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 When developing design documentation for geological exploration, which includes the rationale for laying a prospecting and 
appraisal well in order to search for and evaluate oil deposits in geological structures, there is a need to identify an analogue 
field characterized by a similar geological structure. 
In this regard, there is a need to develop an up-to-date geological and statistical approach that makes it possible to most 
accurately determine an analogue field based on geological and statistical data. 
This article discusses the geological-statistical method, which not only confirms the nature of the correspondence of structural 
plans in general, but also allows us to differentiate areas with different geological and structural structures, characterized by 
different degrees of correspondence of structural plans within the area, that studied by 3D seismic exploration. 
The nature of the influence significance of the indicators OG S, OG IK, OG IP, OG IIK and OG III on OG IIP, determined as a
study result, confirmed the correspondence between structural plans of the Lower Carboniferous System (OG IK, IP, IIK, IIP) and 
inconsistency between structural plans of Permian (OG S) and Devonian terrigenous deposits (OG III). 
To determine the analogue field of the geological structure, a discriminant analysis was carried out on groups of wells, the
correspondence and belonging of which to different deposits was confirmed by a regression study. 
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 При разработке проектной документации для проведения геолого-разведочных работ, включающей в себя обоснование 
заложения поисково-оценочной скважины с целью поиска и оценки залежей нефти в геологических структурах,
возникает необходимость определения месторождения-аналога, характеризующегося схожим геологическим строением. 
В связи с этим появляется потребность разработки актуального геолого-статистического подхода, позволяющего 
наиболее точно определить месторождение-аналог на основе геолого-статистических данных. 
Рассматривается геолого-статистический метод, который не только подтверждает характер соответствия структурных планов в
целом, но и позволяет дифференцировать участки с различным геолого-структурным строением, характеризующиеся разной 
степенью соответствия структурных планов в пределах площади, изученной сейсморазведочными работами МОГТ 3D.  
Характер значимости влияний показателей ОГ S, ОГ IK, ОГ IП, ОГ IIК и ОГ III на ОГ IIП, определенный в результате 
исследования, подтверждает соответствие структурных планов нижнего отдела каменноугольной системы (ОГ IK, IП, IIК, IIП) 
между собой и несоответствие их структурным планам пермских (ОГ S) и девонских терригенных отложений (ОГ III). 
Для определения месторождения-аналога геологической структуры был проведен дискриминантный анализ по группам
скважин, соответствие и принадлежность которых к разным месторождениям подтверждены регрессионным исследованием.

 
© Evgeniy S. Kolesnikov – PhD Student at the Department of the Department of Oil and Gas Geology (tel.: +007 (912) 580 50 60, e-mail: zhenya.kolesnikov.1997@mail.ru). 
 
© Колесников Евгений Сергеевич – геолог отдела геологии и лицензирования (тел.: +007 (912) 580 50 60, e-mail: zhenya.kolesnikov.1997@mail.ru). 
 
 
Please cite this article in English as: 
Kolesnikov E.S. Development of a Geological and Statistical Approach to the Justification of an Analogue Field for a Structure Prepared for Deep Drilling by 3D Seismic in 
the Perm Krai. Perm Journal of Petroleum and Mining Engineering, 2023, vol.23, no.2, рр.52-57. DOI: 10.15593/2712-8008/2023.2.1 
 
Просьба ссылаться на эту статью в русскоязычных источниках следующим образом: 
Колесников Е.С. Разработка геолого-статистического подхода к обоснованию месторождения-аналога для структуры, подготовленной к глубокому бурению 
сейсморазведочными работами МОГТ 3D в Пермском крае // Недропользование. – 2023. – Т.23, №2. – С.52–57. DOI: 10.15593/2712-8008/2023.2.1 
 



PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING 
 

НЕДРОПОЛЬЗОВАНИЕ 53

Introduction 
 

When developing project documentation for geological 
exploration works, which includes justification of a 
prospecting and appraisal well for the purpose of search and 
evaluation of oil deposits in geological structures, there is a 
need to identify the ideal analogous field characterised by a 
similar geological structure [1–12].  

In this connection there appeared the necessity to develop 
an actual geological and statistical approach which allows  
determining the ideal analogue on the basis of geological and 
statistical data in the most accurate way. 
 

Statistical Differentiation of Wells According 
to the Principle of Relation to Different Geological 
Exploration Areas 

 
To define the analogue field, a stepwise multiple 

regression was performed in Statistica software for 
groups of different numbers of exploration wells n 
drilled in the geological exploration area under 
consideration as well as in the adjacent areas. The 
regression was performed for n from 3 to 27 ea. 
inclusive. The sample was ranked in ascending order of 
the OG IIP absolute mark [10–24]. 

