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A methodology for predicting the oil and gas content of local structures using probable statistical methods on the territory of the
Izhemsk stage is presented. The main oil and gas prospects in this area are associated with buried structures confined to the zone
of Domanik barrier reefs. The goal of the work was to develop a comprehensive probabilistic model for assessing geological risks
and ranking prepared structures according to the prospects of their introduction into deep drilling. The work analyzed the
morphological parameters of the structures on the roof of the Domanik horizon: amplitudes, areas, absolute elevations of the
arches, dimensions of the axes of the structures, as well as the thickness of the Domanik horizon and the distance of the
structures from the deep-sea slope. To build probabilistic models, the initial data was divided into two classes: oil-saturated and
empty structures. The information content of the selected indicators was assessed using Student's t-test. A statistical difference in
the average values of the following parameters was established: amplitude, the size of the long axis of the structures, the
thickness of the Domanik deposits and the distance of the structure's arch from the deep-sea slope. Also the least informative
parameter — the absolute arch elevation was identified and excluded from further analysis. For a detailed analysis of the
parameter values distribution, categorized histograms were constructed according to the classes of oil-saturated and empty
structures. At the first stage, conditional interval probabilities were calculated for each parameter and individual probabilistic
models of oil and gas content were built. At the second stage, all indicators were combined into a complex model. To assess the
quality of the model, a categorized histogram of cosplay probabilities by structure class was constructed, and the obtained
probabilities were compared with the results of discriminant analysis. It was established that the model successfully separated
empty and oil-saturated structures according to the boundary value of the complex probability of 0.5 units. As a result of
applying the constructed model, it was calculated that within the area under consideration, the most promising in terms of oil
and gas content was the Pilegorskaya structure.

