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Table 1. Gas composition of Urengoy reservoirs G0 … G8

Combined 
reservoir Reservoir Depth, m 

C1 (mol.%) C2 (mol.%) C3 (mol.%) C4 (mol.%) C5+ (mol.%) 

�alcu-
lation 

Actual 
data 

�alcu-
lation 

Actual 
data 

�alcu-
lation 

Actual 
data 

�alcu-
lation 

�alcu-
lation 

�alcul
ation 

�alcu-
lation 

G0 PK 21 1800 83,30 93,76 8,52 3,5 3,50 0,18 1,44 0,28 2,25 1,34 
G1 AU 9-10 2100 82,64 - 8,54 - 3,56 - 1,49 - 2,79 - 
G2 BU 1-2 2300 82,22 89 8,55 5,15 3,59 2,33 1,51 1,08 3,16 1,44 
G3 BU 5-6 2450 81,84 88,24 8,56 5,53 3,61 2,56 1,53 1,08 3,49 2,2 

G4 
BU 8

0,  
BU 8,  
BU 9 2620 81,49 87,26 8,56 5,30 3,64 2,23 1,55 0,95  3,80 3,48 

G5 
BU 10,  
BU 10

0, 
BU 11 2750 81,37 86,24 8,57 5,32 3,64 2,58 1,55 1,15 3,90 3,87 

G6 BU 12 2850 81,24 86,2 8,57 5,74 3,65 2,33 1,56 0,99 4,02 2,81 

G7 
BU 13,  
BU 14 3000 80,97 81,61 8,57 6,86 3,66 3,19 1,57 1,33 4,26 6,19 

G8 
Ach 3-4, 
Ach 5 3650 78,35 78,35 8,60 8,60 3,80 3,80 1,68 1,68 6,66 6,66 

Fig. 1. The density (under standard conditions) of oil and gas condensate for deposits located at different depths. Red symbols – 
oil, blue – condensate; triangles – actual data (averaged), circles – calculated results.
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components, almost the same amount of methane is 
added (about 40-60 % for 2300-2850 m), which proves 
the correctness of the initial assumption. The obtained 
additional methane volumes were averaged over all 
components, then the result was replaced by a linear 
correlation in the depth range of 2300-2850 m and by 
the average value at 3000 m (when averaging, the C2, C3, 
c4 components were weighted by one, C1 was weighted 
by three). The results of calculations are presented in 
Fig. 2b. The added methane volume averaged this way 
is 43-58 % in the interval 2300-2850 m and 10 % at 
the depth of 3000 m. The added volumes decrease with 
depth (Fig. 2b).

The calculated additional volumes of methane 
correlate with the oil density variation with depth in 
the oil rims. The added to the system methane dissolves 
light fractions of oil (reservoirs G4-G7), so the oil density 
increases. At a depth of 3000 m, the amount of added 
methane is small (Fig. 2b), so the difference between the 

calculated and actual oil density is small (Fig. 1). At a 
depth of 2620-2850 m, the more methane was delivered 
additionally, accordingly the oil density difference 
increases. The relationship between the loss of light 
oil fractions and increase in oil density is illustrated 
in Fig. 3. As a result, the boiling point of the BU14 oil 
(belongs to the G7 reservoir group) is 70°C, its density 
is 0.8370 g/cm3. The BU11 oil (G5 reservoir group) has 
no light fractions (its boiling begins at a temperature of 
138°C) and, respectfully, the oil density increases up to 
0.858 g/cm3. Fig. 4 shows the calculated content of C1-
c4 components in gas accumulations at different depths, 
accounting for the additional methane. 