The results of the regression study is presented in Table 1. 
Statistically significant indicators, for which the value of 
p-criterion characterising the probability of error of the 
first kind (i.e. the probability of randomness of the 
obtained result) is less than or equal to 0.05, are 
highlighted in bold. The value of the multiple correlation 
coefficient R2, which characterises the closeness of linear 
dependence of one variable on other variables, begins to 
increase in the range n from 3 to 9, further, at n from 
10 to 27 the value of the coefficient reaches its maximum 
of 0.997–0.999 and practically does not change. The 
gradual increase of the coefficient is explained by the fact 
that the more values of variables are used in the analysis, 
the more accurately the regression equation is described 

and, as a consequence, the stronger the relationship 
between the dependent and independent variables. 

The standard error SE indicates how much the sample 
mean may differ from the parent universe mean. The 
statistical model is applicable to the considered geological 
structure "S" because the maximum standard error 
encountered in the regression analysis in the range of n from 
19 to 27 is 5.30 m, and the amplitude of the structure "S" on 
the OG IIP is equal to 14 m. 

In the range of n from 27 to 19 the model is controlled 
by statistically significant OG IIk and OG IP.  

The magnitude of the standard error SE in this range 
gradually increases from 4.52 to 5.30 m. The multiple 
correlation coefficient R2 vary in the value of 0.998.  

This model confirms that the wells involved belong to 
field “A”. 

The first restructuring of the model is observed in the 
range n from 18 to 13: the model continues to be controlled 
by statistically significant indicators of the OG IIk and OG IP, 
and the OG-Ik indicator also begins to have a statistically 
significant effect on the model.  

The magnitude of standard error SE in this range 
gradually increases from 3,64 to 3,93 m. The multiple 
correlation coefficient R2 vary in the value of 0.999. 

This model confirms that the wells involved belong to 
field “B”. 

The second restructuring of the model is observed in 
the range n from 12 to 10: the model continues to be 
controlled by statistically significant indicators of OG IP 
and OG Ik.  

The magnitude of standard error SE are in the range 
from 3,53 to 3,85 m. The multiple correlation coefficient 
R2 vary in the value of 0.998.  

This model confirms that the wells involved belong to 
field “C”. 

The third restructuring of the model is observed in the 
range n from 9 до 8: The model continues to be controlled by 
a statistically significant OG IP, the influence of the OG Ik 
indicator is weakening. 

 
Table 1  

Results of the regression analysis 
 

Field n, ea. Free member Coefficients for indicators, dec.units R2, 
dec.units 

p-criterion, 
dec.units SE, m ОG S OG IK OG Ip OG IIK OG III

“D” 

3 –2630,30 –0,06 –1,07   
4 –2073,05 –0,02 –0,61 0,05   
5 –1481,18 0,04 0,693 0,194592 1,314
6 –1215,69 0,05 0,25 0,783 0,240577 1,388
7 –699,373 0,071 0,779 0,829 0,098265 2,206
8 146,611 1,075 0,250 0,798 0,079233 3,037
9 713,295 1,493 0,313 0,966 0,000308 3,178

“C” 
10 796,744 –2,098 3,275 0,461 0,997 2,76E–08 3,530
11 464,455 –1,780 2,962 0,306 0,998 6,43E–10 3,793
12 504,928 –1,682 2,870 0,325 0,998 1,79E–11 3,850

“B” 

13 –22,225  –1,131 2,188 0,219 0,999 4,93E–13 3,774
14 –7,070 –1,162 2,192 0,249 0,999 1,26E–14 3,641
15 40,114 –1,106 1,983 0,397 0,999 1,26E–15 3,927
16 30,805 –1,081 1,975 0,379 0,999 3,99E–17 3,808
17 36,436 –1,073 1,946 0,399 0,999 1,14E–18 3,679
18 34,503 –1,036 1,898 0,407 0,999 3,32E–20 3,567

“A” 

19 85,053 –0,086 0,298 0,915 0,998 7,6E–19 5,297
20 94,193 –0,085 0,271 0,941 0,998 3,96E–20 5,235
21 91,669 –0,086 0,277 0,935 0,998 1,63E–21 5,098
22 92,963 –0,092 0,275 0,939 0,998 7,19E–23 4,986
23 93,478 –0,094 0,276 0,938 0,998 2,94E–24 4,867
24 92,954 –0,094 0,278 0,936 0,998 1,18E–25 4,750
25 91,558 –0,093 0,280 0,935 0,998 5,09E–27 4,654
26 95,399 –0,094 0,266 0,947 0,998 2,76E–28 4,611
27 246,681 –0,090 0,257 0,930 0,089 0,998 3,65E–28 4,515
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Table 2  
Qualitative characteristics of discriminant analysis 

 
n = 23 Wilkes lambda, dec.units Particular lambda, dec.units F-criterion – (3.18) p-criterion, dec.units Tolerance R2

