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Abstract  

Today considerable experience in the development of tar sands is accumulated. 

However, well-known mining technologies do not cover the entire depth range of 

natural bitumen deposits. In addition, there are significant energy-intensive technol-
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ogies and negative environmental impacts. In view of this, the purpose of this work 

is to improve the method of extracting natural bitumen in site for a deposit interval 

of 75-200 m and to substantiate the basic technological scheme of this method. The 

proposed method of extracting bitumen from poorly cemented reservoirs in the 

depth range of 50 – 400 m provides: creation of artificial production; the transfer of 

the rock into the water mixture composition under the action of high pressure jets of 

a heated mixture of water, a hydrocarbon solvent and a flotation agent; separation 

from the rock and concentration of bitumen in the production as a result of its heat-

ing, dissolution and flotation; selection of depleted bitum slurry from the production 

by gas lift. The proposed method of extracting bitumen is the transfer of the rock 

at the its occurrence site to the suspension condition on the excavation created by 

the hydraulic production method, separation and concentration of bitumen by dis-

solving it with a heated hydrocarbon solvent and a flotation agent (hydrocarbon 

reagents) and extraction in composition of the depleted rock slurry to the surface 

by the gas lift method. As the preliminary calculations show, the proposed method 

will allow the efficient extraction of bitumen and highly viscous oil from weakly 

cemented reservoirs in the depth range of 50-400 m. Also, the proposed technology 

creates the preconditions for the development of oil sands at a depth of 75-200 m 

since there is currently no effective technology for the interval. In addition, it can 

significantly reduce energy costs, environmental pollution and greenhouse gas emis-

sions. 
 

1. Introduction 
The depletion of traditional deposits and the rise in energy prices 

have led to considerable interest in exploring unconventional hydro-

carbon fields. Heavy oil and natural bitumen are one of the strategic 

hydrocarbon reserves for oil companies around the world. Their re-

serves are many times higher than those of traditional oil and gas. 

pproximately 1.7 trillion barrels of crude bitumen are in the oil 

sands [1,2] but predicts that only 19% of this total (315 billion barrels), 

will ultimately be recovered. A smaller amount, 174 billion barrels, 

could be recovered using today’s technology and under current and 

anticipated economic conditions [1]. (For comparison, crude oil reserves 

in Saudi Arabia are estimated at 264 billion barrels.) 

The development of natural bitumen reserves is being successful-

ly implemented in Canada, the USA and other countries in the world 

[3]. 

Thus, oil sands production in Alberta increased from about 1 mil-

lion barrels/day in 2004 to 2.4 million barrels/day in 2014. This is 

equivalent to an annual increase of 8%. 

All geological preconditions for the formation of large industrial 

clusters of high-viscosity oil and natural bitumen are in Ukraine as 
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well. However, targeted search and exploration work to identify 

them in Ukraine is not being conducted. All known deposits were 

discovered incidentally during oil and gas exploration [4]. 

Bituminous sands contain 9-13% bitumen, 3-7% water and 80-

85% rock. Small particles, preferably clay, with a diameter of less 

than 44 microns are from 15% to 30% of the rock. The task is to sep-

arate the bitumen not only from the sand grains, but also particles of 

micron and submicron size clay. 

In addition, bituminous oil has a high density (0.965-1.22 g/cm3) 

and anomalous viscosity (over 104 MPa∙s). Sulfur and metals, espe-

cially vanadium and nickel in concentrations comparable to their 

content in ore deposits, are also part of it. 

Thus, natural bitumen is significantly different from traditional oil 

in chemical composition, physicochemical properties, the degree of 

interaction with the host rocks and the nature of the saturation of the 

pore environment. Therefore, the methods and approaches used in the 

extraction of traditional oil cannot be directly implemented for the de-

velopment of high-viscosity oil deposits and natural bitumen [4]. 

In this regard, a number of methods for the bitumen extraction 

from tar sands have been developed. A number of methods are re-

ceiving refinement and improvement. 
 

2. Methods of oil sands development 
Oil sands are mainly developed in two ways: the extraction of bi-

tumen by the quarry method and the methods of its extraction in site 

[5]. The choice of method depends mainly on the depth of the reser-

voir. Deposits at depths of up to 50 m and subject to surface mining 

account for about 20% of Canada's bitumen deposits. The remaining 

80% of the oil sands that can be mined at the site. 

