakhstan is constant - the Merke sugar plant, Zhambyl region, the cost of molasses at the moment is 10,200 tenge / ton.
Whey is one of the valuable substrates for nutrient flooding of oil reservoirs, because despite the fact that it is a waste of milk processing industries, it is a complete environment and contains all the necessary nutrients for various microorganisms. Of no small importance is the fact that the use of milk whey in the biotechnology of oil production does not require large expenditures for its preliminary preparation. Most small local dairies do not have equipment for processing whey, and at best it is sold as a feed additive for livestock, at worst it is simply discarded, thereby harming the environment and losing its profit. Meanwhile, it is forbidden worldwide to pour this by-product of the dairy industry into the environment. In the city of Atyrau (Western Kazakhstan) there is a dairy complex "SP Pervomayskiy", among the products there is natural milk whey, also in the city of Uralsk (Western Kazakhstan), the enterprise "Vituralsk" - sells dairy products, including types of whey: dry, concentrated milk whey, dry demineralized milk whey. The cost of dry demineralized milk whey is 47,000 tenge / ton.
In terms of its qualitative composition (abundance and diversity of microorganisms and biologically active compounds), activated sludge is of interest as a source of a wide variety of microorganisms of various physiological groups. Therefore, activated sludge is not used if active microorganisms capable of producing target metabolites are introduced into the formation, because it is impossible to trace the microbiological component.
To optimize nutrient media for nutrients - nitrogen, phosphorus and potassium, various sources of nutrients are introduced, in the form of complex nitrogen-phosphorus-potassium fertilizers (NPK), widely used and produced in Kazakhstan (producers: KazAzot - Mangistau region plant, plant Kazphosphate "- Zhambyl region [32, 33]. 
Based on the study of the application in field practice and monitoring of regional materials for use as additional nutrients when conducting model experiments for the cultivation of selected associations of microorganisms on real oil reservoir waters of the Akingen field, milk whey and molasses were selected, and as additional sources of nitrogen, phosphorus , potassium - complex NPK fertilizer.
Earlier, from the studied 12 constructed associations of microorganisms, by coincidence of at least 4 indicators out of 6 target properties - oil emulsification, acid formation, gas formation in aerobic and anaerobic conditions - 5 associations of microorganisms were selected.
At this stage, the study of acid and gas formation of the associations selected according to the target characteristics in model experiments under aerobic and anaerobic conditions was carried out, where real oil formation water of the Akingen field was used as the basis of the model environment, and carbon was used as a source of nutrients in the environment. nitrogen, phosphorus and potassium - used molasses, milk whey, molasses with the addition of NPK fertilizer, whey with the addition of NPK fertilizer. The experiments were carried out for 10 days, in 4 repetitions.
Table 9 shows the results of changes in the pH of the medium during the cultivation of associations on model media under aerobic and anaerobic conditions.

[bookmark: _Hlk54300821][bookmark: _Hlk53969312]Table 9 – Dynamics of pH changes in model media during cultivation of consortia of microorganisms
	[bookmark: _Hlk53965962][bookmark: _Hlk54296639][bookmark: _Hlk53969303]
№
	Microorganisms
	Molasses 
	Milk whey

	[bookmark: _Hlk54341559]
	
	Aerobic 
	Anaerobic 
	Aerobic
	Anaerobic 

	[bookmark: _Hlk53961785]
	
	[bookmark: _Hlk53865807]pH initial
	[bookmark: _Hlk53961841]pH final
	pH initial
	pH final
	pH initial
	pH final
	pH initial
	pH final

	[bookmark: _Hlk54296746]1
	control
	[bookmark: _Hlk53963203][bookmark: _Hlk53963344]6,28±0,19
	[bookmark: _Hlk54340385][bookmark: _Hlk54340157]6,2±0,19
	6,28±0,19
	6,2±0,19
	6,36±0,19
	[bookmark: _Hlk54340402]6,42±0,19
	6,36±0,19
	6,42±0,19

	[bookmark: _Hlk53965992]2
	[bookmark: _Hlk54344551]D6:CL1
	6,22±0,19
	[bookmark: _Hlk54340591]4,94±0,15
	6,22±0,19
	5,15±0,15
	6,33±0,19
	4,86±0,14
	6,33±0,19
	5,02±0,15

	3
	D6:SR1
	6,29±0,19
	[bookmark: _Hlk54340668]4,99±0,15
	6,29±0,19
	5,18±0,15
	6,30±0,19
	[bookmark: _Hlk54340880]5,02±0,15
	6,30±0,19
	5,23±0,15

	4
	D6:CL1:SR1
	6,21±0,18
	[bookmark: _Hlk54340706][bookmark: _Hlk53963433]4,9±0,14
	6,21±0,18
	5,06±0,15
	6,29±0,18
	[bookmark: _Hlk54340942]5,05±0,15
	6,29±0,19
	5,19±0,15

	5
	D6:D1X:CL1
	6,24±0,19
	[bookmark: _Hlk54340804]5,07±0,15
	6,24±0,19
	5,36±0,16
	6,35±0,19
	5,01±0,15
	6,35±0,19
	5,35±0,15

	6
	D6:D1X:CL1:SR1
	[bookmark: _Hlk54299511]6,28±0,19
	[bookmark: _Hlk54299569]4,88±0,14
	6,28±0,19
	5,24±0,15
	6,31±0,19
	[bookmark: _Hlk54341018]4,82±0,14
	6,31±0,19
	5,12±0,15

	[bookmark: _Hlk54296656]Note: pH initial - pH values at the beginning of the experiment,
          pH final - pH indicator by the end of the experiment on the 10th day