HPe}lCTaBJ’[eHa MeToAuKa IIpOrHOo3a HquTerasoHocnocrn JIOKAJIBHBIX CTPYKTYpP BE€pOATHO-CTaTUCTUYECKMMH MeTodaMH Ha
TEpPUTOPUN VxeMcKoi CTYyIIEHU. OCHOBHEbIE NepCneKTUBbI Heq)TeI‘aSOHOCHDCTI/I Ha NaHHOM y4YacCTKe CBA3aHBI C HOFpeGeHHHMH
CTPYKTypaMu, IPHUYPOUYEHHBIMU K 30He OapbepHBIX pU(OB NJOMAHHUKOBOro Bo3pacTa. Llesbio paGoThl ABJAETCA pas3paboTKa
KOMILJIEKCHOM BEpOSATHOCTHOI MOZeJU [AJIs OLleHKU TeoJIOTHYeCKHX PHCKOB M PaHXHPOBAHMA MOJATOTOBJIEHHBIX CTPYKTYp IO
NepcrneKTUBHOCTY UX BBOJA B Iiiy6okoe GypeHue. B paGoTe GbuiM NpoaHaJM3UPOBaHbI MOP(OJIOrHYecKre NapMeTphl CTPYKTYP
10 KPOBJI€ JOMaHUKOBOTO 'OPU30HTA: aMIUIUTY/bI, MJIOmaj1, abCOIIOTHBE OTMETKH CBOJIOB, pa3Mephl OCell CTPYKTYp, a Takxe
TOJIIUHBI JOMaHHUKOBOI'O I'OPU30HTA U YAAJIEHHOCTb CTPYKTYp OT I‘HyﬁOKOBO/:[HOFO CKJIOHA. I[J'IH MOCTPOEHHUA BEPOATHOCTHBIX
Mofesleli MCXOJHble AaHHBle pasfieleHBl Ha [Ba kijlacca: He(TeHachllleHHble U IyCThle CTPYKTyphl. HMHQOpMaTHBHOCTH
BBIOpaHHBIX IIOKa3aTeslell OlleHeHa C IOMOIIbI0 t-KpuTepus CThIOAEHTA. YCTAHOBJIEHO CTaTHCTHUYeCKOe pasjIduhe CpeaHUX
3HAYEeHUI CJIeAYIOIMX NapaMeTpoB: aMIUIMTYAa, pasMep AJMHHONM OCH CTPYKTYp, TOJIIMHA JOMAHUKOBBIX OTJIOXKEHUH MU
yZlaJIeHHOCTb CBOJA CTPYKTYPhl OT IJIyGOKOBOAHOTrO ckJioHa. Taioke BBIABJIEH M MCKJIIOYEH U3 JajIbHellIero aHaau3a HauMeHee
“HGOPMATUBHEIN NapaMeTp — abCOIOTHAsA OTMeTKAa CBOAA CTPYKTyp. JJIA AeTeJbHOro aHaIM3a paclpejesieHHs 3HadeHUN
napamMeTpoB OBLIIM IIOCTPOEHbl KaTeropu3oBaHHble I'MCTOrpaMMBI IO KjlaccaM He(dTeHACBHIM[EHHBIX M IyCTBIX CTPYKTyp. Ha
NepBOM 3Tafe MO0 KaxJOMy IapamMeTpy OBUIM pacCYMTaHbl YCJIOBHble WHTepBajbHble BEPOATHOCTH U  IIOCTPOEHbI
MHUBUJyaJIbHble BEPOATHOCTHbIE MOZIeIM HedTerasoHocHocTU. Ha BTOpoM aTamne Bce NMoKasaresii 00befileHeHbl B KOMILJIEKCHYIO
Mojesb. [ OlleHKM KayecTBa MOJEJIM IOCTPOeHa KaTeropu3oBaHHAs TMCTOrpaMMa KOMILJIEKCHBIX BEPOATHOCTEH 10 Kjaccam
CTPYKTYp, a TakKXe IIPpOBEAEHO CONOCTaBJIEHHE IIOJTyY€HHBIX BepOﬂTHOCTeﬁ C pesyjbTaTaMi AUCKPUMHWHAaHTHOI'O aHan3a.
VYcraHOB/IEHO, YTO MOJejb YCIeNIHO pasjesseT IycThle U HedTeHachlleHHble CTPYKTYPhl IO TPaHUYHOMY 3Ha4YeHUI0
KOMILJIEKCHOI BepoATHocTu 0,5 nonu en. B pesysnbTaTe NMpuMeHeHMsi IMOCTPOEHHOM MOJeJIM PacCUMTaHO, 4TO B Ipefesax
paccMaTpHBaeMoi IIomaan HauboJiee epereKTUBHON B OTHOIEHHN HeTera3oHOCHOCTH sABJIAeTcsA [Tuberopekas CTpyKTypa.
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Introduction

In tectonic terms, the Izhma stage is a structure of the
first order, located in the central part of the Izhma-
Pechora syneclise. The Izhemskaya Stage is a monocline
dipping gently in the northeastern direction. The main
prospects of oil and gas bearing capacity in this area are
associated with buried structures confined to the zone of
barrier reefs of the pre-Domanic age, namely, the crest
part of the reef, usually composed of permeable
carbonate varieties, and the encircling structures of reef
massifs of the Syrachoic age [1, 2].

During the Domanic period, as a result of abrupt
submergence of the area under marine sedimentation
conditions, an uncompensated deep-water depression
existed in the southwestern part of the Izhemskaya Stage,
bordered from the east and north by a winding strip of
barrier reefs, beyond which sedimentation proceeded
under shelf conditions. A chain of narrow anticlinal folds
developed into the reef-forming zone, forming a rampart-
like uplift along the deep-water slope.

Within the study area, commercial accumulations of
hydrocarbons are associated with carbonate rocks of the
Domanic-Tournaisian oil and gas complex. The
Shchelyayurskoye, Demaelskoye, Makarielskoye,
Verkhnevolminskoye, Nizevoye and Yuzhno-Nizevoye,
Yuzhno-Sedmeskoye oil fields have been discovered here. The
assessment of oil and gas potential is carried out in the
Piliegorskaya area, within which there are three local
structures prepared for deep drilling: Piliegorskaya,
Voskresenskaya, Vostochno-Makaryelskaya. An extract from
the tectonic zoning scheme is presented in Fig. 1.