A quarrary method involves two major steps: the removal of the 

rock from the quarry and the extraction of bitumen in industrial in-

stallations. After the rock is extracted, bitumen is separated from the 

sand by a process of hot water extraction, patented in 1928 by Dr. 

Carl Clark (bitumen is separated from sand and clay particles by a 

combination of mechanical energy, heat, and the presence of surfac-

tants). Currently modifications of this method are applied [6]. 

Pieces of petroleum sandy ore are ground and mixed with warm 

water containing NaOH to form an aqueous slurry at the mining 
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sites. The slurry is then conditioned at elevated temperatures to help 

release bitumen. Traditionally, extraction drums are used to extract 

bitumen at 80 °C. Recently, pipelines leading to the primary separa-

tion unit at 35-50 °C have been used to facilitate separation. 

In hydraulic pipelines and drums, the pieces of rock left in the 

slurry are displaced and reduced in size. In drums or in hydraulic 

pipelines, bitumen is «released» from the grains of sand. Phase sepa-

ration is enhanced by mechanical displacement and breaking pres-

sure. At a temperature of 35-50 °C and the pH of the suspension 
within 8-8.5 bitumen is separated, forming droplets that are released 

from the grains with stirring of the suspension. 

Because bitumen and water have similar densities, the flotation 

method is used to separate them. For this, bitumen is gradually aerated 

at a rate of about 30% by volume of gas to the mixture volume. Howev-

er, it is very difficult to organize the supply of the optimum amount of 

air for quality aeration and to avoid excessive air supply [5]. 

In [7] it was shown that the aeration stage is the most critical and 

this has the effect of bitumen loss. 

Thus, during conditioning, the liquid suspension is aerated and 

ideally the bitumen is separated from the sand, attached and distrib-

uted to air bubbles. The bituminous foam collected in the gravity 

separation vessel contains about 10% solids and 30% water. The 

foam air bubbles are easily removed by heating or gravity drainage, 

but the viscous bitumen is not easily cleaned of small clay particles 

and drops water emulsified. Dilution of bitumen with a solvent re-

duces its viscosity and density and accelerates the settle of denser 

solids. However, emulsified droplets of water and clay particles have 

tiny diameters, so they settle very slowly [8-9].  

The process is carried out using inclined plates of sedimentation 

tanks, cyclones and centrifuges. For this operation, Syncrude and Sun-

cor use a light fraction of oil (mainly hexane) as the solvent for foaming. 

When the solvent is used in a sufficiently high amount, the bitumen as-

phaltene is partially precipitated. This results in the formation of compo-

site aggregates that catche water and solids from diluted bitumen foam. 

This method significantly improves the gravitational separation, thus 

eliminating the need for cyclones or centrifuges. 

The successful application of water-based technologies for the ex-

traction of bitumen from the Athabasca oil sands lies in the key fact 
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that the sand in the oil sands is hydrophilic. Also, it is believed that a 

thin layer of water surrounds the individual grains of sand (about 10 

nm thick), separating them from bitumen [10]. The most characteris-

tic feature of the Alberta oil sands is that the grains are moist or hy-

drophilic. This hydrophilic tendency of the sands is successful be-

cause the process of extracting bitumen with hot water would not 

work if the grains were not moistened. 

It is assumed that the water film is stabilized by electrostatic forc-

es resulting from the formation of a double electric layer at the 

boundary of the phase separation of «oil – water» and «water – sand» 
[11-14]. 

Quartz sand absorbs most of the bitumen and water mixture, 

forming a continuous phase. The water film separates bitumen from 

sandy and clay surfaces. 

Thus, the removal of bitumen from the oil sands using the pro-

cesses of water-based extraction includes the following steps: 

- grinding of rock that occurs in bunkers or hydraulic pipelines in 

the process of heating its surface and gradual erosion; 

- separation of bitumen from sand grains. (The speed of this step 

depends on the balance between the forces of bitumen separation the 

from the sand grain and the force of attraction (sticking) of the bitu-

men to these grains.) The processes of this stage are affected by the 

rate of heat transfer, mechanical mixing, chemical additives and in-

terfacial properties; 

- the bitumen droplet released from the sand is attached to the air bub-

ble. Depending on the process temperature, the bitumen either attaches to 

the air bubble at a low temperature process (<35 °C) or absorbs the bubble 

in «hot» (75-80 °C) or «warm» (about 45 °C) processes. As a result of 
aeration, the bitumen floats to the top of the gravity separation vessel. As a 

result, a layer of bitumen foam is formed. 

