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The paper is devoted to modeling of the processes of oil and gas deposits formation of the Vuktyl thrust development area,
to which the largest in the Timan-Pechora oil and gas province is associated with the same oil and gas condensate deposit.
Oil and gas of deeply buried formations of the autochthon of the overthrust region remains poorly studied. Therefore,
application of modern methods of basin modeling is relevant for oil and gas content estimation. In order to simulate the
section, Schlumberger PetroMod software package was used. The package allows to determine the history of generation of
hydrocarbons on the geological time scale, migration paths, amount and type of oil and gas accumulations in both surface
and reservoir conditions. Using the 1D and 2D modeling of the Vuktylskaya-58 parametric well and the overthrust region
models were obtained. The models reflect the modern geological section, its evolution during the geological time. The
processes of formation of oil and gas were studied. As a result, it was shown that the parent rocks of the allochthonous
section part could not participate in the formation of the main gas-condensate deposit of the Vuktyl deposit because they
entered only the main oil formation zone. In deeply buried deposits of the autochthon starting from the Permian and
Triassic formation of the Vuktylsky gas-condensate field and possibly the deposits in poorly studied deep formations could
be caused by processes of generation of gases and gas condensates. That is proved by the discovery of a large number of
gas emergences beyond the 4-5 km in a section of the only well drilled beyond the 6 km such as Vuktylskaya-58.
Generation and accumulation of gas hydrocarbons occurred mainly after the appearance of thrust dislocations, when the
main traps were formed both at ordinary and high depths.

CTaThs MOCBSIIEHa MOJEIMPOBAHHIO IIPOIECCOB (OPMUPOBAHHSA HE(TEra30HOCHOCTH paifoHa pa3BuUTHA BYKTBUIbCKOTO
HaJIBUra, K KOTOPOMY INpHypoueHO KkpymHeiiiiee B Tumano-Iledopckoii He(Tera3oHOCHOH NPOBHHINH OJXHOMMEHHOE
HedTerasokoHeHcaTHoe MecTopoxkenue. HedrerasoHocHOCTh TIiIyOOKONOIpPY>KEHHBIX OTJIOKEHHH aBTOXTOHA pailoHa
HaJIBUra OCTAeTCs MAJlOM3YYEHHOH, II03TOMY JUIsi €€ OLEHKH aKTyaJdbHO HCIIOJNb30BAHME COBPEMEHHBIX METOJI0B
GacceiiHoBoro Mmojenuposanus. [l MozenMpoBaHMs paszpe3a ObUI MCIONB30BAH IIPOrpaMMHbIH komrieke PetroMod
komnanuu  Schlumberger, KOTOpBIH 1O3BOJAET ONpPENENUTh MCTOPHMIO TI'EHEpAalMM YIJIEBOJOPOJIOB B MaciuTabe
Te0JIOTMYECKOr0 BPEMEHH, IyTH MHIPAL[M¥, YUCIO W THIl HAKOIUICHHH He(TH M rasa Kak B MOBEPXHOCTHBIX, TaK U B
macToBeIX ycnopusx. C nomomnisio 1D- n 2D-MozenupoBanus pa3pe3oB apaMeTpHueckoil CKBaKHHBI BykTbuibckas-58
M paiioHa HaJBUTa OBUIM TONYYEHBI MOJEIM, OTPAKAIOIIME COBPEMEHHBIH I'€OJIOTMYECKHH pa3pes, ero dBOJIOLHUIO
B TCYCHHE I€OJOTNYECKOr0 BPEMEHH, @ TaKXKe H3y4eHbI IIPOLecChl pOpMUPOBaHHs He(Tera3soHOCHOCTH. B urore nokasaHo,
YTO MAaTePUHCKHE IOPOAbI AIOXTOHHOW 4YacTH paspe3a HE MOIIM Yd4acTBOBaTh B (DOPMHUPOBAHMH OCHOBHOI
ra30KOHJCHCATHOM 3alekM ByKTBUIBCKOrO MECTOPOXKICHMS, TaK KaK BCTYNald TONBKO B INIABHYIO 30HY
HedreoOpa3oBaHus. B TIiIyOOKONMOTPY:KEHHBIX OTJIOXCHMSX aBTOXTOHA HA4YMHAs C IIEPMCKO-TPHACOBOTO BPEMEHH
MPOUCXOAMIN IIPOLECChl T'€HEPALUU Ta30B U Ta30KOHICHCATOB, KOTOPbIE MOINIH 0OecreduTb (HOPMHPOBAHUE 3ATICHKH
BYKTBUIBCKOTO Ta30KOHJIEHCATHOIO MECTOPOXIEHHMS, a TaKXkKe, BEPOATHO, M 3allekell B MaJOU3Yy4YEHHBIX IITyOOKHX
TOPU30HTAaX, 4YTO IOATBEPXKIAECTCS OOHApykKEHHEM OOJIBLIOro YHMCIa Ta3oNpOSBICHUHA HIke 4-5 KM B paspese
€/IMHCTBECHHOIl CKBaXXMHBI, NPOOYPEHHON HIKe 6 KM — ByKTbUIbCKOil-58. T'eHepamus M akKyMyJsiius ra3o00pa3HbIX
YIJIEBOZOPOIOB MPOUCXOAMIN B OCHOBHOM IOCIIE NPOSIBJICHHS HAJBUIOBBIX JIMCIOKAIMH, Koraa ObIM cHOPMHPOBAHBI
OCHOBHBbIE JIOBYIIIKH KaK Ha OOBIYHBIX, TAaK M Ha OOJIBIIMX ITyOUHAX.
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Introduction