It is known that a decrease in the pH of the medium during the cultivation of microorganisms indicates the formation of acids in the fermented medium. As can be seen from the tabular data, all 5 associations of microorganisms actively ferment aggressive oil-water water with the addition of molasses or milk whey, however, under aerobic conditions, the acidification of the medium is more active than in anaerobic conditions in all variants of the experiment. We explain this by the fact that the associations include the oil-oxidizing bacterium P. aeruginosa D6, isolated from flooded oil-stratal water. The change in the pH of the model media with the addition of molasses and milk whey during the cultivation of the association is comparable; however, the best results of acidification of the medium are observed when using milk whey. Thus, the maximum decrease in the pH of the medium by the end of the experiment is observed under aerobic conditions up to 4.81 units (ref. 6.31) and under anaerobic conditions up to 5.12 units. (out. 6.31 units) on a model medium supplemented with milk whey during the cultivation of an association consisting of 4 strains (D6: D1X: CL1: SR1). The next active acid-forming agent on whey is an association consisting of 2 strains (D6: CL1), both under aerobic and anaerobic conditions.
It is known that whey contains substances that are absent in molasses (vitamins of group B, amino acids) and contains all the necessary mineral nutrients for various microorganisms [7]. Perhaps this explains the better growth of associations on the model medium with the addition of whey.
To optimize nutrient media for nutrients - nitrogen, phosphorus and potassium, various sources of nutrients are introduced, in the form of complex nitrogen-phosphorus-potassium fertilizers (NPK), widely used and produced in Kazakhstan (producers: KazAzot - Mangistau region plant, plant Kazphosphate "- Zhambyl region [25, 26]. In this connection, table 10 shows the results of changes in the pH of the medium during the cultivation of associations on model media with the addition of both carbon sources - molasses and milk whey, and sources of nutrients nitrogen-phosphorus-potassium (NPK fertilizers).

Table 10 – Dynamics of pH changes in model media with the addition of carbon, nitrogen, phosphorus and potassium sources during the cultivation of consortia of microorganisms
	
№
	Microorganisms
	Molasses+NPK
	[bookmark: _Hlk54297425]Milk whey+NPK

	
	
	Aerobic 
	Anaerobic 
	Aerobic
	Anaerobic 

	[bookmark: _Hlk54341652]
	
	pH initial
	pH final
	pH initial
	pH final
	pH initial
	pH final
	pH initial
	pH final

	[bookmark: _Hlk54342001]1
	control
	6,36±0,19
	6,42±0,19
	6,36±0,19
	6,42±0,19
	6,08±0,18
	6,29±0,19
	6,08±0,18
	6,27±0,19

	2
	D6:CL1
	[bookmark: _Hlk54301208]6,40±0,19
	5,37±0,16
	6,40±0,19
	5,55±0,16
	6,50±0,19
	5,35±0,16
	6,50±0,19
	5,58±0,17

	3
	D6:SR1
	6,45±0,19
	5,47±0,16
	6,45±0,19
	5,62±0,17
	6,44±0,19
	5,37±0,16
	6,44±0,19
	5,51±0,16

	4
	D6:CL1:SR1
	6,38±0,19
	5,27±0,16
	6,38±0,19
	5,43±0,16
	6,48±0,19
	5,33±0,16
	6,48±0,19
	5,48±0,16

	5
	D6:D1X:CL1
	6,40±0,19
	5,31±0,16
	6,40±0,19
	5,60±0,17
	6,46±0,19
	5,32±0,16
	6,46±0,19
	5,59±0,17

	6
	D6:D1X:CL1:SR1
	6,39±0,19
	5,26±0,16
	6,39±0,19
	5,59±0,17
	6,43±0,19
	5,26±0,16
	6,43±0,19
	5,62±0,17

	Note: pH initial - pH values at the beginning of the experiment,
          pH final - pH indicator by the end of the experiment on the 10th day



As can be seen, all microbial associations ferment model media based on oil-water with the addition of carbon and NPK sources; however, the maximum decrease in the pH of the medium did not exceed 5.26 units. with the initial 6.9 units. for an association of 4 cultures. Growth patterns under aerobic and anaerobic conditions correlate with previous results (Table 9), i.e. under aerobic conditions, acidification of the medium is more active than under anaerobic conditions in all variants of the experiment.
An important property for biotechnology to enhance oil recovery of flooded reservoirs is the ability to generate gassing of microorganisms in oil reservoirs. when more than half of the reserves are withdrawn from the reservoir, the pressure in the oil reservoir decreases, and therefore, it is necessary to increase the pressure in the reservoir.
Table 11 presents the results of studying the formation of gas associations of microorganisms on model media based on oil-water with various additives of nutrients.



Table 11 – Dynamics of gas formation of consortia of microorganisms in formation water with various nutritional supplements
	[bookmark: _Hlk54302233]
№
	Microorganisms
	Molasses
	Milk whey
	Molasses+NPK
	[bookmark: _Hlk54302297]Milk whey+NPK

	
	
	Aerobic 
	Anaerobic 
	Aerobic 
	Anaerobic 
	Aerobic 
	Anaerobic 
	Aerobic 
	Anaerobic 

	
	
	For 10 days
	For 10 days
	For 10 days
	For 10 days
	For 10 days
	For 10 days
	For 10 days
	For 10 days

	
	control
	-
	-
	-
	-
	-
	-
	-
	-

	[bookmark: _Hlk54303309]1
	D6:CL1
	++
	++
	++
	++
	++
	++
	++
	++

	2
	[bookmark: _Hlk54308315]D6:SR1
	+++
	+++
	+++
	+++
	+++
	+++
	+++
	+++

	3
	D6:CL1:SR1
	++
	++
	++
	++
	++
	++
	++
	++

	4
	D6:D1X:CL1
	++
	++
	+++
	+++
	++
	++
	++
	++

	5
	[bookmark: _Hlk54303326]D6:D1X:CL1:SR1
	+++
	+++
	++
	+++
	+++
	+++
	+++
	+++

	[bookmark: _Hlk53969495]Note. Gas formation: + -weak, ++ - moderate, +++ - active



As you can see, active gas formation under aerobic and anaerobic conditions is observed for 2 associations of microorganisms, of which - an association consisting of 2 strains: D6: SR1 and an association consisting of 4 strains: D6: D1X: CL1: SR1, the remaining 3 associations are moderate gas generators.
The ability of the constructed associations of microorganisms to produce bioemulsifiers (bioSurfactants), which disperse oil, increasing the bioavailability of oil hydrocarbons for microorganisms, was studied by determining the index of oil emulsification index (E48) after 48 hours in the culture liquid without centrifuging the cells of microorganisms. In these studies, oil from the Akingen field was used as a hydrophobic substrate.
Figure 5 shows the results of determining the emulsification index of the constructed associations of microorganisms.

