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The high geological knowledge of the south of the Perm Krai makes it possible to collect a large amount of data to determine the
oil and gas potential of the structures. The main criteria in the distribution of oil and gas content are the processes of
hydrocarbon generation, accumulation, as well as the safety of hydrocarbon deposits from physical and chemical destruction.
Data on geochemical studies of the oil and gas source suite (Upper Devonian Semiluk deposits) were used as criteria for the
generation of hydrocarbons to assess the generation potential of the deposits. Based on the conducted seismic surveys, local
structures were identified in the Visean complex of deposits. The surfaces of the regional, zonal and local components were
calculated, the average values of the structural parameters were obtained to assess the influence of the accumulation criteria.
Hydrogeological parameters were used as criteria for the safety of hydrocarbon deposits.

To predict the oil and gas potential of the structures, multilevel probabilistic models were used. At the first level, individual
statistical models were calculated for each of the parameters used, as well as complex probabilistic parameters separately for
each group of criteria. At the second level, complex models were calculated taking into account all available information on the
generation, accumulation and preservation of hydrocarbon deposits for the entire study area. A regression analysis was carried
out with a stepwise increase in the sample of initial data. This analysis made it possible to evaluate the influence of each
individual group of criteria on the saturation of hydrocarbon structures. At the third level, the calculated models were
differentiated by individual large tectonic elements that are part of the study area. The constructed models of the 3rd level
proved that in the territory of the south of the Perm Krai, the forecast of the oil and gas potential of local structures should be
carried out separately for tectonic elements. Based on the results of the oil and gas potential forecast, 15 structures potentially
saturated with hydrocarbons and 80 potentially empty structures were identified.

Bsicokasi reosiorudeckas U3y4eHHOCTb TEPPUTOPHH iora IlepMcKOro Kpas IHO3BOJIIET coGpaTh GOJIBIIOM MacCHB AAHHBIX AJISA
omnpejeJieHNs MOTeHLHaga HepTerasoHOCHOCTH CTPYKTYp. OCHOBHBIMHM KPHTEPHAMH B pacrpefesieHHH HedTerazoHOCHOCTH
CTPYKTYP SBJIAIOTCS MPOLIECCHl FeHepalyyl YIJIeBOJOPOOB, aKKyMyJIALMH, a TaKKe COXPAHHOCTU 3ajieXxeil YIIeBOAOPOJOB OT
(UBMKO-XMMUYECKOTO paspylleHKs. B KayecTBe KpUTepHUeB TeHepalyy YIJIeBOAOPOJOB JUIs OLEHKH TeHepalloOHHOrO
NOTEHIMala OTJIOKEHUI HCIOJIb30BaHbl CBEJEHUs O TeOXUMUYECKHX HCCJIeJOBAHHUAX HepTerazoMaTepuHCKON CBHUTH
(ceMMITyKCKMEe OTJIOXEHHs BEPXHEro [eBoHa). Ha OCHOBaHMM INPOBEJEHHBIX CENICMOpa3Be[OYHbIX PaboT, B BHU3EIICKOM
KOMILJIEKCE OTJIOXKEHHI OBUIM BbIJeJIEHbl JIOKAJIbHBIE CTPYKTYPBl. PacCYMTaHbl IIOBEPXHOCTH PErvOHAJIbHON, 30HAJBHON U
JIOKAJIbHOM COCTABJIAIONINX, IOJIyYeHBl CpefHHEe 3HAYeHHs CTPYKTYPHBIX IIapaMeTpOB JJis OLEHKHU BJIMAHUA KpPUTEPHEB
AKKyMyJIALHN. B KauecTBe KpUTEPHEB COXPAHHOCTH 3aJieXell YyIiIeBoA0POJOB HCII0JIb30BaHbl IMAPOre0JIOrNYecKre IapaMeTpsl.
JUis mporHosa HeTerasoHOCHOCTH CTPYKTYP HCIIOJIb30BaHBl MHOTOYPOBHEBBIE BEpPOSATHOCTHbIE Mojesid. Ha mepBoM ypoBHe
paccuuTaHbl MHAVBUAYaJIbHBIE CTaTHCTUYECKUE MOJENN M0 KaXHAOMY M3 HCIOJIb3yeMbIX [apaMeTpOoB, a TaKke KOMILIEKCHBIE
BEpOSITHOCTHBIE NTapaMeTPhl OTAEJIBHO 10 KaX0il rpymnie KpureprueB. Ha BTOPOM YpOBHE pPacCYMTaHbI KOMIUIEKCHbIE MOJEJIH C
y4eToM Bceil MMelomieiicss MHGOPMALMU O TeHepalyy, aKKyMyJSIUA M COXPAHHOCTH 3aJieXeill yrJIeBOJOPOMOB AJIs BCEM
TEpPUTOPUM HcciieoBaHus. [IpoBeileH PerpecCHOHHBI aHaJM3 C IOLIArOBBIM YBeJMYEHHEM BBIOOPKM HCXOAHBIX JAHHBIX.
JIaHHBII aHAJIM3 O3BOJINJI OLEHUTH BJIMSHHE KaXXOi OTAEIbHOI IPYINbl KPUTEPUEB HA HACHILIEHUE CTPYKTYP YIJIeBOJOPOIOB.
Ha TpeTbeM ypoBHe paccuMTaHHble MoOfesu GblIN AuddepeHIPOBaHbl 10 OTeJIbHBIM KPYIHBIM TEKTOHUYECKHM 3JIeMeHTaM,
BXOZAIIMM B COCTaB OGJIaCTH HcCiaeAoBaHUsA. [TOCTPOEHHBIE MOJENN TPEThero YpOBHs JOKas3asiy, 4YTO HAa TEPPUTOPUH Iora
TlepMcKOro Kpas HPOrHO3 HedTera3oHOCHOCTH JIOKAJbHBIX CTPYKTYD CJiefyeT NPOBOAUTH OTHEJIbHO [0 TEKTOHHYECKUM
aseMeHTaM. IIo0 WTOraM MPOBEAEHHOrO MPOrHO3a He(dTErasoHOCHOCTH BBISBIEHO 15 MOTEHUMAIBHO HACHILIEHHBIX
YIJIEBOJOPOAAMH CTPYKTYP U 80 MOTEHLUAJIBHO MYCThIX CTPYKTYP.
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Introduction