Processing a large amount of various geological and
geophysical information requires the use of methods of
mathematical statistics and probability theory [3-12]. The
mathematical apparatus used in the work and its application
for solving predictive problems are given in [13-26].

In order to rank the prepared structures, the
prediction of oil and gas occurrence was carried out by
probabilistic-statistical methods the use of which is given
in the works [27-38].

Construction of one-dimensional probabilistic
models

To assess the prospects for oil and gas potential, the
morphological parameters of the structures along the
reflecting horizon IIIf2 confined to the roof of the Domanic
horizon were analyzed: absolute elevations of the arched
part of the structures — AO_,, m; amplitude — A, m; square — S,
km? dimensions of long axis - L,, m; dimensions of short
axis — L, m. Also is is analyzed the thickness of the
Domanic horizon within the structures — H,,, m; distance
of the structure vaults from the deep-sea trench — L., km.
For the construction of probabilistic-statistical models, the
structures were divided into two classes: class 1 -
structures with proven oil-bearing capacity; class 2 —
structures with negative drilling results. The algorithm for
building one-dimensional probabilistic models is described
in [39-41].

To assess the informativeness of the selected
parameters, we compared the mean values of parameters
by classes of structures using Student's t-criterion. The
comparison results are presented in Table 1.

Statistically different mean values of the parameters by
classes were found in amplitude, size of the long axis of
the structures, thickness of the domanic sediments, and
distance of the structure vault from the deep-water slope.
It was also revealed that the absolute elevation of the
structure vault is the least informative parameter.
Therefore, this parameter will not be used for building
probabilistic models. To study the distribution of
parameters in detail, categorized histograms by structure
classes were constructed (Fig. 2).

Vhﬁgns\koye

g Makaryelsky~
Maka‘;yce‘elskoe
03

&
L

o
[ 8 Shcheljurskoe
[ DI (driifsre

K'eléhiyurskaya p

N 4

XMlchavﬁdskaya

Izhma-Pechora syneclise , Ne 4

Bol mim‘aTa. \

Conditional symbols
License areas
[ | study of the territory by MOGT-3D seismic surveys
Hydrocarbon fields
oil
Structural fund
- in drilling
[ prepared
identified
Wells
+  drilled wells

@  development well

Reef structures of Domanic sediments
Outer slope of the barrier reef

Inner slope of the barrier reef
oil and gas bearing regions

g oil and gas bearing areas

~+ees ol pipelines
highways
rivers
"ELEMENTS OF TECTONIC ZONING
Order
W] 1 [ 0 [m
D | | IZHMA-PECHORA SYNECLISE
D] Tobma Stage
‘OIL AND GAS BEARING REGIONS AND AREAS
2 Izhma Pechora Oil and Gas Field
2.2 Nighseizhoma Oil and Gas region

L] 5 000 10 000 15 000 20 000
I WSS cters

Scale: 1:250 000

Fig. 1. Extract from the tectonic zoning scheme
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Fig. 2. Histograms of indicators by categories of oil and empty structures: a — amplitude; b — area; c - is the size of the long axis;
d - is the size of the short axis; e — is the thickness of the Domanic deposits; f — distance from the deep-water slope
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Table 2