OG IK 0,002 0,189 25,780 0,000 0,642 0,358
OG S 0,005 0,068 81,908 0,000 0,291 0,709
OG III 0,006 0,063 88,912 0,000 0,133 0,867
OG IП 0,003 0,134 38,713 0,000 0,119 0,881

 
Table 3  

Posteriori probabilities 
 

N Group Posteriori probabilities
Group “A” (p = 0,36) Group “B” (p = 0,24) Group “C” (p = 0,12) Group “D” (p = 0,28)

3 «D» 0,000 0,000 0,000 1,000
4 «D» 0,000 0,000 0,000 1,000
5 «D» 0,000 0,000 0,000 1,000
6 «D» 0,000 0,000 0,000 1,000
7 «D» 0,000 0,000 0,000 1,000
8 «D» 0,000 0,000 0,000 1,000
9 «D» 0,000 0,000 0,000 1,000
10 «S» 0,000 0,000 0,000 1,000
11 «C» 0,000 0,000 1,000 0,000
12 «C» 0,000 0,000 1,000 0,000
13 «C» 0,000 0,000 1,000 0,000
14 «B» 0,000 1,000 0,000 0,000
15 «B» 0,000 1,000 0,000 0,000
16 «B» 0,000 1,000 0,000 0,000
17 «B» 0,000 1,000 0,000 0,000
18 «B» 0,000 1,000 0,000 0,000
19 «B» 0,000 1,000 0,000 0,000
20 «A» 1,000 0,000 0,000 0,000
21 «A» 1,000 0,000 0,000 0,000
22 «A» 1,000 0,000 0,000 0,000
23 «A» 1,000 0,000 0,000 0,000
24 «A» 1,000 0,000 0,000 0,000
25 «A» 1,000 0,000 0,000 0,000
26 «A» 1,000 0,000 0,000 0,000
27 «A» 1,000 0,000 0,000 0,000
28 «A» 1,000 0,000 0,000 0,000

 
The value of the standard error SE in this range 

gradually decreases from 3.46 to 3.04 m. The multiple 
correlation coefficient R2 gradually decreases from 
0.983 to 0.798.  

This model confirms that the wells involved in it 
belong to field D. 

There are no statistically significant values in the range 
of n from 7 to 3, which is associated with the small 
number of n used in multiple regression. The wells 
involved in this model were drilled within field D.  

There is a different dependence of the structural 
plan of the OG IIP on the indicators of OG S, OG IK, OG 
IP, OG IIkand OG III in different n ranges. Moreover, this 
makes it possible to group areas that obey similar 
geological and statistical models (similar in the nature 
of the influence of significant indicators). The 
significant influence of the indicators OG IK, OG IP, 
and OG IIk on OG IIP and the insignificant influence of 
OG S and OG III indicators on OG IIP confirms the 
correspondence of the structural plans of the lower part 
of the Carboniferous system (OG IK, IP, IIK, IIP) with each 
other and their discrepancy with the structural plans of 
the Permian (OG S) and Devonian terrigenous deposits 
(OG III) [25–34]. 
 

Probabilistic and Statistical Substantiation 
of Analogue Field 

 
To determine the field-analogue of the geological 

structure "S", a discriminant analysis was carried out 
based on the results of a regression study [34–46]. 
Discriminant analysis was carried out for groups of 
wells, the correspondence and belonging of which to 
different fields with different types of structural plan 

ratios was confirmed by regression studies. In total, 
there are four groups of wells assigned to different 
fields: "A", "B", "C" and "D". The qualitative 
characteristics of the discriminant analysis based 
on the known values of the four groups are presented 
in Table 2.  

Wilkes' lambda, which characterizes the ratio of 
intragroup variability to general variability and determines 
the quality of grouping, in this case is quite small and ranges 
from 0.002 to 0.006 parts of units, which means that the 
groups are homogeneous within themselves and practically 
do not intecross with each other. 

The partial lambda determines the value of a particular 
classification feature, i.e. determines the degree of 
variability of the Wilkes lambda (the degree of variability 
of intragroup homogeneity) after the addition of a 
variable. That is, the lower its value, the more valuable the 
feature is. In this case, the most valuable variables are OG 
S and OG III, since they are not as widespread as they are 
compared to OG IP. 

The F-criterion  determines the variability of variances 
as a result of excluding this or that feature from the 
analysis, and the p-criterion determines the level of its 
statistical significance, i.e. the probability that the result 
will be random. If the exclusion of a feature leads to a 
statistically significant change in the variance ratio, then 
this condition makes an important contribution to the 
discrimination of groups. 