In the conditions of increasing complexity of oil and
gas prospecting, it is necessary to carry out research to
identify previously undrilled structures and forecast their
oil and gas content. The territory of the southern part of
Perm Krai is characterized by high exploration, which
allows collecting a large amount of data to identify
structures and determine their oil and gas bearing
potential [1].

The main oil and gas bearing complex (OGC) of the
Volga-Ural oil and gas province is the Lower-Middle
Visean OGC, which is characterized by the largest amount
of explored hydrocarbon reserves.

The purpose of this work is to identify and predict the
oil and gas content of local structures of the Visean
sedimentary complex in the southern part of Perm Krai by
means of multilevel probabilistic modeling.

Identification of Local Structures

The Lower-Middle Visean OGC includes the reflecting
horizon (RH) IIK, which is confined to the roof of the Tula
terrigenous sediments [2, 3]. Data on all 2D and 3D
seismic surveys conducted in the study area were collected
for the RH IIK and a single surface was constructed.
The surfaces of regional, zonal, and local components
characterized by the presence of structures of the 1st, 2nd,
and 3rd order, respectively, were calculated for this OG
[2, 4-7]. The most interesting is the local component of
RH IIK, on the surface of which the last closed isohypses of
anticlinal structures of the 3rd order were identified. The
individual obtained structures are divided into three
classes: empty (proved absence of oil and gas content),
saturated (commercial oil inflow was obtained) and
predicted (not previously identified).

Criteria of Hydrocarbon Generation in Predicting
the Oil and Gas Content of Structures

The main criteria for predicting the oil and gas content of
structures are the processes of generation, accumulation, and
preservation of hydrocarbon (HC) deposits [8-12]. First of all,
the generation potential of the territory and its influence on
the oil and gas content of local structures of Visean sediments
were analyzed [13-17]. Geochemical parameters of the oil
and gas mother formation (Semiluk deposits of the Upper
Devonian) were used as generation criteria: organic carbon
content (C_org); chloroform bitumoid content; reflectivity of
vitrinite and thickness of Semiluk deposits of the Upper
Devonian. Average values of geochemical parameters were
collected for each selected structure.

Individual statistical models were constructed for all
geochemical parameters, reflecting the influence of an
individual parameter on the probability of the presence of
a deposit [18-25]. Fig. 1 shows the individual statistical
model on the example of parameter C org: we can see how
the probability of deposit presence AC org) changes
depending on the value of parameter C org. When C org
increases above 5 %, P(Corg) increases above 0.5
fractions of units. The values of P(C org) range from 0.25
to 0.75 fractions of units.