Figure 5 - Oil emulsification index of engineered consortia of microorganisms

As you can see, for all designed associations, the emulsification index E48 for oil from the Akingen field is 51-65%. The maximum value of the E48 value is shown for the association consisting of 2 cultures: D6: CL1 and is 65%. It should be noted that earlier, to determine the ability of microorganisms to emulsify oil, crude oil from the Karaton field was used, which is characterized by heavy oil density, where these microorganisms showed a lower ability to emulsify oil. In these experiments, oil from the Akingen field was used, which has an average oil density, and, accordingly, it showed a higher ability of microbes to emulsify, although both fields belong to the Caspian oil and gas province.
It is known that microorganisms with an emulsification index of more than 50% are promising targets for the development of biotechnology for enhanced oil recovery [3, 18].
Thus, as a result of the monitoring of regional materials for use as additional nutrients during model experiments for the cultivation of the selected associations of microorganisms on the real oil waters of the Akingen field, whey and molasses were selected, and as additional sources of nitrogen, phosphorus, potassium - complex NPK fertilizer.
The study of acid, gas and oil emulsification of 5 associations in model experiments based on real oil formation water from the Akingen field with various nutrient additives under aerobic and anaerobic conditions revealed that all 5 microorganism associations actively ferment aggressive oil formation water when nutrient sources are added : carbon source - whey or molasses; sources of nitrogen, phosphorus, potassium - in the form of complex nitrogen-phosphorus-potassium fertilizers (NPK). It has been shown that the optimal nutritional supplement for fermentation of oil-water is milk whey in the amount of 15% vol. It has been established that active acid, gas and oil emulsifiers (65% and 55%) are 2 associations of microorganisms, consisting of two and four cultures of microbes:
· P.aeruginosa D6 : Bacillus licheniformis CL-1,
· P.aeruginosa D6 : B. licheniformis SR-1: B. licheniformis CL-1 : Bacillus sp. D-1Х.

3.4 Creation of the technological scheme for carrying out enhanced oil recovery using the association of microorganisms
Based on the conducted surveys, a laboratory procedure was drawn up for obtaining a biological product "Neftebak +" for enhancing oil recovery using an association of microorganisms isolated from flooded oil-water waters of the "Akingen" field with a schematic process flow diagram of production at a laboratory facility (Appendix C).
Figure 6 shows a schematic flow diagram of enhanced oil recovery using an association of microorganisms.

Activation of monostrains on E8 medium+ milk whey (48 h)


B. licheniformis CL1
P.aeruginosa D6


Monostrains (cell titer at least 1010-11)
Getting consortia: monostrains are mixed in a 1:1 ratio



Cultivation of consortia for biomass accumulation
E8 + whey


Biomass of consortium of microorganisms (24 h)


Introduction of microorganisms into oil reservoir water with the addition of milk whey


Formation of acids, biogas, oil biosurfatants



Figure 6 - Principal scheme of enhanced oil recovery using microorganisms consortiun

Laboratory conditions allow conducting a wide range of experiments, including model experiments, to study all the advantages and disadvantages of technological schemes, as well as to accurately determine the ways of improvement.
The use of microbiological approaches in the development of methods for increasing oil production requires careful selection of active strains of microorganisms with high target activity among microorganisms of the natural microflora of environmental objects and on the territory of the field.
Thus, a biological product "Neftebak +" was obtained on the basis of aboriginal microorganisms isolated from the developed oil reservoir waters with oil-displacing and oil-diluting properties and can be used to reduce the viscosity of crude oil from fields in Western Kazakhstan, in particular, the "Akingen" field. A conceptual technologicsl scheme for enhancing oil recovery using the association of microorganisms has been developed. The work requires further field trials.




CONCLUSION

Based on the results of the studies carried out for 2018-2020, the following conclusions were made:
1. Selected 16 strains of microorganisms with high target activity on the basis of studying the oil-displacing and oil-thinning properties of the 31st strain of microorganisms developed by the oil reservoir waters of the "Akingen" field.
2. The identification of 16 selected strains of microorganisms based on the analysis of the nucleotide sequence of 16S rRNA:
strains T1, T3, T4, T5, D1 - attributed to the type strain of Pseudomonas aeruginosa, strain D8 - attributed to p. Bacillus.
3. It was revealed that out of 16 strains of microorganisms, 8 strains, in particular, 5 strains of P. aeruginosa (D5, D6, D7, T2, T3) and representatives of bacilli: B. subtilis A5, Bacillus sp. S1, B. licheniformis SR1 have antagonistic activity against selected 16 strains.
4. On the basis of studying the antagonistic relationships between strains of 16 strains, the following 5 strains of microorganisms were selected: P. aeruginosa D5 - oil emulsifier, acid former, gas former, P. aeruginosa D6 - oil emulsifier, acid former, gas former, Bacillus sp. D1X - oil emulsifier, gasifier, B. licheniformis SR1 - acidifier, gasifier (anaerobic conditions) and B. licheniformis CL1 - acidifier, gasifier (anaerobic conditions).
5. From the studied 12 constructed associations of microorganisms, by coincidence, at least 4 indicators out of 6 target properties - oil emulsification, acid formation, gas formation in aerobic and anaerobic conditions - the following 5 associations of microorganisms were selected, of which: 2 associations consisting of 2 monocultures - D6: SR 1; D6: CL1; 2 associations from 3 monocultures - D6: SR1: CL1; D6: CL1: D1X and one association of 4 monocultures D6: SR1: Cl1: D1X.
6. It has been established that the maximum accumulation of biomass by the selected 5 associations of microorganisms under aerobic and anaerobic conditions occurs on a nutrient medium E8 with a molasses content of 10% of the total volume.
7. As a result of the monitoring of regional materials for use as additional nutrients during model experiments for the cultivation of active associations of microorganisms in the real oil reservoir waters of the Akingen field, whey and molasses were selected, and as additional sources of nitrogen, phosphorus, potassium - complex NPK fertilizer.
8. It was revealed that the selected 5 associations of microorganisms actively ferment aggressive oil-formation water with the addition of nutrient sources in different versions: a carbon source - milk whey or molasses; sources of nitrogen, phosphorus, potassium - complex nitrogen-phosphorus-potassium fertilizers (NPK).
9. It has been shown that the optimal nutritional supplement for the fermentation of petroleum water is milk whey in the amount of 15% vol. from Wednesday
10. It has been established that active acid and gas formers and oil emulsifiers (65% and 55%) are 2 associations of microorganisms, consisting of two and four cultures of microorganisms:
- P.aeruginosa D6 : Bacillus licheniformis CL-1;
- P.aeruginosa D6 : B. licheniformis SR-1: B. licheniformis CL-1: Bacillus sp. D-1Х.
11. Compiled laboratory regulations for the production of the biological product "Neftebak +" for enhanced oil recovery using the association of microorganisms isolated from the flooded oil reservoir waters of the "Akingen" field
12. The technological scheme for enhancing oil recovery by means of the association of microorganisms in model experiments was drawn up, based on the laboratory regulations for the production of the biological product "Neftebak +".
The stated research tasks have been completed in full.
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APPENDIX B
Work schedule
	№ No.
	Tasks, actions to implement project tasks
	Durat ion
(months)
	Works starting and closing 
* (dd/mm//yy)
	Years of project implementation, expectations for project implementation
(by tasks and actions) 