For any production method, the extracted bitumen for quality im-

provement is subjected to primary processing for synthetic oil. In this 

case, residual of the rock (mainly clay fraction) and water are also re-

moved from the bitumen. (Before distillation, the diluted bitumen product 

typically contains approximately 2% water and 0.5% fine solids.) 

This processing is similar to ordinary crude oil treatment using 

cracking and hydrotreating processes. The synthetic crude oil is then 

sent to an oil refinery for further physical and chemical processing. 
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Unfortunately, the quarrying method cannot be used for deeper tar 

sands. In this case, in-situ well production technologies are applied. In this 

case, methods that minimize their viscosity is the most rational [15]. 

Among such methods, thermal and thermochemical occupy a special 

place. These include different combinations of steam or solvent injection 

through horizontal or vertical wells. Currently, two main types of in-site 

methods are made and widely implemented: Cyclic Steam Stimulation 

(CSS) and Steam-Assisted Gravity Drainage (SAGD) [16]. 

Both methods include the injection of hot steam into a reservoir 

for heating oil sands in order to reduce the viscosity of the bitumen 

and to stimulate its production. The CSS method was the first to be 

used in the production of bitumen in site. It includes the injection of 

water vapor into the well at a temperature of 250 °C to 400 °C. Wa-

ter vapor advancing the layer heats the bitumen, reducing its viscosi-

ty. The wells are allowed to settle for several days or weeks and then 

the hot oil mixed with condensed water is pumped out for weeks or 

months. Then the method is repeated. However, in addition to the 

high cost of pumping water vapor, the CSS method generally results 

in bitumen extraction not exceeding 20-25%. 

Another in-site method (currently most widely used) is Steam-

Assisted Gravity Drainage. The method includes the drilling of two 

horizontal wells - one at the bottom of the formation and the other 

five meters above it. Water vapor is injected into the upper well, 

melting the bitumen, which then flows into the lower well. 

The degree of water conversion to steam is about 75%, i.e. 1 kg 

of feed water generates 0.75 kg of steam, and 0.25 kg remains in the 

liquid form [17]. 

The process of steam gravity begins with the stage of preheating, 

during which (several months) the steam is circulated in both wells. 

However, due to the conductive heat transfer, the zone of the reser-

voir between the extraction and injection wells is heated, the bitumen 

viscosity in this zone is reduced and thus the hydrodynamic connec-

tion between the wells is provided. At the main stage of extraction, 

steam is already pumped into the injection well. 

The resulting liquid oil mixed with condensed water vapor is pumped 

to the surface. The level of bitumen extraction by the SAGD method 

reaches 40-60 percent. However, this method is most effective for the 

extraction of oil sands located at a depth of more than 200 m [18]. 
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The above methods have many problems related to the level of 

costs and the negative impact on the environment. For example, the 

use of large amounts of water vapor requires high energy consump-

tion and the use (and placement) of large amounts of water. Current-

ly, the extraction and processing of tar sands requires several barrels 

of water per barrel of oil obtained [19]. 

Open field development and further processing results in signifi-

cant sand volumes that is not fully cleared. It requires further pro-

cessing before being returned to the environment. In addition, the use 

of large quantities of caustic soda for extraction by the quarry meth-

od improves the stability of fine clay particles in waste, the removal 

which is a major problem of the influence on the environmental. 

Calculations show that energy consumption to increase the tem-

perature of 1 ton of oil sand by 1 C is about 5 MJ. Such an energy-

intensive process inevitably releases greenhouse gases that pose a 

threat to the environment. Therefore, for the development of natural 

bitumen deposits with the achievement of acceptable values of ex-

traction coefficients, new methods are needed that are superior to the 

efficiency of traditional steam-boiling technologies. 

Solvent extraction is one possible alternative. Here, the introduc-

tion of thermal energy at the beginning of the extraction process can 

be minimized (the process can be carried out even at ambient tem-

perature) by adding solvents that reduce the viscosity of the bitumen. 

In this regard, methods the bitumen extraction by the solvent (eg, 

VAPEX, N-Solv) are being developed. 