Vuktylskoe oil and gas condensate field is the
largest in Timan-Pechora province and was
discovered in 1964. Since that moment, the
geological structure has been studied and specified.
The field is located in the northern part of the Upper
Pechora depression of the Predural edge trough and
is confined to the complex swell-like asymmetric
fold of a submeridional strike of more than 80 km in
length, at least 4 km wide and vertical amplitude of
1500-1800 m. The structure has a gently sloping
eastern and steep western wings, disturbed by an
oblique-slip fault with 1 km vertical and 2.8 km
horizontal amplitude (Fig. 1). Paraautochthonous
blocks of the cross-section are distinguished with
different confidence level. Commercial oil and
gas are revealed in the allochthonous part of the
section. A unique gas-condensate fied is found
predominantly in carbonate Carboniferous-Lower
Permian deposits. The main field is considered to be
massive, tectonically shielded and has a single gas-
water contact [1].
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Fig. 1. Schematic geological section
of the Vuktyl thrust along the line
of wells 225-58-224-221 [3]

Allochthon deposits of the Vuktyl overthrust
are located at the final stage of development [2].
At the same time oil and gas content of the deep
burried deposits of the autochthon remains poorly
studied. So, it is important to use the newest
methods of basin modeling to estimate the oil and
gas content below the depths studied.

Research method

Modern software programs of basin modeling
allow simultaneously studying a number of
processes from sedimentation and immersion to
kerogen maturation and multiphase fluid flow
[4-16]. Today there is a fairly large number of
basin modeling software programs. The most
effective for solving problems of oil and gas
forecast is the program PetroMod, developed by
Schlumberger. In 2016 the Faculty of Geology of
Perm State National Research University received
an academic license for the PetroMod basin
modeling system. PetroMod software package
includes advanced 1, 2 and 3D technologies with
technical characteristics that are currently unique
in oil and gas geology and allow to determine the
history of generation of hydrocarbons on the
geological time scale, migration paths, number and
type of oil and gas accumulations both in surface
and reservoir conditions [17, 18].