	
	
	
	
	2018
	2019
	2020

	1
	Screening of microorganisms capable of secreting metabolites necessary to enhance oil recovery. Identification of selected cultures of microorganisms.
	12
	03.01.18- 01.11.18
	Screening of microorganisms capable of secreting metabolites necessary to enhance oil recovery will be done. Identification of selected cultures of microorganisms 
	
	

	1.1
	Selection of microorganisms capable for formation metabolites for MEOR
	9
	03.01.18-31.09.18
	Microorganisms capable for formation metabolites for MEOR will be selected
	
	

	1.2
	Identification of selected cultures of microorganisms.
	3
	01.10.18-01.11.18
	Selected cultures of microorganisms will be identified.
	
	

	2.
	Creation microorganism’s association, based on combination of properties of microorganisms and selection of nutrient medium 
	12
	03.01.19-01.11.19
	
	Microorganism’s association, based on combination of properties of microorganisms and selection of nutrient medium will be created
	

	2.1
	The study of the antagonistic activity of microorganisms in the association
	6
	03.01.19-30.06.19
	
	Antagonistic activity of microorganisms in the association will be studied
	

	2.2
	The study of the target activities of the association of microorganisms and the production of biomass associations using a variety of nutrient medium
	6
	01.07.19-01.11.19
	
	The target activities of the association of microorganisms and the production of biomass associations using a variety of nutrient medium will be studied
	

	3.
	Drawing up a technological scheme for MEOR using the association of microorganisms in model experiments.
	12
	03.01.20-01.11.20
	
	
	A technological scheme for increasing the oil recovery from reservoirs will be compiled using the association of microorganisms in model experiments

	3.1
	Selection of nutrients (industrial wastes) for introduction into the reservoir with microorganisms
	6
	03.01.20-30.06.20
	
	
	A selection of nutrients (industry waste) will be carried out to introduce into the reservoir with microorganisms

	3.2
	Creation of a technological scheme for enhanced oil recovery using an association of microorganisms
	6
	01.07.20-01.11.20
	
	
	A technological scheme will be created for increasing oil recovery from the association with microorganisms
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Introduction

In recent years, the problem of completeness of oil recovery from reservoirs has become more urgent, since residual or non-recoverable oil reserves by industrially developed methods of development reach an average of 55-75% of the initial geological oil reserves in the depths. As you know, Kazakhstan is currently going through a late stage of development. The products produced in Kazakhstani fields have reached a high level of water cut (80-90%), and the volume of undeveloped oil reserves remaining in the subsoil is up to 60-70%. In this connection, the development of tertiary methods of enhanced oil recovery will make it possible to rationally use natural oil resources and obtain economic benefits from the production of additional oil.
In this regard, the solution to the problem of developing new technologies that will increase the oil recovery of suspended fields, where it is no longer possible to extract significant residual oil reserves by traditional methods, is urgent.
All microbiological methods of influence on oil reservoirs can be divided into two main groups. The first includes technologies that use the waste products of microorganisms obtained on the surface of the earth. The second group provides for the development of microbiological processes in order to obtain metabolites directly in the formation. The development of these methods is impossible without knowledge of the physicochemical and microbiological conditions in the oil strata. In the fishing practice of various countries, biotechnologies of the second group are mainly used, because they are more effective in waterflooded reservoirs with hard-to-recover residual oil. Most of the fields in Kazakhstan are characterized by low permeability, high oil viscosity and complex geological structure, that is, their reserves are classified as hard-to-recover. In addition, when the formation microflora is activated in order to selectively block high-permeable layers with biomass, the effect is more than two times lower than in biotechnology with the injection of microorganisms. In this connection, biotechnologies based on the introduction of microorganisms directly into the formation are preferable for RK.
In the oil industry, combined biological products are in demand, due to the fact that oil is a multicomponent mixture of hydrocarbons of various molecular weights and other chemical compounds. The bacterial strains included in the biological product are combined into associations according to the ability of the strains to produce various biologically active substances so that they complement or reinforce each other in biological activity, in particular, the production of oil-displacing and oil-thinning metabolites in the conditions of the developed oil reservoir (high concentrations of mineral salts, pressure, deficiency oxygen).
Microorganisms of oil fields have great biotechnological potential, since, in addition to being adapted to the extreme conditions of the developed non-petroleum plastics, they form a number of oil-displacing metabolites - surfactants, exopolysaccharides, solvents, acids, gases - the appearance of which in the reservoir system associated with aerobic-anaerobic oil degradation.
The use of microbiological approaches in the development of methods for increasing oil production requires careful selection of active strains of microorganisms with high target activity among microorganisms of the natural microflora of environmental objects and on the territory of the field.
Microbiological enhanced oil recovery methods are attracting attention for their low capital intensity, high efficiency and environmental safety. In biotechnology, additional displacement is caused by the same mechanisms as in physicochemical methods, but microbial metabolites are formed directly in the pores of the formation, which increases the effectiveness of their action.