Conditional interval probabilities

A, m P(A), decimal units S, km P(S), decimal units Ly km P(L,), decimal units
15-22 0 1-3 1-2
22-29 0.33 3-5 0.33 2-3 0
29-36 1 5-7 1 3-4 0.75
36-43 1 7-9 1 4-5 0.75
43-50 1 9-11 0.5 5-6 0.5
L, km P(L,), decimal units H,, m P(H,,), decimal units L., km P(L,), decimal units
0.5-1.2 0 100-113 0 0.2-1.7 0.71
1.2-1.9 0.4 113-126 0 1.7-3.2 1
1.9-2.6 0.75 126-139 0 3.2-4.7 0
2.6-3.3 1 139-152 0.8 4.7-6.2 0
3.3-4 1 152-165 1 6.2-7.7 0
Table 3
Probabilistic models
Parameter Equation of the probabilistic model Application Range Probability range, decimal units
A, m P(A) = -0.3722 + 0.0267-A 15-50 0.0283-0.9628
S, km? P(S) = 0.065 + 0.0835-S 1-11 0.1485-0.9835
L, km P(L, = —0.1575 + 0.1651L, 1-6 0.0075-0.8325
L,, km P(L,) = -0.1107 + 0.2714'L, 0.5-4 0.025-0.9749
H,, m P(H,,) = -1.4165 + 0.0146H,, 100-165 0.0044-0.9925
Ly kmm P(L,) = 0.9749 — 0.1147'L,, 0.2-7.7 0.092-0.952
Table 4
Individual and complex probabilities of oil and gas bearing capacity
Structure Class d .P(A) - .P(S) o .P(Ld) o, .P(L") C. }.)(H‘i’") ’ . .P(Lg‘) ’ .P“’"‘P .
ecimal units decimal units decimal units decimal units decimal units decimal units decimal units
Y.-Sedemesskaya oil 0.429 0.953 0.705 0.473 0.657 0.889 0.998
Demaelian oil 0.429 0.652 0.451 0.552 0.628 0.820 0.916
Bedamelskaya empty 0.215 0.733 0.668 0.408 0.511 0.459 0.479
Yu.-Pychskaya empty 0.028 0.324 0.291 0.275 0.540 0.183 0.001
S.-Bolotnaya empty 0.162 0.150 0.083 0.104 0.759 0.854 0.007
Shcheliayurskaya oil 0.749 0.498 0.514 0.704 0.847 0.751 0.992
V.-Schelyayurskaya empty 0.162 0.407 0.494 0.212 0.613 0.086 0.005
S.-Volminskaya empty 0.322 0.458 0.626 0.402 0.058 0.872 0.160
Strelinskaya empty 0.189 0.399 0.338 0.345 0.321 0.269 0.007
V.-Volminskoye oil 0.295 0.574 0.453 0.432 0.963 0.929 0.992
Makaryelskaya oil 0.963 0.580 0.585 0.351 0.920 0.946 1.000
Nizevaaya oil 0.429 0.331 0.352 0.324 0.642 0.659 0.251
Yu.-Nizevaya oil 0.482 0.393 0.569 0.866 0.657 0.809 0.977
S.-Osinovaya empty 0.028 0.211 0.255 0.115 0.438 0.459 0.000
Pilegorskaya - 0.349 0.900 0.998 0.975 0.584 0.356 0.98
V.-Makaryelskaya - 0.242 0.376 0.569 0.215 0.336 0.946 0.381
Voskresenskaya - 0.242 0.297 0.272 0.296 0.409 0.843 0.073

According to the histogram of amplitudes (see Fig. 2, a),
it was found that the most common amplitude values for
oil structures are in the range of 29-36 m (29 %), for
empty structures — 15-22 m (36 %). The overlapping
zone of the classes is determined in the interval of 22-29 m.
Amplitude of more than 29 m is typical only for oil
structures.

The most common area values (see Fig. 2, b) for oil
structures are in the range of 5-7 km2 (27 %), for empty
structures — 3-5 m (29 %). Basically, empty structures
are characterized by a smaller area value compared to
the oil-saturated ones.

From the histogram of the dimensions of the long
axes of the structures (see Fig. 2, c) it can be seen that
the most common values for oil structures are in the
range of 3-5 km (42 %), for empty structures — 2-3 km
(21 %). The overlapping zone of categories is determined
in the interval of 3-6 km. It is worth noting that if the
value of this parameter is less than 3 km, only empty
structures are found.

The most common values of short axis lengths (see
Fig. 2, b) for oil structures are in the range of 1.9-2.6 km
(21 %), for empty structures — 0.5-1.9 m (42 %). The
overlapping zone of classes is 1.2-2.6 km.