When calculating the C5+ components in gas, it was 
assumed that the additional methane first lowers the C5+ 
content in the mixture. Further, if there is an oil rim in the 
reservoir, the C5+ oil components from the rim dissolve 
in the methane arrived and, as a result, in the oil-rim 
reservoirs (G4-G7 reservoir, depth 2620-3000 m), the C5+ 



Transformation of deep fluid flow…                                                                                                                                                         O.Yu. Batalin, N.G. Vafina

GEORESOURCES   www.geors.ru28

Fig. 3. Oil distillation curves for BU14 (belongs to G7 ) and BU11 (belongs to G5 )
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Fig. 2. The calculated volumes of additional methane came into the system from an external source. The calculations are based 
on the content of C1, ... C4 in the gas reservoirs (a). Average values and smooth lines (b).
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fraction in gas remains unchanged – the same as before 
the additional methane delivery. At shallow section, the 
c5+ fraction in the gas decreases since there are no oil 
rims here. The calculated C5+ content is shown in Fig. 5.

From Fig. 4 and 5 it can be concluded that the 
calculation results closely corresponds to the actual data 
in the interval 2300-3000 m.

In the work (Littke et al., 1999) it was assumed that 
methane-saturated waters came to the north Western 
Siberia from the Middle Ob region. However, based 
on geological and geochemical data such assumption 
was disputed (Murris, 2001). The existence of upward 
hydrocarbon flow over a long period of time gives 
reason to predicate that formation waters were methane 
saturated before the Neogene uplift due to good methane 
solubility in water. 

At a depth of 1800 m, the C2, C3, and C4 share is 
much lower than the calculated value (Fig. 4). Here, a 
small volume of C2+ components is associated with the 

intensive microbial hydrocarbon conversion to methane, 
typical for the Western Siberia fields at a depth down 
to 1800 m (Milkov, 2010), which ultimately leads to 
the formation of almost pure methane fields in the 
Cenomanian rocks. 

conclusion
The main mechanism of the hydrocarbon upflow 

transformation is related to the phase transformations. 
Besides that, other factors also should be taken into 
account. It was shown that methane, escaped from 
water, was added the Neocomian accumulations: 
in the depth interval of 2300-2850 m – in a volume 
about 50 mol %, in the interval of 3000 – 10 mol %. 
Methane washes out the light oil fractions (in reservoirs 
with an oil rim), by that increasing oil density. The 
bacterial transformation of hydrocarbons leads to the 
formation of almost pure methane accumulations in 
the cenomanian. 
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Fig. 4. Content of C1, ... C4 in the gas reservoirs at different depths. Symbols – actual data: C1 (a), C2 (b), C3 (c), C4 (d). The 
curves are the results of calculation.
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Fig. 5. The content of C5+ in reservoirs at different depths. Circles are actual data, curve is the calculated results.
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It was shown that considering the additional factors, 
such as methane escape from water during the Neogene 
uplift, microbial conversion of hydrocarbons at a depth 
of less than 1800 m provides a good fit of the calculated 
physical-chemical properties of reservoir fluids and 
actual data through the entire sedimentary section.

Acknowledgements / Funding
The authors are sincerely grateful to A.N. Dmitrievsky 

for his support and assistance in writing the work. The 
authors are grateful to the reviewer A.I. Obzhirov for 
valuable critical comments, which have been very helpful 
in improving the manuscript.

The article is written in the framework of the State 
Contract No. AAAA-A19-119013190038-2.  

References
Batalin O.Yu., Vafina N.G. (2008). Kondensatsionnaya model’ 

obrazovaniya zalezhey nefti i gaza [Condensation model of oil and gas field 
formation]. Moscow: Nauka, 248 p. (In Russ.)

Batalin O., Vafina N. (2017). Condensation Mechanism of Hydrocarbon 
Field Formation. Scientific Reports, 7: 10253. https://doi.org/10.1038/
s41598-017-10585-7

Gricenko A.I., Ostrovskaya T.D.,Yushkin V.V. (1983). Uglevodorodnye 
Kondensaty Mestorozhdeniy Prirodnogo Gaza [Hydrocarbon Condensates 
of Natural Gas Fields]. Moscow: Nedra, 263 p. (In Russ.)  