Tolerance determines the redundancy of the feature, 
that is, the lower it is, the stronger this feature 
is associated with all the rest. The coefficient of multiple 
correlation R2, on the contrary, determines the degree 
of interrelation of a feature with the others used in 
the model. 
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The canonical discriminant functions determining the 
classification process were subject to laws: 

( ) ( )
( ) ( )

= − − − −

− +

 1 4,414 4,880  I 9,362  
 19,436  III 3,290  I ;

k

P
Root OG OG S

OG OG  

( ) ( )
( ) ( )

= − + − −

− +

 2 2,806 4,442  I 71,492  
 26,153  III 4,589  I ;

k

P
Root OG OG S

OG OG  

( ) ( )
( ) ( )

= + + −

− +

 3 1,123 0,727  I 21,528 ОГ 
 9,771 ОГ III 0,517  I .

k

P
Root ОГ S

ОГ  

 
Graphs of the discriminant functions Root 1, Root 2 

and Root 3 are presented in Fig. 1-3. 
The eigenvalues of the roots of the functions Root 1, 

Root 2 and Root 3, characterising the quality of 
differentiation, are 40.66, 23.32 and 1.70, respectively. 
It means that the most representative in this case will 
be the graph of the roots of discriminant functions Root 
1 and Root 2, because the greater the eigenvalue of the 
function, the more effective the differentiation.  

Wells of group "A" are located only in negative values 
of Root 1 and Root 3 and only in positive values of Root 2. 
As can be seen from the previously constructed 
geological and statistical model corresponding to field 
"A", OG IIP is controlled by statistically significant 
indicators of OG IIK and OG IP. 

Wells of group "B" are located only in positive values 
of Root 1, Root 2 and Root 3. As can be seen from the 
previously constructed geological and statistical model 
corresponding to field "B", OG IIP is controlled 
by statistically significant values of OG IIK and OG IP 
and OG IK.  

Group "C" wells are located only in positive values 
of Root 1 and only in negative values of Root 2 and 
Root 3. As can be seen from the previously constructed 
geological and statistical model corresponding to field 
"C", OG IIP is controlled by statistically significant 
indicators of OG IP and OG IK. 

Wells of group "D" are located only in negative values 
of Root 1 and Root 2 and in both positive and negative 
values of Root 3. As can be seen from the previously 
constructed geological and statistical model corresponding 
to field "D", OG IIP is controlled by the statistically 
significant indicator of OG IP. 

A posteriori probabilities obtained as a result of 
discriminant analysis, characterising the probability of 
belonging of structure "S" to a particular group ("A", "B", 
"C" or "D") are presented in Table 3. 

The scheme of joint distribution of posterior 
probabilities for the four groups under study, obtained by 
discriminant analysis, is presented in Fig. 2. 

A regular distribution of groups of wells confined 
to different territories with different degrees of 
structural plan conformity has been defined. In the 
southern part  the field "C" is located; three wells 
were drilled within its boundaries. To the North of the "C" 
field is the "B" field, with six wells drilled within its 
boundaries. Field A is located in the western part of 
the territory and nine wells have been drilled 
within its boundaries. In the north-eastern part of the 
territory there is field "D". Nine wells were drilled within 
its boundaries.  

The aposteriori probability that the geological structure 
"S" belongs to the territory of the "D" deposit is 100 %. 
This means that the "D" field is the analogue for the "S" 
structure. 

 
а 

 
b 

 
c 

 
Fig. 1. Graph of the roots of discrinminant functions: а – Root 1 

and Root 2; b – Root 2 and Root 3; c – Root 1 and Root 3 
 

 
 

Fig. 2. Scheme of joint distribution of aposteriori probabilities 
for different groups; Blue – the boundaries of the tectonic 

elements of the first order, red – the second order 
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Conclusion 
 

The results of the regression study made it possible to 
combine the obtained geological and statistical models, which 
are close in the nature of the influence of significant 
indicators, which, in turn, confirmed the belonging of 
different groups of wells to different fields. 

The nature of significance of the influence of the 
indicators OG S, OG IK, OG IP, OG IIK and OG III on 
OG IIP, determined by the regression study, confirms 
the correspondence of the structural plans of the lower 

part of the coal system (OG IK, IP, IIK, IIP) among 
themselves and their inconsistency with the structural 
plans of the Permian (OG S) and Devonian terrigenous 
sediments (OG III). 

By the results of the statistical method based on the 
differentiation of areas with different geology and 
structure, characterised by different degrees of 
conformity of structural plans within the area under 
consideration of MOGT 3D seismic surveys, the analogue 
for the geological structure "S" was determined and 
statistically substantiated – the deposit "D". 
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