The most common values of Domanic horizon
thickness (see Fig. 2, e) for oil structures are in the range
of 139-152 m (29 %), for empty structures — 126-139 m
(29 %). The overlapping zone of the categories is
determined in the interval of 139-152 m.

With thicknesses less than 139 m, only empty
structures are found.

According to the histogram of distance from the deep-
water slope (see Fig. 2, f), it was established that oil
structures occur at values of this parameter less than
3.2 km, empty structures are found at the entire range of
values of 0.2-7.7 km.

In the next step, for each interval highlighted in the
histograms, the details are determined according to the
formula:

N
P(Xj|Wk)=N—", m

q
where p (Xj|Wk) — specific value in the k-th interval for
the group Wq (¢ = 1 - corresponds to oil structures, and
g = 2 - empty structures); Nk - number of cases of
parameter Xj content in the k-th interval; Ng - sample

volume of structures with this or that character of
saturation.

HEAPOMOJIb3OBAHUE



PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING

The calculated specifics were used to calculate
conditional interval probabilities of oil and gas content:

P(xw,)
P(Xj|W1)k +P(X |w2)k ’

p (Wq |X} )k = (2)

J

where P (Wq |X i )k — is the conditional interval probability

that variable Xj in the k-th interval belongs to class Wgq.
Conditional interval probabilities for each parameter are
presented in Table 2.

Linear probabilistic models of oil-and-gas bearing
capacity of the structures for each parameter are
constructed by the obtained data. The methods of
construction of probabilistic models for oil and gas content
prediction are given in [42]. The obtained model equations
and the limitations of their use are presented in Table 3.

The equations of probability models show that the
probability of oil and gas bearing is characterized by a direct
dependence on the amplitude, area of the structure, the size
of the long and short axes, and the thickness of the domanic
sediments, and by an inverse dependence — with the distance
from the deep-water slope. It is also important to note that
the obtained probabilistic models are correct: the range of
probabilities is from 0 to 1 decimal units and all models cross
the line with a probability of 0.5 decimal units.

Complex model construction

When predicting oil and gas potential, it is necessary to
take into account all considered indicators in aggregate. To do
this, the study calculates a complex indicator, the use of
which is described in the works [43]. The complex
probability was calculated by the formula:

[T,.70%1%) -
[1.P0, 1 X )+ ] Q- POV, X))

comp

Table 4 shows the values of conditional probabilities for
each parameter, as well as the complex probability of oil
and gas content of the reference and prepared structures.

A histogram of complex probabilities for classes of oil-
saturated and empty structures (Fig. 3) was constructed to
verify the obtained probabilistic statistical model.

Figure 3 and Table 4 show that all oil structures are
characterized by a complex probability of more than 0.5
decimal units. For all empty structures, the probability of oil
content is less than 0.5 decimal units, with the majority in the
range of 0-0.1 decimal units.

Another method of testing the obtained model is to
compare the complex probability of oil and gas potential
identified in the course of the probabilistic-statistical analysis
of Rcomp with the probability and gas potential according to
the results of the discriminant analysis of Rcomp (discr). The
possibilities of using discriminant analysis to solve predictive
problems are given in [44, 45]. To compare the obtained
probabilities, a correlation field is constructed (Fig. 4).

According to the correlation field, it was identifyied
that the structures were divided into two groups: oil-
saturated with complex probabilities for both types of
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comp comp
analysis greater than 0.5 decimal units and empty — with
probabilities less than 0.5 decimal wunits. Thus, the
obtained probabilistic-statistical model is acceptable for
ranking structures by prospects of oil and gas bearing
capacity.

Conclusion

The Pilegorskaya structure has the highest probability
of oil bearing capacity of 0.98 decimal unit. The
prospectivity of drilling this structure is also confirmed
by the fact that this structure has the largest amount of
prepared resources among all the structures under
consideration, which is one of the significant factors in
selecting the first-priority object.

According to the analysis results, the East
Makaryelskaya structure has a complex probability of
0.381 decimal units, which is below the boundary value.
Voskresenskaya structure has the lowest complex
probability of all the structures considered, which
indicates that prospecting and appraisal works there are
not promising.
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