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This study investigates the construction of a probabilistic-statistical model using two reference areas of field X, drilled with
horizontal and deviated wells. The model involves discriminant analysis combined with the development of both linear and
multivariate regression relationships to predict well locations within the undrilled area and potentially forecast initial oil
production rates.

The impact of geological structure on well placement is analyzed using a t-test for comparing means. Based on identified
differences in the geological structure at well locations, discriminant analysis was conducted to determine the factors influencing
well type selection. The analysis revealed that the areas differ in geological structure, and porosity, permeability, and sand
content of the formation influence the placement of horizontal and deviated wells.

Linear and multivariate regression analysis was performed to classify the territory into zones with distinct geological structures.
Linear regression analysis indicated that oil production rates in low-permeability reservoirs are differentiated into three classes
with varying parameter influences within each production rate range. Multivariate regression analysis enabled the assessment of
the combined influence of the most statistically significant formation characteristics on oil production rates and provided
multivariate regression equations for predicting oil production rates of horizontal and deviated wells.

PaccMaTpuBaeTes OCTPOEHHE BEPOSTHOCTHO-CTATUCTHYECKOI MOZIe/IN Ha TPKIMEPe [BYX STAJIOHHBIX y4acTKOB (DeOPOBCKOI! IIOLIA/H,
pasbypeHHbIX [OPH30OHTAJIBHBIMK U HAKJIOHHO HAlpaBJeHHBIMU CKBaXHMHaMH. MOJEsb BKJIOYAET IIPC JIICKD THOTO
aHaJIM3a B COYETAHNH C NIOCTPOEHNEM KaK JIMHEIHBIX, TAK 1 MHOTOMEPHBIX PErpecCHOHHbIX 3aBUCHMOCTEl [Is IPOrHO3UPOBAHUA MeCT
3aJI0KEHNs CKBOXUH B IIpejiesiax Hepa3OypeHHOTro y4acTKa M BO3MOXHOCTH [IPOrHO3a HavYaJIbHbIX AeGHTOB HedTu.

BJiMsiHUE re0JIOrMYecKoro CTPOeHUs Ha pa3MelleHHe CKBaXUH aHaJIM3MUPYeTCs C MCIOJIb30BaHUEM f-Kpurtepus CThIOAEHTa st
CpaBHEHHs CpeJJHUX 3HayeHHil. Ha OCHOBe BbIABJIEHHbIX PA3JINYMil B F€0JIOTMYECKOM CTPOEHUN B MECTaX MPOOYPEHHbBIX CKBAXUH
GBbUT IPOBeZIEH JUCKPUMUHAHTHBIN aHaJIN3 [UIA onpefiesieHns (pakTopoB, BIMAIMNX HA BHIOODP THIA CKBAXHMH. AHAIN3 [OKA3aJl,
YTO YYacTKUA OTJINYAIOTCSA IO Ie0JIOTMYEeCKOMY CTPOEHHI0, a Ha pa3MellleHHhe TOPU30HTAJIBHBIX M HAKJIOHHO HalpaBJIEeHHBIX
CKBaXXVH BJIUAIOT IIOPUCTOCTH, IIPOHHUI[AEMOCTD U IIECYaHUCTOCT IUIACTA.

JUIA TANM3aLUK TEPPUTOPUU HA 30HBI C PA3IMYHBIM Te0JIOTHYECKUM CTPOeHHeM ObUI MPOBeHeH JIMHENHBI ¥ MHOTOMEPHBII
perpeccHoHHbIi aHaau3. JINHEHHbIN perpecCHOHHBII aHaIU3 M0Ka3asl, YTo JeOUTH HedTH B HU3KOIPOHULAEMBIX KOJIJIEKTOpax
nuddepeHnUpyIOTCS Ha TPU KJacca C pPas3jMYHBIM BIIMSHMEM KaX[JOro Iapamerpa B KaX[AOM [uamna3oHe JeGUTOB.
MHOrOMEpHBIIl PEerpecCHOHHBIN aHAJIN3 TMO3BOJIMJI OLEHUTh KOMIUIEKCHOE BJIMsHHE Hambosiee CTATUCTHYECKU 3HAYMMBIX
XapaKTEePUCTHUK IIacTa Ha Ae6UThl HePTH M MOJIYyYUTh YpaBHEHUs MHOIOMEPHOU perpeccuu Ui NPOTrHO3UPOBAHUA AeGHTOB
HedTH rOPU30HTAJIbHBIX Y HAKJIOHHO-HAMPABJIEHHBIX CKBAXHH.
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Introduction

In different papers a comprehensive research of the
geological structure of low-permeability formations is
suggested, as the well flow rates in such objects largely
depend on it [1-6]. In this study, two reference areas
of the low-permeability formation YUS2, located
in the northwestern and southeastern parts of the
Fedorovskaya field, were selected for analysis (Fig. 1).