Thus, in the VAPEX - VAPor EXtraction method (using solvents in 

a vaporous state) a mixture of solvents (propane, butane, oil and me-

thane) is pumped into the reservoir in the form of steam into the up-

per horizontal well (Fig. 1). The solvent is mixed with bitumen to 

reduce its viscosity.  

The extraction process is carried out through the lower horizontal 

well. The process uses no water and produces no CO2. But the pro-

ject has not yet found widespread implementation as a number of 

important technical issues have not been resolved (the process of 

dissolution is very slow). 
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Fig. 1. Basic elements of SAGD (& VAPEX) 
 

New technology of N-Solv (Fig. 2), includes pumping into the 

reservoir of solvent (propane) heated to a temperature of ~50 °C. 
Propane dissolves bitumen, its most heavy components remain un-

derground. Lighter oil and solvent, which is able to restore, are lifted 

to the surface. In addition, the mass is less viscous than in the tradi-

tional underground method, so it can be immediately transported by 

pipeline. 

 

 

Fig. 2. Technology of oil extraction from tar sands  

(N-Solv technology) 

 

Moreover, the improvement of the N-solv technology itself by 

heating the solvent, as well as cleaning it from methane admixture 

made it possible to significantly increase the efficiency of the pro-
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cess. (It was found that the methane presence in the formation signif-

icantly worses the process of heat exchange at the interface of sol-

vent - bitumen). 

As a result, greenhouse gas emissions are reduced by 80% com-

pared to traditional methods of production. In addition, the heavy 

admixtures present in bitumen – such as sulfur, asphaltenes, heavy 

metals and the heaviest hydrocarbon fractions – remain underground. 

However, known methods that include the injection of water va-

por or hydrocarbon solvents have a significant disadvantage associ-

ated with the heterogeneity of the rock productive layers. This inevi-

tably leads to their breaking in the production wells and the need to 

apply flow diversion technologies (blocking gels, sediment-forming 

compositions). 

Because of this, most horizontal sections of SAGD wells are laid 

at a depth of more than 200 m (due to the danger of the agent break-

ing into the surface). In the article [18] analyzes 28 SAGD wells. 

They are drilled in the range 212-425 m, with an average of 303 m. 

As the lower boundary of the quarry development is 75 m depth, 

there is a considerable interval of natural bitumen bedding (at least 

125 m capacity (in the range 75-200 m) for which there is no ac-

ceptable extraction technology. 

Thus, today there is a need for efficient, safe and economical ways of 

removing bitumen from tar sands. In addition, an important task is to 

develop an effective method for the deposit interval of tar sands. 
 

3. Justification of technology parameters 

An analysis of the accumulated experience in the development of 

tar sands showed that one of the ways in-site technology 

development (for this interval) could be the technology proposed by 

the authors. It would allow processes to be carried out directly in the 

area of the bituminous rock occurrence. The processes are similar to 

those occurring in above-ground technological equipments 

(bituminous sand processing) by the Clark method [6]. 

Moreover, the area of іmplementation of these processes, 
considering the need to reduce energy consumption and environmental 

impact, should be local, controlled and as isolated as possible. 



 317 

The latter condition, taking into account the properties of the 

bituminous rock, can be fulfilled provided that the pressure in the 

limited working area is not at the level of formation. 

These requirements, in our opinion, can be fulfilled provided the 

consistent implementation by the technology of the following 

operations: 

- formation in the productive layer of mountain excavation, which 

will be an area for geotechnological processes, according to the 

Clark method [6]; 

- the bring of the necessary amount of heat and reagents for 

reduce the bitumen viscosity and its separation from the rock; 

- formation of conditions for efficient bitumen extraction and its 

extraction in the most concentrated form. 

In addition, the technology must have minimal impact on the 

environment, provide maximum heat recovery, have a minimum 

period from the beginning of the project to the receipt of products 

and output to the design capacity. 

Analysis of known technological solutions today showed that the 

above requirements can correspond the technology developed on the 

basis of elements of well production technology [20]. 

This technology includes the opening of a well, the rock's 

breaching at the place of its occurrence with the help of a jet stream, 

the transfer of the rock into the hydraulic mixture composition and 

extraction to the surface [20]. 

The mechanism of hydraulic rocks fracturing is a complex process 

caused by the simultaneous action of a number of factors. These include 

normal and tangential stresses when the jet influence to an array, 

dynamic shock action, filtration pressure, abrasive action, etc. [21]. 