The PetroMod 1D module serves as a tool for
analyzing the results of well drilling and survey as
well as calibrating 2D and 3D models. It can be
used as an independent program or in combination
with 2D and 3D software modules. Results of
calculations are presented in the form of numerous
graphs of the properties change depending on
depth, geological time and history of immersion.
The program allows displaying both the source and
calculated data.

It is known that most of the basin modeling
programs are applicable to work only with objects
of relatively simple geometry and is not intended
for regions of complex tectonic structure. PetroMod
ID allows to evaluate temperature and maturity
even in complex thrust structures with the
integration of several sections, restore the history of
each geological section formation and combine
them into the appropriate geochronological
sequence. That also allows visualizing the complex
history of the system's formation in accordance with
depth, time and immersion of blocks [4-6, 17, 18].

The PetroMod 2D module is mainly used in
areas with a limited amount of data, which is
sufficient only for building a geological section. In
practice that module can be used in structurally
complex areas for rapid calculation of results and
better understanding of a regional geological
structure. The 2D module is also used in areas with
a large amount of data for rapid analysis and
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forecast of pressures, full calculation of tempera-
tures and pressures or a primary analysis of
hydrocarbon accumulations. The results of
calculations are presented in form of a series of 2D
models of changing properties along the section at
various intervals of geological time [17, 18].

The 1D-models of a number of wells, drilled
into the autochthon, were calculated using the
PetroMod software complex. The 2D-models of the
Vuktyl thrust are built. Modeling was carried out
based on an extensive database of geological,
geophysical and geochemical research results [19—
26]. Calibration of simulation results was carried
out according to actual measurements of modern
temperatures and reflectivity of vitrinite (RV).

Results and discussion

The section of the Vuktyl thrust is represented by
deposits of the Paleocene from the Ordovician to
Permian system and Triassic one as well.
It is believed that reservoirs are represented
predominantly by carbonate Carboniferous-Lower
Permian deposits and formations of the Famennian
stage of Devonian system. The main cap rocks are
clayish and argillaceous-anhydrite Upper Martian
substage and Kungurian stages of the Permian
system, respectively. Clays of the Tula stage have
less properties of cap rocks. Fault surfaces may
serve as a screen, but according to some
information, tectonic faults that limit the fault can
be partially permeable [27]. The models are
designed taking into account the identification of at
least two bodies of covers.

The module PetroMod 1D allowed to obtain
the models of formation of the section and
development of hydrocarbon generation processes
in an area of the deepest in the region the
parametric well Vuktylskaya-58 (7026 m) [28, 29].
Since the academic license of PetroMod in the
module 1D does not support thrust simulation then
in order to increase the objectivity of modeling
thrust part of the section drilled by the parametric

well Vuktylskaya-58 cover bodies were generally
considered as a thick undivided Upper Permian-
Triassic sequence. Characterization of the section
and modeling of change in the catagenesis in the
allochthon were carried out separately.

Calibration of the computed models, performed
using the modern measured values of temperature
and RV, showed a discrepancy with the actual
data, which did not exceed 3-5 %.

The complex model of immersion, heating, and
oil and gas generation of the Vuktylskaya well-58
(Fig. 2) reflects two main stages of immersion such
as Ordovician-Early Permian and Middle Late
Permian. Middle Late Permian is associated with
development of the Ural fold belt and formation of
the thrust. The dimension of the catagenetic scale
considered for construction and interpretation of an
oil and gas generation model is given in the Table 1.
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Fig. 2. Integrated model of immersion,
heating and oil and gas generation according
to the parametric well Vuktylskaya-58
Table 1

Considered dimension of the catagenetic scale [30] and its comparison with optical vitrinite indexes

Substage of catagenesis |Gradation of catagenesis RV, % Degree of maturity of the organic matter of rocks
Proto-catagenesis PK,—PK3; 0.00-0.55 Stage of the immature organic matter of rocks
Meso-catagenesis MK, 0.55-0.70 The main zone Initial stage of the "oil window"