1. Purpose and scope
This Laboratory Regulation for the production of biological products for enhanced oil recovery by the microbiological method based on the association of microorganisms has been developed in accordance with Article 22 of the Environmental Code of the Republic of Kazakhstan No. 268-VI dated October 28, 2019. The regulation contains a scientifically based concept of obtaining an association of microorganisms with polyspecific action. A biological product based on mixed microorganisms isolated from developed oil-reservoir waters - used to reduce the viscosity of crude oil, due to the formation of oil-displacing and oil-diluting metabolites by microorganisms, and an increase in oil production.

2. General provisions
2.1. The production of microbial biological products for enhanced oil recovery in flooded formations was based on the following approaches:
• Isolation of strains from oil waters of the "Akingen" field, which is at a late stage of development.
• Selection of microorganisms capable of releasing metabolites (organic crops, gas formation, biosurfactants) required for enhanced oil recovery.
• Identification of the selected cultures of microorganisms.
• Study of the plasmid profile of microorganism strains with oil-diluting and oil-displacing properties, promising for increasing oil recovery from flooded formations.
• Study of inter-strain antagonistic relationships and target properties of the selected strains.
• Construction of associations of microorganisms based on inter-strain interactions.
• Study of the target activity of the obtained associations - oil emulsification, acid formation, gas formation under aerobic and anaerobic conditions.
• Selection of available nutrients to be introduced into the oil reservoir for the active vital activity of embedded microorganisms.
• Study of oil emulsification, gas formation and acid formation of associations of microorganisms on real oil-reservoir waters with various carbon sources (whey, molasses, milk whey with the addition of complex nitrogen-phosphorus-potassium fertilizers (NPK) and molasses with the addition of complex NPK (14-11-22) fertilizers.
• On the basis of the obtained experimental data, develop a concept for the creation of biological products for enhanced oil recovery.
1 Characteristics of the final product of production
- product name: Biopreparation - "Neftebak +" for enhanced oil recovery.
- a brief description of the appearance and consumer properties of the product: brown paste-like substance in bottles (500 mg).
Biological product based on the association of microorganisms: Pseudomonas aeruginosa D6, Bacillus licheniformis CL-1. 1 mg of the drug should contain at least 109-1010 colony-forming units (CFU) of microorganisms.
- regulatory requirements for packaging, labeling, transportation, storage conditions: 500 ml bottles with the biological product "Neftebak +" are packed in boxes. A label made of label paper or writing paper is glued to the box. Then they are packed in a shipping container. The shelf life is 6 months.
- Product category: brown substance.
- Indications for use: to increase oil recovery by microbiological method based on the association of microorganisms.
Composition: nutrient medium E8 with the addition of whey, association of microorganisms: P. aeruginosa D6, B. licheniformis CL-1.
Storage: in a well-sealed container in the refrigerator.

2 Characteristics of raw materials, materials and intermediate products

2.1 Required equipment and reagents
Equipment:
- electric dry-air thermostat TS-1/80 SPU, 2017
- air sterilizer SNOL 67/350
- low-temperature laboratory electric furnace SNOL 67/350, UMEGA
- pH meter 150 M, 2018
- biosafety class II laminar flow cabinet BioBas BSC-1300IIA2-X, 2017
- bioreactor series LR 2000 P and LR 2000 V.
- analytical balance AR 1530 Adventurer, 2003
- centrifuge MRW - 350, 2003
- laboratory centrifuge OS-6M, 2005
- refrigerator CRHO9 GVQA
- rocking chair for 50 flasks

2.2 Reagents:
KH2PO4 - chemically pure
(NH4) 2HPO4 - chemically pure
 MgSO4 - reagent grade
NaСl - chemically pure

2.3 Materials:
Nutrient Sources
Synthetic medium E8 (minimum mineral background) g / l: KH2PO4 - 0.7; (NH4) 2HPO4 1.5; MgSO4 0.8; NaCl - 0.5; pH = 6.6-6.7; Salts and phosphates were diluted separately, the medium was sterilized by autoclaving at 0.75 atm. 20 minutes.
Milk whey - dry demineralized milk whey brand SD 40, physicochemical parameters: pH-6.44, mass fraction of lactose 79.05%, mass fraction of ash 2.98%, mass fraction of moisture 2.83%, mass fraction of fat 0.50%, diluted in tap water 10 g / l.

3 Technological scheme of production
Technological stages of preparation of cell biomass
Technological schemes for obtaining a drug based on the association of microorganisms include the following basic operations:
1. Preparation of inoculum and culture medium.
2. Growing microorganisms on optimal nutrient media.
3. Obtaining biomass, concentrating the suspension of microorganisms.
4. Packaging of the finished biological product.

3.1 Preparation of inoculum and culture medium.
Seed preparation
A few days before the inoculation, bacteria from schools with MPA are subcultured into flasks with a freshly prepared liquid nutrient medium - E8 + whey (15%), which will be further used for cultivation.
Pre-fermentation production of cell biomass
To obtain the biomass of microorganisms, the monocultures were scaled, each culture was grown in a liquid nutrient medium MPB - inoculum with a cell titer of 1010-11 was introduced into flasks with 70 ml of medium in an amount of 8 ml of each culture. The optimum temperature is 40 ° C, the pH of the medium is 6.8. The cultivation process was carried out periodically under aerobic conditions for 2 days.
3.2 Cultivation of an association of microorganisms in a microbioreactor
For cultivation of associations of bacteria P. aeruginosa D6: B. licheniformis CL-1 in laboratory conditions, a microbioreactor with a volume of 2 liters is used, with a mechanical stirrer to maintain aerobic conditions. Carbon dioxide is supplied from a special cylinder at the rate of 0.01-0.5%, oxygen is supplied by a compressor, the temperature in the volume of the microbioreactor is controlled by a temperature sensor. To control the culture medium and measure the biomass of microorganisms, samples are taken using a glass tube from the outlet (Fig. 1; 2).
The bioreactor allows you to obtain 1.5 liters of bacteria suspension during the day.