An added advantage of the technology is that it allows the mining 

of disconnected ore bodies in flooded wells in high water inflows, as 

well as under water and offshore. 

However, the rapid decay of the jet energy occurs in the 

conditions of bottom well flooded. This requires the use of hosepipes 

or telescopic monitors that lengthen as the motion of the bottom well. 

As a result, the extraction of the rock mass and the unit construction 

are complicated, as well as the risk of the roof collapse and clogging 

of equipment.Therefore, this technology requires improvement and 

adaptation to the features of the tar sands deposits development. 
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Significant susceptibility to bituminous sand disintegration 

(especially after reducing the bitumen viscosity as resultate heating 

or solvent action) is a positive factor to the protection of this method. 

Taking into account the above requirements for bitumen and 

high-viscosity oil extraction technology at the site of their 

precipitation, as well as the features (and disadvantages) of the 

technology well hydraulic extraction of the minerals in works [22, 

23], a method (Fig. 3) is proposed, which includes: 

- disclosure of the productive layer horizontal well 8 heated 

working fluid - water with surfactants;  

- transfer of the rock (from the bottom of the well) to the slurry as 

a result of the action of high-pressure working fluid streams (stream 

III) (5-20 MPa) at a temperature above 100 °C (stream III). 

Moreover, the rods of hydromonitors 7 with nozzles in the working 

position occupy perpendicular to the axis of the well position. In the 

process, they rotate around the well axis and gradually move along in 

the direction of contact with the fracture front. Mountain excavation 

gradually forms, which develops in the direction of the wellhead; 

- increment of the destructive action of the working fluid jets due 

to the abrasive action of the rock 2 particles, which are captured by 

the hydromonitore jets 7 together with part of the pulp in the interval 

from the nozzle slice to the front of destruction; 

- carry into the excavation with the working fluid flow of thermal 

energy to reduce the bitumen viscosity; 

- the gravitational compartment at some distance beyond the 

hydromonitors 7 (where turbulent mixing is extinguished) from the 

formed pulp of the main part of the rock 2, (except the clay fraction). 

As a result, the pulp is enriched with bitumen and pushed back to the 

vaulted excavation; 

- withdrawal from the production of bitumen-enriched pulp 

(stream II) through the slurry tank 5, located in the vaulted part of 

the production to the separator 12; 

- separation from the pulp in the separator 12 of the solid phase 

remainder (stream I); 

- the selection of the bitumen concentrate (stream IV) and sending 

it for further processing. 
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Fig. 3. Scheme of the bitumen's extracting method from the tar sands deposits: 1 - 

production; 2 - sediment of sand; 3 - pulp enriched with bitumen; 4 – water with a 

clay fraction; 5 - a shank with a chisel and a pulp gathering; 6 - the hinge; 7 - hy-

dromonitor device; 8 - well; 9 - pump; 10 - block of heating; 11 - a block of partial 

separation of the solid phase; 12 - separator; streams: I - sand precipitate; II - pulp 

enriched with bitumen; III - clay solution; IV - bitumen; V - a coolant 

 

It is also assumed that outside the hydraulic system where the 

pressure corresponds to a reservoir, the level of superheating of the 

fluid in the fracture zone will be sufficient to boil it. The formation 

of water vapor bubbles in the rock pores the will increase the process 

of its disintegration. Then, in the resulting water mixture, the 

bitumen drops are attached to the bubbles. Similarly to the processes 

carried out in the extraction plants, the process of bitumen flotation 

to its vaulted will take place in the mountain excavation.  

However, the technology proposed in [22, 23] is based on thermal 

processes of bitumen extraction and therefore cannot be perfect in 

terms of energy efficiency, environmental impact through CO2 

emissions. Therefore, there are reserves for its improvement and 

competitiveness. 

Heating (even in the localized zone) of the productive layer, 

based on the bitumen low content, heat capacity and thermal 

conductivity of the rock, without the prospect of heat recovery is 

unjustified. 
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It is known that a positive result can be achieved by using solvent 

bitumen to reduce the viscosity. (The positive experience of 

moderate heating (eg up to 50 °C, N-Solv method) should also be 

used). It is also expedient to use the liquid solvent as part of the 

working fluid of the hydromonitors when making it into excavation. 

