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Abstract. World interest in shale oil has provoked high attention to Russian unconventional 

resources, to which, the Bazhenov Formation (Western Siberia) primarily belongs. Depletion 

drive type development of the Bazhenov Formation allows producing only 3% of geological 

reserves. One of the potential method for increasing oil recovery in the Bazhenov Formation is 

the thermal treatment, which, according to experts, allows rising oil recovery factor to 30-40%. 

Laboratory tests are needed to successfully introduce new thermal methods for development 

shale reservoirs in Russia. These tests would allow scientifically and technically substantiating 

technological parameters of in-situ pyrolysis. This work is concerned with investigation of high 

temperatures effects on reservoir properties of Bazhenov Formation rocks. Reservoir properties 

of the Bazhenov Formation were determined on crushed core by the GRI method. It is shown 

that, the open porosity and matrix permeability are increased in several times with rising 

temperature. 

1. Introduction 

Estimation of unconventional reservoirs resources indicates the significant potential of these projects 

for oil and gas development in the world. In Russia, the greatest interest among unconventional 

resources is manifested in shale oil, concentrated in the Domanic deposits of the Volga-Ural oil and 

gas province and the Bazhenov Formation of the West Siberian oil and gas province. Oil reservoirs in 

Bazhenov Formation are considered as one of the most important objects for replenishment of 

hydrocarbon resources in Russia. Estimation of the unconventional reservoir resources varies from 

600 million to 30 billion tons [1, 2]. 

However, despite high potential of Bazhenov Formation rocks, complex geological structure of the 

reservoir keeps under its resources development. Complex geological structure is due to heterogeneity 

of the strata material composition. Heterogeneity of material composition is associated with a change 

in content of clay, siliceous, carbonate and organic (up to 10-25%) matter due to sedimentation 

characteristics [3]. 

Hydrocarbons in Bazhenov Formation rocks are in liquid and solid state. Light oil, concentrated in 

macro-fractures of fissured-cavernous reservoirs, is drained through these reservoirs. Also light oil is 

in micro-fractures of porous-fractured reservoirs. These reservoirs are matrix of the Bazhenov 

Formation, according to which liquid hydrocarbons are practically not drained under reservoir 
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conditions [4-6]. Kerogen is potential hydrocarbons in a solid state. This is organic rock forming 

matter that can transform into liquid and gaseous hydrocarbons, depending on its origin, at high 

temperatures. Thus, Bazhenov Formation rocks are a source of both existing and potential oil, which 

indubitably should be taken into account during the selection of oil production technologies for them. 

Accumulated long-term field experience of oil production indicates inefficiency of the depletion 

drive type development of Bazhenov Formation deposits. The recovery factor of oil is about 3% [5, 6]. 

The water flooding type development of Bazhenov Formation deposits is also not effective, since an 

impact does not involve development of either light oil reserves in micro-fractured rocks or 

hydrocarbon potential of kerogen [7]. 

The use of multi-stage fracturing on horizontal wells became the main method of shale oil 

production in the United States. But the method for deposits of the Bazhenov Formation allow to reach 

the recovery factor of oil about 5% by additional migration of light oil from micro-fractures of matrix, 

however, the kerogen potential is also not involved in development. 

Innovative technologies of oil production are actively used in foreign countries to develop deposits 

of kerogen-bearing rocks. These technologies are based on in-situ pyrolysis of kerogen by combustion, 

or by heating with help of heat transfer medium (gas, steam, etc.). So at the moment, innovative 

technologies, developed by Exxon Mobil «ExxonMobil Electrofrac», Shell «Shell ICP», Chevron 

«Chevron in-situ process», AMSO «AMSO EGL Technology» and other, are being approbated to 

reach more than 90% of converted oil [8]. 

OAO «RITEK» has achieved greatest progress in the evolution and implementation of thermal 

treatment methods on rocks of the Bazhenov Formation. The company carries out pilot projects of 

thermal gas treatment at the Galyanovskoe and Sredne-Nazymskoe fields [7, 9-13]. The thermal gas 

treatment method is based on integration of thermal and gas methods of oil recovery (a kind of in-situ 

burning). The method is involved air and water injection into reservoir. As a result of thermal gas 

treatment on rocks of the Bazhenov Formation, it is possible to rise the oil recovery factor from 

drainable zones to 30-40% due to formation of micro and macro fracturing in reservoir under heat 

influence and additional oil and gas recovery as a result of pyrolysis and cracking of kerogen. 

The thermal method of shale formation treatment is quite «junior» in Russia and subsoil users are 

beginning to master it in oil fields. Careful laboratory tests are necessary to mass introduction of 

methods of oil-bearing rocks (the Bazhenov Formation) thermal treatment. These studies would allow 

doing an objective estimation of the efficiency of thermal impact on reservoir properties of shale, on 

depth of process penetration, and on amount and composition of hydrocarbons that formed as a result 

of pyrolysis. 

At the moment the influence of high temperatures and exposure duration of pyrolysis on amount 

and composition of hydrocarbons has investigated well [14]. However, there are practically no 

experimental data of high temperatures effect on reservoir properties of shale formation. Accordingly, 

the aim of this work was to study the influence of high temperatures on reservoir properties of 

Bazhenov Formation deposits. 

2. Experimental procedure 

2.1. Materials 

The Bazhenov Formation cored from exploratory wells of the Yuzhnoe and Yuzhno-Kinyaminskoe oil 

fields (Tyumen region) was object of study. The core samples are represented by siliceous-

argillaceous rocks with a high content of kerogen. Also core samples are characterized by a low 

thermal maturity (Tmax < 429 ºC) and low reservoir properties. 