Based on individual statistical models on generation
criteria, the complex saturation probability of HC
structures (Pg), which is a level 1 model, is obtained. The
formula for calculating Pg (1):

p - R-B-P,
© RBR+(1-R)-(1-B)-(1-R)
clas = 60.5 %,
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Fig. 1. Individual statistical model of the parameter C org

where clas - correct classification rate, P, P,, P, — values
of saturation probability by individual statistical models.
The correctness of determinations on the complex
probability of saturation of hydrocarbon structures on the
basis of generation criteria is 60.5 %. It was revealed that all
used geochemical parameters significantly affect the
saturation of local structures of Visean sediments. It is also
noted that the generation criteria are not sufficient for the
most reliable prediction of oil and gas content of structures.

Criteria of Hydrocarbon Accumulation in Predicting
the Oil and Gas Content of Structures

In addition to generation criteria, accumulation criteria,
reflecting the presence of a structural trap for HC
accumulation, influence the saturation of structures with HC.
Structural parameters were used as criteria of HC
accumulation: area; amplitude (Ampl); distance to tectonic
discontinuities; structure intensity and the highest absolute
mark of the structure. The parameters of surface curvature
and surface inclination azimuth were also calculated from the
local component of the RH IIK [26, 27]. The calculated mean
values of the parameters for each structure allowed the
construction of individual statistical models. The analysis of
the obtained models showed that the amplitude parameter
has the greatest influence on the presence of HC deposits. The
values of P(Ampl) vary from 0.21 to 0.96 fractions of units.
The average value of P(Ampl) for empty structures is 0.39,
and for saturated structures - 0.61 fractions of units.

The obtained individual statistical models for each
parameter allowed us to construct a comprehensive level 1
model of the accumulation criteria (2,,). Formula for
calculation 2, (2):

A-5-F

b= 2 B P+ (1-8) (1-2) (1-7,)
clas =72.5 %.

(2

The share of correct classification according to the
complex model is 72.5 %, which is higher than in
calculating the model according to the generation criteria
and indicates a greater contribution to the saturation of
HC structures by the accumulation criteria.

Criteria of HC Deposit Preservation when Forecasting
the Oil and Gas Content of Structures

In addition to the data on generation and accumulation,
hydrogeological parameters determined in the study area
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were used to show the preservation of HC deposits from
chemical and physicochemical destruction: mineralization of
waters of the terrigenous part of the Visei (Min(VD);
mineralization of waters of the carbonate part of the Visei
sediments; average chlor-bromine content in waters of the
carbonate Visei; average sulfur content in waters of the
carbonate Visei; average sodium-chlorine content in waters of
the terrigenous and carbonate Visei [28].

Average values of hydrogeological parameters for each
structure were calculated. The analysis of individual
statistical models has shown that there is a relationship
between the parameters and the presence of hydrocarbon
deposits. Among the hydrogeological parameters, the
dependence of the probability of saturation of structures on
the water salinity of terrigenous sediments of Visei is
inverse. Other dependences on hydrogeological parameters
are linearly expressed and represent a direct relationship
between the saturation probability and the parameter used.

On the basis of individual statistical models on
accumulation criteria the complex probability of saturation
of structures of HC (Ps), which is a model of the 1st level,
is obtained. Formula for calculation P2, (3):

P-P.-P
P= 1 2 n
©RB B +(1-B)(1-8)(1-2)
clas = 59.6 %.

3

The percentage of correctness of the complex
saturation probability determinations according to the
conservation criteria was the lowest among the criteria
used in the study, which indicates a smaller influence on
the saturation of HC structures, in contrast to the
generation and accumulation criteria.

Comprehensive Forecast of Oil and Gas Content
of Visean Sediments in the Southern Part of Perm Krai

The construction of level 1 models makes it possible to
qualitatively move to level 2 models, which include
studies on the entire set of criteria for the total area of
research. Level 2 models were built on the basis of a
complex formula for -calculating the probability of
saturation of local hydrocarbon structures.

Calculated Level 1 Linear Models (P, P,, u P) were
combined to obtain the model Pk by the equation (4):

P -P -Ps
g am

PP, P+(1-B)(1-£,)(1-B) @
clas =78.6 %.

P,

Regression analysis was performed on the obtained
complex values of Pk to determine the influence of individual
criteria on the probability of saturation of structures.