For the initial study of the geological structure
influence on the horizontal and directional wells
location, the following geological formation
characteristics were considered: porosity (K, %),
permeability (X, 10° um?), sandiness (X, fraction
units), effective oil-saturated thickness of the formation
(fgosy M), and absolute elevation of seam roof
(A.e, m) in the northwestern and southeastern parts of
the Fedorovskaya area [7-13]. The sample included
34 directional wells and 11 horizontal wells. Based on
different studies, it is assumed that the listed formation
characteristics significantly effect the horizontal and
directional wells location [14-16]. To verify this,
analyses were performed using the Student's fcriterion
and the ? criterion, and the average values of the
geological characteristics were calculated, the results of
which are presented in the table.

The average values analysis shows that the
geological characteristics of the well groups statistically
reflect the differences in geological structure at the sites
of horizontal and directional wells.

It is noteworthy that the hypsometric position does
not influence the horizontal and directional wells
location. At the same time, directional wells are located
in the porous sections of the formation with better
filtration properties, as well as in areas of increased
effective  oil-saturated thicknesses compared to
horizontal wells. It proves that the differentiation in
drilling between horizontal and directional wells occurs
due to these parameters. Therefore, it is necessary to
forecast further drilling in the area, focusing on them.

Study of the geological structure influence on well
flow rates using probabilistic-statistical methods

Confirmation of the hypothesis regarding the
geological structure influence on the horizontal and
directional wells location allows us to put forward
the hypothesis that geological structure also affects
their flow rates. Moreover, in each range of oil flow
rates, various geological characteristics play a key
role [17-20].

To study the mutual influence of geological
characteristics on oil production, linear regression
equations were constructed for a sample sorted by
increasing production rates. A total of five dependencies
were constructed: g, = AK,), Gu LK o),
Gt = KKand)J Gat = I(A‘e) and Gat = Kbeff.o.sat)‘ The first
model was built based on three (7 = 3) tests of oil flow
rate, starting with its minimum values. The next model
included data from four (2 = 4) tests of well flow rates,
and so on up to the last well in the sample (7 = 34).

Based on the obtained values of free terms, angular
coefficients for K, K., K. A.e, significance levels
and Student’s fcriteria of the regression equations,
corresponding graphs of oil flow rate dependence on
the listed parameters for each geological characteristic
were constructed (Fig. 2-6).
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Fig. 1. Well location diagram

Average values of geological characteristics

t — criterion

Average of Average of

Parameter horizontal wells  directional wells __plevel
x?-criterion
4.1
Ko, % 15.3 17.7 0.0001
17.1
3.7
Lo 5.2 10.7 0.0005
11.7
Koana> 4.
fraction 0.33 0.43 0.002
units 10.4
2.7
At o500 T 6.5 8.6 0.009
5.71
-1.5
Ae,m -2657.5 -2667.1 0.14
1.2

The obtained graphs specifically characterize the
relationship between the open porosity coefficient and
oil flow rate across different porosity ranges. Breaks,
interruptions, and curvature on the graphs reflect
changes in the pore space structure in various ranges
and its effect on oil flow rate. Analyzing the graphs
allows for the identification of three classes with
varying influences of pore space on oil flow rate: the
first class with a weak influence up to 20 tons/day,
a medium influence ranging from 20 to 26 tons/day,
and a strong influence from 26 to 36 tons/day.

The obtained graphs show the influence of the
reservoir filtration properties on oil flow rates in different
ranges. It can be noted that the formation permeability
has no effect on oil flow rates up to 19 tons/day, however,
its significance increases for wells with oil flow rates
ranging from 19 to 36 tons/day.

Based on the obtained graphs, it can be concluded that
the influence of sandiness is similar to that of porosity:
there are zones of weak influence up to 20 tons/day,
where the oil flow rate is controlled by other geological
factors; zones of medium influence ranging from 20 to
26 tons/day; and zones of strong influence from 26 to
36 tons/day.