2.2. Method and equipment 

Essence of laboratory experiments in modeling of shale formations thermal treatment was stepwise 

heating of crushed core in the muffle furnace from ambient temperature to 350 °C. At the same time, 

core samples were held in muffle furnace for 10 hours at each temperature step. It should be noted 
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that, investigated samples were cooled to ambient temperature after each stage of heating and their 

petrophysical properties such as bulk and grain density, open porosity and matrix permeability were 

determined. 

The petrophysical properties of Bazhenov Formation deposits were determined on cores with 

natural saturation the SMP-200 shale permeameter (Core Lab Instruments, USA). Before the start of 

the experiments, whole core was crushed and sieved through five- and two-millimeter cells to obtain a 

fraction of a homogeneous size. The mass of one weighed portion amounted about 30 grams. 

The bulk and grain density were determined by the gas expansion method in the sample chamber 

the SMP-200 permeameter (figure 1). 

 

a) 

 

b) 

 
Figure 1. The SMP-200 shale permeameter: a) – the appearance of the device; b) the device schematic 

diagram. 
 

The device works based on the Boyle’s law whereby calibration of the reference and dead volume 

(figure 1b) before each series of experiments and determination of the sample volume during the 

experiments are carried out with high accuracy. The experiment on determining bulk and grain density 

consisted in calculating a bulk volume of sample at the baseline (before helium penetration into pores) 

and a volume of matrix material at the end of the experiment (after sample saturation with helium) 

correspondingly for the pressure decay curve [15]. The bulk and grain density was calculated by 

dividing the mass of crushed sample with natural saturation by the bulk volume of sample and the 

volume of matrix materials, correspondingly. 

The open porosity coefficient was calculated on the basis of bulk and grain density values [15, 16]. 

The matrix permeability of Bazhenov Formation samples was determined on crushed core by the 

Gas Research Institute (GRI) method [17-21]. This method allows to significantly reduce the duration 

of permeability determination, as well as to exclude the influence of the natural fracturing of shale 

formation rocks on permeability values. The method consists in the approximation of the theoretical 

curve of experimental data on a pressure drop that occurs due to helium penetration into the 

micropores of separate particles in crushed core, as well as the subsequent calculation of matrix 

permeability values on the basis of the obtained curve parameters [16-21]. 

The insignificant pressure change during the experiments (0.1-0.5% of the absolute value) imposes 

heightened requirements to device calibration, the absence of leaks and thermal stabilization during 

the process of determining petrophysical properties [16]. 

3. Results of study 

Investigation results of the heating temperature influence on the reservoir properties of shale’s are 

presented in figure 2. 
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a) 

 

b) 

 
Figure 2. Influence of the heating temperature on the reservoir properties of samples: a) – influence 

of the heating temperature on the open porosity; b) – influence of the heating temperature on the 

matrix permeability of oil shale. 
 

It should be noted, that the bulk density value, obtained for the initial (without thermal treatment) 

sample, was used to calculate the open porosity. Bulk density of the initial core sample of the Yuzhnoe 

field was 2.057 g/cm
3
; bulk density of the initial sample of the Yuzhno-Kinyaminskoe field was 2.223 

g/cm
3
. 

By increasing the heating temperature of samples, the grain density increases. It ultimately leads to 

an upward trend in reservoir properties of investigated shales (figure 2). Therefore, the open porosity 

of the Yuzhnoe field sample significantly grows with a rise in the heating temperature above 150 °C 

and reaches a maximum value (about 24%) at the heating temperature of 350 °C. At the same time, the 

matrix permeability value is increased by eight orders of magnitude. The similar behavior is 

demonstrated by the Yuzhno-Kinyaminskoe field sample. The open porosity significantly growth 

when the sample is heated temperature above 250 °C and reaches a maximum value (about 11%) at 

the heating temperature of 350 °C. At the same time, there is not such a sharply increase in 

permeability as for the Yuzhnoe field sample. Permeability of the sample is increased by only two 

orders of magnitude. This phenomenon most probably due to the formation of different pore channels 

with sample heating. The rapid pressure stabilization for several seconds is observed for the Yuzhnoe 

field sample with heating to temperature of 350 °C. Then the slight increase in pressure occurs due to 

the adiabatic expansion of helium in the sample chamber of permeameter (figure 3). This curve 

behavior of the pressure with time corresponds to the upper limit of permeability measurement on the 

SMP-200. Thus, large pore channels for gas filtration are formed with the sample heating. 
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Figure 3. Change in the normalized pressure with time for samples, heated to a temperature of 350 °C. 

 

When the Yuzhno-Kinyaminskoe field core sample is heated to temperature of 350 °C, the pressure 

slowly decreases with time throughout the experiment. It corresponds to the lower limit of 

permeability measurement on the device (figure 3). This behavior of pressure dependence on time is 

characteristic for the sample with narrow pore channels, through which the filtration of liquid 

hydrocarbons will be difficult. 

4. Conclusion 

According to results of experimental data of the heating temperature influence on the reservoir 

properties of Bazhenov Formation samples, the following conclusions are made: 

o An increase in the temperature of oil shale thermal treatment allow to substantially rise the 

open porosity of Bazhenov Formation samples; 

o An growth in the temperature of oil shale thermal treatment leads to an increase in matrix 

permeability of Bazhenov Formation samples; 

o As a result of thermal treatment of samples with high temperature, it is possible to form both 

larger pore channels and smaller ones in comparison with the initial (without thermal 

treatment) samples. This fact should be taken into account when methods of thermal treatment 

of Bazhenov Formation rocks are projected. 
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