Installation principle
The container is filled with a nutrient medium in a volume of 1.5 liters, monocultures of microorganisms activated in the BCH are added from the pre-fermentation medium with a cell titer of 1010-11, and then 2 monocultures are mixed in a 1: 1 ratio and added in an amount of 10% of the medium volume. The contents of the microbioreactor, including the nutrient medium and association cells, are continuously mixed and aerated with a mixture of air. To grow bacteria, a nutrient medium was used - a synthetic mineral background E8 with the addition of milk whey in an amount of 15%. The optimum temperature is 40 ° C, the pH of the medium is 6.8, the rotation speed is 280 rpm. The cultivation process was carried out under aerobic conditions for 24 hours.
Equipment. Microbioreactor, laminar flow hoods, laboratory scales, analytical scales, autoclave, microscope Motic B1-220A.
Materials. Sets of chemical glassware and reagents for the preparation of culture media.
The cultivation process of the association of bacteria - P. aeruginosa D6: B. licheniformis CL-1 consists of the following stages:
 Preparation of the culture medium
Synthetic medium E8 with the addition of demineralized milk whey (DMS) in the amount of 15% of the volume of the medium is prepared for 1.5 liters.
Synthetic medium E8 (minimum mineral background) g / l: KH2PO4 - 0.7; (NH4) 2HPO4 1.5; MgSO4 0.8; NaCl - 0.5; pH = 6.6-6.7; Salts and phosphates were diluted separately, the medium was sterilized by autoclaving at 0.75 atm. 20 minutes.
Milk whey - dry demineralized milk whey brand SD 40, physicochemical parameters: pH-6.44, mass fraction of lactose 79.05%, mass fraction of ash 2.98%, mass fraction of moisture 2.83%, mass fraction of fat 0.50%, diluted in sterile tap water 10 g / l, and then added to sterile E8 medium in the amount of 15% by volume of the medium.
The culture medium E8 prepared in this way with the addition of milk whey (15% vol.) Is sterilely poured into the microbioreactor.
 Seed preparation
A few days before the inoculation, bacteria from schools with MPA are subcultured into flasks with freshly prepared liquid nutrient medium E8 + whey, which will be further used for cultivation.
 Obtaining biomass of the association
Sowing bacteria is carried out by sterile introducing into the microbioreactor with a nutrient medium a suspension of each monoculture (with a cell titer of 108-9), with a volume of 75-80 ml, which in total is 150 ml for 2 monocultures. The initial cell density in units of optical density is 0.01-0.03 units.
The biomass yield is 1.5 liters of bacteria suspension within 24 hours.

3.3 Obtaining the target product (cell biomass)
For the target product (cell mass), the supernatant was preliminarily drained from the fermenter, and the thick biomass was poured into sterile 1 liter flasks. The biomass bottles were kept for 24 hours to thicken. The liquid forming over the cell biomass was sterilely decanted. The resulting thick biomass was left in flasks or the biomass was concentrated (by centrifugation) for long-term storage of the drug in the refrigerator.

3.4 Concentration of cell biomass
To concentrate the cell biomass in order to obtain the preparation, the thick biomass was centrifuged in an OS-6M laboratory centrifuge at 5000 rpm for 30 min in 500 ml beakers and then the cell biomass was sterilely transferred into sterile 500 ml jars, each jar contained 400 g of the drug paste. Banks were refrigerated, shelf life more than 6 months.

3.5 Control of purity and quality of biomass
Determination of the titer of living cells in the biomass of new compositions. To determine the number of viable cells from 1 g of the preparation, a suspension was prepared in a flask with 99 ml in sterile saline. From dilutions 8, 9, 10, the standard method was inoculated into Petri dishes with solid nutrient medium on MPA to determine the number of grown colonies.
Before using the biomass after storage, the purity and oil emulsifying activity were checked.

3.6 Storage of microorganisms
The cultures were preserved by the method of periodic replanting on media: on mesopatamia agar at t + 4 ° C. Cultures are stored in a refrigerator in test tubes on optimal nutrient media; culture subcultures must be carried out every 2-3 months to maintain them.
3.7 Packaging of the finished biological product.
Bottles of 500 ml with biological products "Neftebak +" are packed in boxes. A label made of label paper or writing paper is glued to the box. Then they are packed in a shipping container. Expiration date - 6 months

3.8 Description of the technological process
Technological scheme for obtaining a biological product "Neftebak +"
3 Activation of monostrains on E8 medium + whey (48 h)
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Figure 1 - Production flow chart
4 Hardware diagram of production
Microbioreactor for the cultivation of bacteria P. aeruginosa D6, B. licheniformis CL 1,
Laboratory reactor system LR-2.ST
The LR-2.ST and LR 2000 systems are modularly expandable laboratory reactors designed to simulate and optimize chemical reaction processes as well as mixing, dispersing and homogenizing on a laboratory scale. Typical Applications:
 - production of creams, lotions, emulsions and liposomal preparations in pharmaceuticals and cosmetics;
- mixing solid substances, such as calcium carbonate, talc, titanium oxide, etc., with liquid polymers; - mixing additives and solid polymer composites with petroleum products;
- grinding and mixing of solid and fibrous substances with liquids and polymers.
The reliable LR-2.ST laboratory reactors can also be used for vacuum operation. The LR 2000 P (pressure) and LR 2000 V (vacuum) laboratory reactors are specially designed for pharmaceutical and cosmetic applications. The systems can be individually adjusted to suit a wide variety of different applications and requirements. IKA® laboratory instruments such as temperature measuring instruments, laboratory stirrers and dispersers, pumps and thermostats can be connected and controlled from a PC using the labworldsoft® software. The VK 600 control VISCOKLICK® or VM 600 basic torque measuring instruments enable the evaluation of rheological properties. Some of the characteristics of IKA® laboratory reactors are: - Modular expansion for the use of interchangeable instruments for various applications (3 connections NS 29 and 2 NS 14) - Two-liter single and double-walled reactor vessels made of borosilicate glass or stainless steel, bottom drain valve - Seal materials (FFPM) resistant to solvents and high temperatures up to 230 ° C
Bioreactor IKA ® LR-2.ST BETRIEBSANLEITUNG D3 OPERATING INSTRUCTIONS GB 14 MODE D'EMPLOI F2 5 IKA ® WERKE 33 260 00 (Fig. 1)[image: ]
Figure 2 - Laboratory reactor system LR-2.ST