In addition, instead of the bitumen flotation with water vapor 

bubbles, it should be provided to introduce into the excavation a 

flotation agent which, under thermobaric conditions of production, 

was in a gaseous state and in the supply line in a liquid state. 

(Therefore, it was fed into the well of the working fluid for 

monitors).  

Also, to maximize bitumen extraction and reduce solvent losses, 

the following should be considered. 

It is estimated that about 70-80% of the rock (mainly sand), based 

on the composition of bituminous sand, will separate as a result of 

gravitational deposition from the pulp in the production. As a result, 

mountain excavation approximately ⅘ of the cross section will be 

filled with sediment. Its porosity will be about 30%. On this basis, 

ideally the process should be organized in such a way that the pore 

space of the sediment was filled with a slurry of water and clay fraction 

of the rock. In this case, all the bitumen, together with the flotation 

agent, will be displaced from the sludge to the vaulted excavation. 

After taking into account (and agreeing) the above positions, a 

method (geotechnology) and a schematic diagram (Fig. 4) of «cold» 
hydropower in-site bitumen from deposits located at a depth of 50 to 

400 m are proposed. 

The method provides: 

- disclosure the reservoir with horizontal wells; 
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Fig. 4. Schematic diagram of an improved method of extracting bitumen from tar sands: 1 – 

excavation; 2 – sediment of the rock; 3 – gas cap; 4 – water mixture, enriched with bitumen; 5 

– intake device; 6 – swivel connection; 7 – hydromonitors; 8 – horizontal section of the well; 9 

– pump; 10 – the heater; 11 – a filter; 12 – separator; 13 – injection well; 14 – evaporation 

column; 15 – the liquefaction unit; flows: I – mixture of bitumen, solvent, water, clay fraction 

of rock and flotation agent; II – rocks; III – water; IV – a mixture of bitumen, solvent and 

flotation agent; V – a gaseous flotation agent; VI – gaseous solvent and flotation agent; VII – 

liquefied solvent and flotation agent; VIII – a mixture of water, solvent and flotation agent; IX 

– bitumen; X – supply of thermal energy 

 
- transfer of the rock (starting from the bottom well) to the slurry 

as a result of the action of jets working fluid (stream VIII) of high 

pressure (5-20 MPa) at a temperature of about 50  . Moreover, the 

rods of hydraulic monitors 7 with nozzles in the working position 

occupy perpendicular to the axis of the well position. In the process, 

they rotate around the well axis and gradually move in the direction 

of contact with the fracture front. Mountain excavation (mining) is 

gradually forming, which develops in the direction of the wellhead. 

Disintegration of the rock of the productive layer is carried out by 

high-pressure working fluid jets, which include water, flotation agent 

and bitumen solvent. In this case, the flotation agent in the 

thermobaric conditions of the flow line of the working fluid and until 

the nozzles slice hydromonitors is in a condensed state, and in the 
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production - evaporates. After that, its part in the form of bubbles is 

attached to the bitumen drops and the rest - accumulates in the vault; 

- magnification of the destructive action of the working fluid jets 

due to the abrasive action of the particles of the rock 2, which are 

captured by the hydromonitor jets 7 together with part of the pulp in 

the interval from the nozzle slice to the front of destruction; 

- the separation of natural bitumen from the rock occurs as a result 

of reducing its viscosity under the action of solvent; 

- at some distance along the hydromonitors 7 (where turbulent 

mixing goes off) the gravitational separation of the hydraulic mixture 

into the sediment layer (rocks 2 and water in the pores), the gas cap 3 

of the flotation agent vapor in the vault, and the target product layer 

between them - hydraulic mixture enriched with rhe bitumen 4 

(bitumen, solvent, water, clay fraction of rock and flotation agent); 

- selection from the excavation excavation (stream I) of hydraulic 

mixture enriched with bitumen 4 is carried out by gas lift method due 

to the excess pressure formed by the working fluid (stream VIII) and 

the flotation agent in the gas cap 3; 

- the selection of the target product (stream I) to the separator 12 

is carried out through the intake device 5, which in the working 

position floats to the pulp concentrate area and its end, to capture gas 

to form the gas lift effect, is located on the border of the pulp – gas 

cap. In this case, the intensity of selection of the enriched pulp will 

be regulated by the flow rate of the hydromonitors working fluid and 

its composition; 

- separation in the separator 12 selected from the production of 

the hydraulic mixture to the working fluid (stream III), which under 

pressure is fed to the hydraulic monitors 7, a bitumen mixture, 

flotation agent and solvent (stream IV) and rock (stream II). 