MK, 0.70-1.00 of ol generation Peak of oil generation
MK 5 1.00-1.30 Final stage of the "oil window"
MK ,— MK 5 1.30-2.00 The main zone  |Zone of wet gas
Apo-catagenesis AK—AK; 2.00-4.00 of gas generation |Zone of dry gas
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The model of oil and gas generation is
characterized by the achievement of extreme
values of catagenesis (the stage of apo-cata-
genesis) and shows that the parent strata of the
autochthon entered the main gas generation zone
(MGGZ). Deposits of Ordovician and Silur
reached the MGGZ during the near Ural epoch.
The basement of the lower Devonian reached that
during the Biarmian time. That strata came out
from the MGGZ at the turn of Perm and Triassic
periods. There is a relictic MGGZ found at the
interval 3400-5965 m starting from the upper part
of the lower set of the Devonian system and to the
surface of the thrust shifter.

There are in the autochthonous part of the
section two oil and gas parent series (OGPS)
identified such as the Lower Devonian-Eifelian at
the interval 5651-6046 m and Famennian-
Tournaisian formation at the interval 4624-5510 m
[29], that are characterized by a relatively low
generation potential and contain dispersed organic
matter. The metter is mainly composed of mixed
(IT and III) type of kerogen. Both OGPS entered
the MOGZ during the Carboniferous period. At the
same time, the parent rocks of the Tournaisian set
entered the MOGZ in the Permian period during
the apperiance of thrust dislocations and stayed
there for a rather short period, hardly reaching all
its oil potential. Lower and middle series of the
Devonian system entered the MGGZ at the same
time. Later on, at the beginning of the Triassic
period, the Famennian deposits entered the
MGGZ, and then in the middle epoch the
Tournaisian ones, when traps in the section under
study were already formed.

That can be seen from the integrated model of
immersion, heating and oil and gas generation of
allochthon (Fig. 3) that sequences from the Lower
Carboniferous to the Kungurian stage of the Permian
system reaches the "oil window". The upper
boundary of the MOGZ is located at the depth of
1,700 m. Deposits of the Carboniferous system at the
interval 2403-3220 m correspond to the peak of oil
generation. Deposits of the allochthonous part of the
section did not enter the MGGZ.

The basis of 2D models was the schematic
geological section of the Vuktyl thrust along the
line of wells 225-58-224-221 (see Fig. 1) [3]. As a
result of 2D modeling, the most interesting is the
model of zonation of catagenesis of organic matter

(changes in the present RV values) along the
Vuktyl overthrust (Fig. 4), which clearly traces the
zone of immature organic matter to the depth of
1450 m in the archpart of the allochthon anticline
and up to 1,900 m to the east. The footplate of the
MOGZ found at the depth of 3,250 m in the
overthrust arch and is submerged up to 3,600 m in
the eastern regions. The depth of the MOGZ in the
arch is 5300 m, 5850 m in the east of the thrust and
about 6100 m in the west. There is a strong apo-
catagenesis zone below. Increase in paleo
temperatures in the arch part of the oberthrust is
caused by the thermal impact of dislocations.
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Fig. 3. Integrated model of immersion, heating
and oil generation of the allochthon of the Vuktyl
overthrust according to the data of parametric
well Vuktylskaya-58. For notation see Fig. 2

5000

6000

[ PetroMod

Fig. 4. Model of zonation of catagenesis
along the section of the Vuktyl overthrust.
For notation see Fig. 2

A brief description of location of catagenesis
zones along the section of the Vuktyl overthrust is
given in Table 2.