Based on the obtained results, it can be concluded
that the hypsometric position of the reservoir roof does
not have a significant effect on oil flow rates at
different ranges, since the significance level at any oil
flow rate is greater than p = 0.05.
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Fig. 2. Variation of values: a - significance level; b — angular coefficient;
¢ - tcriterion; d - free term in the regression equations g, = AX,,)
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Fig. 3. Variation of values: a - significance level; b - angular coefficient;
¢~ tcriterion; d- free term in the regression equations g, = AKX,
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Fig. 4. Variation of values: a - significance level; b — angular coefficient;
c— tcriterion; d- free term in the regression equations g, = ¢, = K,
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Fig. 5. Variation of values: a - significance level; b - angular coefficient;
c - tcriterion; d- free term in the regression equations g, = ¢, = f{A.e)
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Fig. 6. Variation of values: a - significance level; 5 - angular coefficient;
c— tcriterion; d- free term in the regression equations g, = G, = £(Ayo50)

From the obtained graphs, there can be observed

the zones

of

influence of effective oil-saturated

formation thickness on oil flow rates: a zone of weak
influence up to 24 tons/day; a zone of strong influence

from 24 to 30 tons/day; and a zone
influence from 30 to 36 tons/day.
Thus, as

of medium

a result of analyzing all geological

characteristics, three zones of geological structure
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influence on well flow rates can be distinguished: a
zone of weak influence (up to 20 tons/day), the range
of flow rates can be classified as low-flow wells; a zone
of medium influence (20-26 tons/day), corresponding
to the medium-flow class; and a zone of strong
influence (26-36 tons/day), for high-flow wells.

The obtained results correlate with the works of
many researchers studying the influence of geological
structure on well flow rates in low-permeability
formations [21-25].

To assess the complex influence of geological
characteristics on oil flow rates, a multivariate
regression dependence was constructed, with all oil
flow rates included in the model (2 = 34). Thus, the
first equation included only one geological parameter
(m = 1), the second one — two parameters (m = 2),
and so on until all parameters were included in the
analysis (i = 5). As a result of including all variables
in the multivariate regression analysis, the following
equation was obtained [26-30]:

=-116.9+1,39 K, +0.32- K, +

perm
-0.37 - h,(r = 0.87).

qsat.init,

+ 21.46 - K

sand

The geological parameters obtained in the equation
have the greatest influence on oil flow rates. To assess
the modeling reliability, calculations of oil flow rates
were performed using the derived formula, compared
with the actual flow rates (Fig. 7, a). A graph showing
the dependence of the correlation coefficient r on
various ranges of oil flow rates was also constructed
(Fig. 7, D). The assessment methodology was as follows:
at the first step of the analysis, the model included five
flow rate definitions (2 = 5), at the next step, six
definitions (2 = 7), and so on, until all definitions were
included in the model (2 = 34).

According to the data presented in Fig. 6, it can be
observed that for low-flow wells with weak geological
structure influence, the accumulated correlation
decreases from 0.98 to 0.78 units. With the transition
to the zone of medium and high-flow wells, the value
of the accumulated correlation increases from 0.78 to
0.88 units, indicating a greater efficiency of the
obtained model.

To study the mutual influence of geological
characteristics on the oil flow rate of horizontal wells,
linear regression equations were constructed for a
sample sorted by increasing flow rates, similarly for
directional wells.

Based on the obtained free terms values, angular
coefficients, significance levels and Student's #criteria
Of rEgreSSion equations fOI' [(;Jerm: Ifeff.o.sat’ Iq;or’ Kand:
corresponding graphs were constructed to show the
dependence of oil flow rates on the listed parameters
for each geological characteristic (Fig. 8).

The obtained results indicate the influence of
sandiness over the entire range of oil flow rates in the
presented sample while the porosity and permeability
effects are weaker. These factors, in turn, impact the
well flow rates starting from 40 tons per day.
In general, for the group of horizontal wells, it is
possible to identify a zone of low-flow wells with a
weak influence of geological structure in the range
of 20-40 tons/day. Conversely, high-flow wells show a
strong influence from the geological structure, with oil
flow rates exceeding 40 tons per day.