As a flotation agent propane gas mixture is proposed to be used. 

Moreover, the ratio of these components in the mixture will depend 

on the technological parameters of the particular object of 

development (depth of occurrence and temperature in the 

production). 

A wide fraction of light hydrocarbons obtained from the 

destruction of the produced bitumen in the process of its preliminary 

preparation is proposed to be used as a solvent. Its component 
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composition will also be determined by the specific conditions of the 

development object. 

The mixture of bitumen, solvent and flotation agent (stream IV) 

in the evaporator 14 is divided into bitumen (stream IX) and a pair of 

flotation agent and solvent (stream VI). Separated in the separator 12 

flotation agent (stream V) and vapor mixture of flotation agent and 

solvent from the evaporation column 14 (stream VI) are liquefied in 

block 15. The water from the separator 12 (stream III), if necessary, 

is additional purified from the clay admixtures in the filter 11, heated 

to a temperature of 50-60 C, connects with the flow of liquefied 

solvent and flotation agent (stream VIII) and high pressure pumps 9 

is fed to the hydromonitors (as a working fluid). Water, flotation 

agent and solvent to the hydromonitors (given the small diameter of 

the pipeline, high pressure and flow rate) come in a enough dispersed 

and homogeneous mixture. 

The precipitate from the separator 12 and other waste through the 

injection well 13 in the form of flow II is pumped into the lower part 

of the spent excavation (production) interval (to prevent a 

breakthrough into the production area). 

One of the parameters that is proposed to take into account when 

choosing the diameter of the formed excavation is its mechanical 

resistance to fracture. The best option will be when in the interval of 

the working area the vault will be stable. But at some distance, the 

production will gradually deform, while pushing pulp and gas cap 

enriched with bitumen to the working zone. 

The pressure in excavation (production) 1 will be insignificant 

and will exceed the hydrostatic only by the amount necessary for the 

organization of the gas-lift of the hydraulic mixture. Therefore, the 

pulp breakthrough to the surface is excluded. Therefore, there will be 

no limitations on the characteristics of the rock in the productive 

layer roof.  

Based on the processes that will take place in the production, the 

bitumen extraction coefficient of this technology can compete with 

the coefficient for the career mode. The method will allow for easy 

extraction of bitumen (highly viscous oil) at the site at any depth, 

starting from the minimum. 
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The profitability of in-situ oil sands development technologies is 

primarily determined by the bitumen extraction coefficient and 

specific energy consumption. With the recent fall in oil prices, the 

development of oil sands has faced difficulties. However, with the 

recent fall in oil prices, the development of oil sands has faced 

difficulties. In this regard, the presented technology has a number of 

advantages. It will be the most energy efficient because it does not 

provide a period of long pre-heating of the rock. In addition, thermal 

energy is introduced directly into the zone of the rock destruction. As 

a result, energy losses to the surrounding rock will be minimal. It is 

assumed that the bitumen extraction coefficient is at the level of the 

quarry method. 
 

4. Conclusions 

1. A method of extracting bitumen from weakly cemented 

reservoirs is proposed and scientifically substantiated, which 

includes: formation of artificial excavation (production); the transfer 

of the rock into the composition of the water mixture under the 

action of high pressure jets of a heated mixture of water, a 

hydrocarbon solvent and a flotation agent; separation from the rock 

and concentration of bitumen in production as a result of its heating, 

dissolution and flotation; selection of the depleted by the rock of 

suspension from excavation (production) due the gas-lift method. 

2. The proposed method allows the extraction of bitumen from 

weakly cemented reservoirs at the place of occurrence for a depth 

interval of 75-400 m. 

3. The proposed method does not require preliminary drainage of 

the site, and therefore shortens the start of production. 

4. The pressure in the production will be around to the hydrostatic 

one, so the pulp breakthrough to the surface is excluded. There will 

also be no limitations on the characteristics of the rock in the roof of 

the productive formation. 

5. The duration of preparatory operations will be insignificant. 

The selection of products will begin almost immediately after the 

inflow of the working fluid on the hydraulic monitors. 
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