ISSN 2224-9923. Bectnux [THUITY. I'eonorus. Hedrerazosoe u roproe neno. 2017. T.16, Ne4. C.313-320



ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2017. Vol.16, no.4. P.313-320 317

Table 2

Depth of occurrence of catagenesis zones
in the area of the Vuktyl thrust

Gradation of ODcefut?r;fC?ﬁ Geological age,
catagenesis - 2 allochthon / autochthon
min max
PK,-PK 3 1450 1950 P, 3+ T/P3+T
MK, 2100 2450 P/P, 3+ T
MK, 2850 3150 Citl—P, k/Pjar + P, 5
MK, 3250 3600 Cikz — P k/C, 53— Pk
MK, MK 3900 4400 Cikz - C,5/C
AK—AK; 5300 6100 Dyef— Cikz/S, - C;s

Appereance of the MGGZ in deep buried
sediments of the autochthon of the Vuktyl

overthrust is confirmed by results of testing the
Vuktylskaya-58 well. As a result of testing gas
productivity was revealed in the Ordovician,
Middle Devonian, Tournaisian and Visean sets of
the Carboniferous system (Table 3).

That can be seen on the model of transformation
of organic matter of OGPS (Fig. 5), that in the
Devonian and most of the Carboniferous system the
transformation coefficient reaches 80-100 %. Only
the upper part of Kizel, Aleksinsk-Venevsk
formations in the arch part of the anticline is
characterized by a lower degree of transformation
that changes in the range of 40-80 %.

Table 3
Results of tests of deep burried deposits drilled by Vuktylskaya-58 (based on data of KamNIIKIGS JSC)
Test interval, m Test method Geological age Lithology Oil and gas productivity
3
6858-7026 Tests in column (6] Dolomites Inﬂow.of mud ﬁltrate30f0.85 m’/day, gas
rate (visually) 0.5k m’/day
6345-6410 While drilling Sv Dolomites Inflow not received
6165-6254 While drilling S, Intercglatlon of limestones with |Inflow not received
dolomites and mudstones
5620-5652 . Inflow of gas with rate of 11k m’/day
5604-5611 Tests in column D,g Sandstones
. Condensate (gas?) with signs of formation
5604-5652 Tests in column Djef Sandstones water with calculated rate of 1 1k m*/day
4775-4810 . Limestones with interlayers of | 10w Of gas condensate with gas
Tests in column Cit . production rate 12 km’/day with
4780-4788 dolomites : .
5 % mix of formation water
. IR p 3
4775-4810 Tests in column Cit L1mest.ones with interlayers of |Inflow of oil rate of 8 m’/day
dolomites
. .- Limestones with interlayers of |The inflow of gas condensate with gas
4784.5-4819 While drilling Cit dolomites recalculation rate of 12 km’/day
4573-4584 While drillin C Intercalation of siltstones, The inflow of gas condensate mix with rate
4519-4548 & v sandstones and mudstones of 0.5 km®/day
km .
0 1 2 3 4 5 Conclusion
O ......................................................

B PetroMod

0 50 100
Coefficient of organic matter transformation, %
Fig. 5. Model of change of coefficient of transformation
of OGPS organic matter along the Vuktyl overthrust

Based on the results of 1 and 2D basin modeling
of the development area of the Vuktylskiy
overthrust by the PetroMod program software it can
be concluded that: 1) parent rocks of the
allochthonous section, where the main gas
condensate deposit of the Vuktylskiy field is
located, could mainly generate oil only;
2) allochthon deposits did not enter the "oil
window" until the thrust dislocations occured,
except for a basement of the Carboniferous
system, which reached the MOGZ in the
early Permian period; 3) there are mainly the
processes of generation of gases and gas
condensates took place in the autochthon that could
ensure the generation of deposits at high depths
and in the allochthon of the Vuktylskoe field.
The occurence of gas generation processes
in deep buried deposits significantly increases
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their gas content. This is also proved by
the discovery of a big number of gas occurance
of a significant scale below 4-5 km. Generation
and accumulation of gas hydrocarbons occurred

in time favorable for generation of deposits,
mainly after the appearance of thrust dislocations
when the main traps were formed in deep
burried strata.
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