Technical data
[image: ]
[image: ]
Figure 3 - Schematic of the laboratory reactor system LR-2.ST
Accessories: LR 2000.1 Reactor vessel, LR 2000.2 Reactor vessel, LR 2.1 Reactor vessel, LR 2000.10 Anchor nozzle, LR 2000.11 Anchor nozzle, LR 2000.20 Flow cut-off, T 25 digital ULTRA-TURRAX®, HBR 4 digital Oil bath, CC3-308B vpc Circulation thermostat, LVS 105 T-ef, DTM 12 IKATRON® Digital temperature measuring device, PT 100.25 Thermal sensors, PC 1.5 Cable, LT5.24 Hose adapter, PC 2.3 Cable, PC 2.2 Adapter, labworldsoft®, LR 2000.40 Shaft holder, S 25 KV - 18 G, S 25 KV - 25 F, LT5.20 Hose, PC 1.2 Adapter, PCI 8.2 Plug-in plate, LR 2000.60 Sensor holder, S 25 KV - 25 G

5. Safety requirements when working with biological products
The biological product belongs to substances of the 4th hazard class, it is not pathogenic, not toxic, not flammable, not explosive, not caustic, not corrosive, is not a carcinogen. Safe for the environment, humans, warm-blooded animals, amphibians, fish, zooplankton, microorganisms. It is not a pollutant of water, soil, air, completely biodegradable.
The biological product does not possess skin-irritating, allergenic and sensitizing properties. It does not enter the body through intact skin, it is safe when ingested through the nose and mouth. Has no local skin irritant effect.
If it gets into the auricle, it is not dangerous. If a biological product gets into an open wound, it can cause infection. When working with a biological product, it is recommended to use personal protective equipment (gown or overalls, gloves, goggles, respirator). It is not recommended to allow persons prone to allergic reactions, suffering from chronic inflammatory diseases of the respiratory system, eyesight and skin to work with a biological product.
If an allergic reaction occurs, it is necessary to eliminate the contact of the victim with the biological product, consult a doctor. If the drug gets on the mucous membrane of the eyes, nose or mouth, it should be rinsed with water. In case of hypersensitivity, when signs of irritation of the mucous membranes and skin appear, the work of this person with the biological product should be stopped. Smoking and eating are prohibited in the workplace.
Storage of biological product
The biological product must be stored at a temperature of (+ 4 + 6) 0С for 6 months in special cooling chambers according to the manufacturer's standards, and also depending on the type of biological product.

6. Production control and process control
Preparation of premises
Cultivation of microorganisms should be organized in clean rooms (zones). In clean rooms, it is necessary to maintain an appropriate level of cleanliness and supply air through filters of the required efficiency.
Primary packaging preparation, production and filling should be carried out in separate clean areas.
Cleanrooms for the production of sterile products are classified according to environmental requirements. Each production operation requires a certain level of environmental cleanliness in the operating condition.
Clean areas in the manufacture of sterile products are classified into four types:
A - a local area for operations that pose a high risk to product quality, for example, areas for filling, capping, opening ampoules and vials, connecting parts of equipment under aseptic conditions;
B - area immediately surrounding area A, and intended for aseptic preparation and filling;
C and D - clean areas for performing less critical stages in the production of microbiological preparations (table 1).
Premises of the 1st cleanliness class are intended for unloading and filling of sterile vials. In the premises of the 2nd class, solutions are prepared, filtration, ampoule washing, drying and sterilization. Room of the 3rd class - for washing and sterilization of auxiliary materials. In the premises of the 4th class, the sinks are washed, ampoules are manufactured, etc.
Requirements for other parameters (temperature, relative humidity, etc.) depend on the product and the nature of the technological operations. These parameters are not associated with cleanliness classes.

Table 1 - Limits of permissible microbial contamination of clean zones in an operational state
	Zone type
	Recommended limits for microbial contamination

	
	in air, CFU / cu. m
	sedimentation on a dish with a diameter of 99 mm, CFU for 4 hours
	contact plates with a diameter of 55 mm, CFU / plate
	glove print (5 fingers), CFU / glove

	A
	< 1
	< 1
	< 1
	< 1

	B
	10
	5
	5
	5

	C
	100
	50
	25
	-

	D
	200
	100
	50
	-




Equipment preparation
The design, installation and location of equipment, connections and service areas must provide for the ability to work with the equipment, its maintenance and repair outside the clean area. If it is necessary to carry out sterilization, it should be carried out after the maximum complete disassembly of the equipment.
If the level of cleanliness (sterility) has been violated during maintenance or repair of equipment located in the clean area, then before resuming production, appropriate cleaning, disinfection and / or sterilization of this equipment (area) should be performed.
All critical equipment is subject to qualification and scheduled maintenance. Their re-introduction should be allowed in the prescribed manner.
Staff training
Clean areas should have the minimum required number of personnel, which is especially important in aseptic production. Inspections and control operations should, if possible, be carried out outside the clean area.
All personnel (including cleaning and maintenance personnel) working in the aforementioned areas should undergo systematic training in the production of sterile medicines, including hygiene and basic microbiology.
It is not allowed to enter the sterile production areas for personnel working with materials from animal tissues or cultures of other types of microorganisms that are not used in the current technological process, except for special cases in which special instructions must be followed to enter these areas.
Requirements for personal hygiene and cleanliness must be observed. The personnel involved in the production of biological products must know the procedure for notifying the management (quality service) of any factors that may lead to an increase in the level of contamination above the permissible level. Dressing and washing should be carried out in accordance with the instructions to minimize the risk of contamination of clothing intended for clean areas and contamination of clean areas.
Zone D. The headgear must cover the hair. A general protective suit, appropriate footwear, or overshoes should be worn. Precautions shall be taken to prevent any contamination from entering the clean area from the outside.
Zone C. The headgear must cover the hair. A suit (one-piece or two-piece) should be worn that fits snugly around the wrists, with a stand-up collar, and appropriate shoes or overshoes. Clothing and footwear must not release fibers or particles.
Areas A and B. The headgear must completely cover the hair. The edges of the headgear should be tucked under the collar of the suit. A mask should be worn to prevent dripping, sterile, powder-free rubber or polymer gloves, and sterile (or disinfected) shoe covers. The lower part of the legs should be tucked into the shoe covers, and the sleeves of the clothes should be tucked into the gloves. Protective clothing must not release fibers or particles and must contain particles from the body.
Clothing intended for a clean area should be cleaned and stored in such a way as to prevent the accumulation of contaminants that can subsequently separate from them.
Production control and process control
The responsibility for the control and management of the technological process is assigned to the chief engineer by the corresponding order of the management.
The microbiological preparation must be prepared in compliance with all aseptic rules. A biological product based on associations of microorganisms is a moist, pasty brown biomass. The drug must withstand tests for pathogenicity, toxicity and bacterial analysis.