Dmitrievskii A.N. (2008). Polygenesis of oil and gas. Doklady Earth 
Sciences, 419(2), pp. 373-377. https://doi.org/10.1134/S1028334X08030033

Dmitrievsky A.N, Valyaev B.M. (2008). Hydrocarbon branch of 
degassing in studies on the problem of “Degassing the Earth”. Degasaciya 
Zemli: Geodinamica, Geofluidy, Neft, Gas i ih Paragenesy [Degassing of 
the Earth: Geodynamics, geofluids, oil, gas and their parageneses]. Moscow: 
GEOS, pp. 3-6 (In Russ.)

Fjellanger E., Kontorovich A.E., Barboza S.A. et al. (2010). Charging 
the giant gas fields of the NW Siberia basin. Petroleum Geology: From 
Mature Basins to New Frontiers-Proceedings of the 7th Petroleum Geology 
Conference, London, 7, pp. 659-668. https://doi.org/10.1144/0070659

Littke R., Cramer B., Gerling P. et al. (1999). Gas Generation and 
Accumulation in the West Siberian Basin. AAPG Bulletin, 83, pp. 1642-
1665. https://doi.org/10.1306/E4FD4233-1732-11D7-8645000102C1865D

Liu Z., Moldowan J.M., Nemchenko-Rovenskaya A., Peters K.E. (2016). 
Oil families and mixed oil of the North-Central West Siberian basin, Russia. 
AAPG Bulletin, 100(3), pp. 319-343. https://doi.org/10.1306/12111514199

Milkov A.V. (2010). Methanogenic biodegradation of petroleum in 
the West Siberian Basin (Russia): Significance for formation of giant 
Cenomanian gas pools. AAPG Bulletin, 94, pp. 1485-1541. https://doi.
org/10.1306/01051009122

Murris R.J. (2001) Gas generation and accumulation in the West 
Siberian Basin: Discussion. AAPG Bulletin, 85, pp. 1891-1892. https://doi.
org/10.1306/8626D09F-173B-11D7-8645000102C1865D

Nemchenko N.N., Rovenskaya A.S., Shoell M. (1999). Origin of natural 
gases of giant gas pools on the north of West Siberia, Geologiya nefti i gaza = 
Geology of oil and gas, 1-2, pp. 45-56 (In Russ.)

Prasolov E.M. (1990). Izotopnaya geokhimiya i proiskhozhdeniye 
prirodnykh gazov [Isotope geochemistry and the origin of natural gases]. 
Leningrad: Nedra, 283 p. (In Russ.)

Punanova S.A., Shuster V.L. (2018). A new approach to the prospects of 
the oil and gas bearing of deep-seated Jurassic deposits  in the Western Siberia. 
Georesursy = Georesoures, 20(2), pp.67-80. DOI: https://doi.org/10.18599/
grs.2018.2.67-80

Sirotenko O.I, Titova G.I (2002). A model of migration-accumulation 
processes in the Bazhenov suite, discovered by the Tyumen superdeep 
borehole (SG-6). Geologiya, geofizika i razrabotka neftyanykh i gazovykh 
mestorozhdenii = Geology, geophysics and development of oil and gas fields, 
2, pp. 23-26 (In Russ.)

About the Authors
Oleg Yu. Batalin – PhD (Physics and Mathematics), 

Leading Researcher, Laboratory of deep hydrocarbon 
sources, Oil and Gas Research Institute of the Russian 
Academy of Sciences

3 Gubkin str., Moscow, 119333, Russian Federation
E-mail: oleg_batalin@mail.ru

Nailya G. Vafina – PhD (Engineering), Leading 
Researcher, Laboratory of deep hydrocarbon sources, 
Oil and Gas Research Institute of the Russian Academy 
of Sciences

3 Gubkin str., Moscow, 119333, Russian Federation

Manuscript received 24 August 2018; 
Accepted 15 February 2019; Published 1 September 2019