When building regression models, the approach of
ranking the initial data from maximum to minimum values
of Pk was used. The first model included the initial data
for the first three ranked structures. At each subsequent
step, one row of initial data is added, and the model is
recalculated and analyzed. The addition of initial data
rows occurs until the full study sample is accumulated.
In each model, the coefficients of the individual criteria
are calculated using the least squares method [29-44].
Figure 2 shows the coefficients of the individual criteria of
the regression complex model (C). The figure shows that
for saturated HC structures (Pk > 0.5 fractions of units),
the main role in saturation is played by the accumulation
criteria. It is also observed that in predicting empty
structures, the generation criteria make a greater
contribution relative to the other criteria, in the range
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Fig. 2. Coefficients of individual criteria of regression
complex models of level 2
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Fig. 3. Coefficients of individual criteria of Level 3 regression
complex models for the Babkinskaya saddle (a) and Perm arch (5)

of P, from 0.12 to 0.44 fractions of units, the values of P,
coefficients are higher than 2,, At the same time, the values
of P, and P,, coefficients do not diverge much from each
other in this range. The criteria of deposit preservation over
the whole range of probability P, have the least influence in
saturation of HC structures. A total of 708 models were
calculated at level 2. The calculated correlation coefficient
of regression models shows that empty structures are
predicted better than saturated HC. The calculated Level 2
regression models poorly differentiate the contribution of
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individual criteria to saturation of HC structures at different
probability levels.

Level 2 models are calculated according to a set of
criteria for the entire study area, but for more accurate
forecasting it was decided to disaggregate the study area
and build Level 3 models for each major tectonic element
separately. The study area includes tectonic elements of
the 1st order: Bashkirian arch (BA), Bymsko-Kungur
monocline (BKM), Permian arch (PA), Verkhnekamsk
depression (VKD) and Babkinskaya saddle (BaS).

For each large tectonic element, a complex
probabilistic model was calculated according to formula
(4), regression analysis was carried out with the gradual
addition of initial data when ranking information by the P,
parameter, similar to the method of obtaining models
at the 2nd level. The result of the construction of
729 regression models was the obtaining of coefficients of
individual criteria of regression models for each tectonic
element. Fig. 3 shows the coefficients of individual criteria
of regression complex models of the 3rd level for the
Bashkir and Permian arches.

Due to the large geological study of the Bashkirian
arch, in which 365 out of 711 structures considered in the
study are identified, the values of coefficients of individual
criteria of the Bashkirian arch strongly influence the
values of coefficients of regression complex models
obtained at the 2nd level for the whole study area..

The criterion coefficients of the regression models
constructed for the structures of the Babkinskaya saddle (the
number of localized structures (/) is 54) are shown in Fig. 3,
a. It is noticeable that the differentiation of the values of the
coefficients of individual criteria differs from the coefficients
obtained at the 2nd level. Accumulation criteria have the
main influence on the saturation of the Babkinskaya saddle
structures, while the generation criteria are inferior in
importance to the conservation and accumulation criteria
throughout the saturation probability. The significance of the
influence of the preservation criteria is confirmed by the
increased values of chlorine-bromine content (Cl_Br(Vk))
relative to the rest of the study area. The increased Cl Br(Vk)
content indirectly indicates the oil and gas content of the
territory, which is due to the organic genesis of bromine in
the waters of the visei associated with oil and gas formation.

From Fig. 3, b, it is noticeable that for the Permian
arch (NV=50) in the range of P, from 0.05 to 0.75 fractions
of units, the values of regression coefficients of the
accumulation criterion have the greatest influence on the
saturation of HC structures. Conservation criteria have a
greater influence than generation criteria in the range of
empty structures, which is associated with the increased
water salinity in the Permian arch relative to other major
tectonic elements involved in the study. High values of
water mineralization indicate unfavorable conditions for
preservation of deposits from physicochemical destruction.
At Pyvalues equal to 0.75 fractions of units the influence
of preservation criteria sharply decreases relative to
generation criteria and is negative up to P,values equal to
0.8 fractions of units. For structures saturated with HC
(P, range from 0.8 to 1.0 fractions of units), only
accumulation criteria influence saturation.
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of preservation over the whole probability range are
inferior in the significance of the contribution. For the
Bymsko-Kungur monocline it was noted that in the range
of P, > 0.7 the accumulation criteria make a smaller
contribution to saturation of HC structures than the
generation and preservation criteria. In the rest of the
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account a set of criteria for the entire study area. The
regression analysis showed that the accumulation criteria
have the greatest influence on the saturation of
hydrocarbon structures. For each large tectonic element
the models of the 3rd level were obtained and analyzed by
regression method, which proved that it is most effective
to forecast oil and gas content of local structures
separately by tectonic elements taking into account the
data on accumulation, generation and preservation of HC
deposits. The result of all the studies was the identification
of 15 potentially HC saturated structures that have not
been previously drilled. This study will allow further more
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