7. Occupational health and safety, fire safety, industrial sanitation and working conditions for workers
General requirements for the safe conduct of the technological process must be ensured, in accordance with the standards of the occupational safety system (SSBT), "Safety rules for the pharmaceutical industry", "Electrical installation rules" (PUE), "Safety rules for the operation of electrical installations of consumers (PTB), "Sanitary rules for the organization of technological processes and hygienic requirements for production equipment" (SanPin 11-04-74), "Sanitary standards for the microclimate of industrial premises" (SanPin No. 11-13-94), "List of harmful substances regulated in the air of the working area" ( SanPin No. 11-19-940, and instructions on labor protection and work instructions for production.
Persons who have reached the age of 18, who have no medical contraindications, who have been trained in safe methods of work in accordance with the "Regulations on training, instruction and testing of knowledge on labor protection", and who have passed the exam for admission to independent work are allowed to work. All laboratory workers must undergo a medical examination within the time limits established by the Ministry of Health of the Republic of Belarus.
Production personnel are allowed to work only in overalls and personal protective equipment. The production personnel must conduct the technological process in accordance with the current regulations.
The workplace must have stocks of raw materials and materials that do not exceed the replacement requirement. It is necessary to know the specific properties of the substances used and follow the established rules for working with them.
The production process must be organized so as to prevent the release of dust and harmful substances into the air of the working area. The premises of the experimental-production laboratory, where dust can be released, is equipped with ventilation systems corresponding to the project.
All operated electrical installations must comply with the requirements of the "Rules for the technical operation of consumer electrical installations" and other regulatory documents. Operation of electrical equipment without grounding is not allowed. The premises of the experimental and production laboratory are provided with primary fire extinguishing equipment in accordance with current standards. All workers should be able to use fire extinguishing equipment and be able to provide first aid in case of an accident.
It is not allowed to block up workplaces, passages, exits from premises and buildings, access to fire-fighting equipment.

Environmental protection
The approaches and technologies in the waste minimization strategy include the following positions:
1. Material accounting system (management) and improvement of existing operations:
- accounting and tracking of material flows;
- purchase of low-toxic and non-toxic materials;
- improving methods of storing raw materials and materials;
- strict adherence to the schedules of routine maintenance and preliminary repair of equipment;
- introduction of training programs for personnel and feedback.
2. Improvement of equipment:
- the introduction of waste-free equipment or producing a minimum amount of waste;
- conversion of existing production facilities to produce products with less waste generated;
- increasing the efficiency of existing equipment;
- modification of equipment in order to increase existing or created new opportunities for the recovery or recycling of raw materials;
- elimination of sources of losses and leaks of raw materials.
3. Modification of production processes:
- optimization of the use of raw materials;
- replacement of toxic materials with non-toxic ones;
- reorientation of final products to the minimum content of toxic substances or their complete absence;
- changing the conditions of the processes in the direction of reducing waste generation.
4. Recycling and reuse of raw materials:
- introduction of circulating systems for direct recirculation;
- recycling on production equipment for the secondary use of raw materials and materials;
- recycling outside the workshop for subsequent use;
- separation of waste by types, taking into account the possibilities of their regeneration;
- separation of toxic waste from non-toxic;
- participation in the exchange of waste (use the waste of another company as an alternative raw material).

8. List of production instructions
1. Technological instructions for workplaces:
- technological instructions for the preparation of detergents;
- technological instructions for sterilizing premises, equipment, containers, overalls;
- Technological instruction for weighing substances;
- Technological instruction for obtaining injectable drugs;
- technological instructions for the packaging of injectable drugs.
2. Instructions for safety, industrial sanitation and fire safety of production.
3. Plan for localization of emergencies and accidents.
4. Instructions for preparing equipment for repair and acceptance of equipment from repair, large-scale, permanent production.
5. Instructions for the operation of equipment, measuring instruments and automation equipment.
6. Instructions for the prevention of microbial contamination of raw materials and finished products during storage and production.

9. Technical and economic standards
1. Coefficients of useful use of raw materials and materials.
2. Annual rates of consumption of basic types of raw materials and materials.
3. Annual rates of technological energy consumption.
4. Norms of production waste generation.
5. Technical indicators that determine the production capacity and the efficiency of using fixed assets.
6. Labor costs per unit of the final product.
7. The level of mechanization and automation of main and auxiliary works.
All equipment involved in the production process must have a certificate of conformity of the manufacturing plant according to technical and environmental standards.

8. Information materials
The regulation is the main technological document establishing technological methods, technological means, norms and standards for the implementation of the production process of certain products, ensuring the safety of work and achieving optimal technical and economic indicators.
Laboratory regulations are a technological document that completes research in laboratory conditions when developing a technology for the production of a new type of product or a new technological method for the production of mass-produced products.
Laboratory technological regulations are the basis for the development of pilot industrial regulations and the compilation of initial data for the design of a pilot plant, instrumentation and test equipment.
Laboratory regulations should include the following parts:
characteristics of the final product;
production flow chart;
hardware production scheme and equipment specification;
characteristics of raw materials, materials and semi-finished products;
production control and process control;
labor protection and safety measures;
manufacturing instructions;
technical and economic standards;
environmental protection;
information materials.
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Media Е8 + Glycerol 
(2 %) + Inoculum (10 %) МПБ


Cultivation at  
t 40±1 ºС, 48 h


Bacterial suspension + oil (3:2)


Intensive stirring: shaker 250 rpm 20 min


Determination of the oil emulsification index - Е24, Е48
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