Thus, the most statistically significant parameters
for determining the oil flow rate of horizontal wells are
Kyerm> K and K4 In this regard, it is necessary to use
multivariate regression analysis, which allows us to
evaluate the complex effect of these parameters on the
oil flow rate.

The complex characteristics influence is assessed by
constructing multiple regression equations and
analyzing the cumulative correlation. The graphical
representation of the results is illustrated in Fig. 9.

The obtained results indicate that the model has
good prognostic properties, since the correlation
coefficient is high at all ranges of oil flow rates of more
than 0.92 units [31-34]. Also, the obtained regression
equation can be used to assess the forecasted flow rates
of horizontal wells.

= -318,8 +3,13- K __ +

qsat. init. perm

+ 18,61 K, + 43,53 K,

sand

at r = 0.96.

Justification of the horizontal and directional
wells location

In many works, the geological structure influence on
the method for developing low-permeability reservoirs,
using both horizontal and directional wells, is noted.

To comprehensively assess the geological structure
influence on the well location, it is proposed to
conduct linear discriminant analysis with stepwise
inclusion of variables. The method allows for the
gradual introduction of variables into the model, one
by one, each time selecting the variable that
contributes the most to the discrimination [31-35].
As variables for the discriminant analysis, the
previously described geological characteristics of the
reservoir were used; therefore, the total volume of the
training sample consisted of 45 wells from the two
reference areas.

As a result of the analysis, the following model was
obtained, which includes two discriminant functions:

Rootl=-8.55+0.343- K +0.094- K +4.337 K_,

at R? = 0.593, x2= 25.98, p = 0.0002;

Root2=20.42-1.337 K, +0.269- K, +0.833 K,

at R* = 0.411, x*>= 7.77, p = 0.02.

The obtained functions are statistically significant,
as confirmed by the significance level and the 2
values. Based on the statistical parameters, it can be
concluded that the most statistically significant
function is Root 1, which is also evident in the graph
of the discriminant function roots.

Among all the directional wells, 94.1 % were
classified correctly, while the accuracy in horizontal
wells reaches 75 %, indicating a high reliability of the
obtained model.

As a result of the sequential inclusion of all
proposed geological characteristics in the discriminant
analysis, it can be observed that the equation is formed
on the sequential arrangement of the most significant
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geological  parameters influencing the  wells
classification. In the first step, the K, parameter is
included, followed by K., and K, [36, 37]. The
analysis performed allows us to statistically substantiate
the discrimination of wells into horizontal and
directional, based on their geological structure, and
also to classify the undrilled section (Fig. 10).

Within the forecast area, out of the 17 planned
wells, 6 were classified as horizontal and 11 as
directional based on the obtained linear discriminant
functions (Fig. 11).

On the presented map, two zones with different
probabilities can be identified. The first zone (p < 0.5)
corresponds to observations related to horizontal wells,
while the second zone (p > 0.5) is characterized by
observations related to directional wells. These zones
were determined on the posterior probabilities of well
classification, clearly demonstrating the probability
distribution for different types of wells in the studied
area [38-41].

Conclusion

The study presents a comprehensive research of
geological structure influence on the distribution and
flow rates of horizontal and directional wells, using the
low-permeability formation of the YUS2 of the
Fedorovskoye field as an example.

The results of the discriminant analysis showed
that the geological structure has a significant impact
on the well location. The most significant geological
characteristics influencing the location are the
porosity, permeability and sandiness of the
formation. Classification of wells by these parameters
allowed for dividing them into horizontal and
directional with high accuracy, confirming the high
model reliability.

Analysis of linear and multivariate regression
dependencies showed that the influence of geological
characteristics on oil flow rate varies significantly
across different flow rate ranges. For low-flow wells
(up to 20 t/day) the impact of geological structure is
minimal, whereas for medium-flow (20-26 t/day) and
high-flow (26-36 t/day) wells, it increases significantly.

References

b ‘- HcC n n 0 L

) u DW
- -.' n s -
1 . HW

T T T &

Recommended ° Recommended

® Hon
Horizontal wells W girectional wells horizontal wells

® Directional wells

Fig. 11. Posterior probability distribution map

In horizontal wells, sandiness proved to be the most
influential characteristic over the entire oil flow
rate range, while porosity and permeability become a
more significant factor at flow rates exceeding 40 tons
per day.

Multivariate regression analysis confirmed that the
most statistically significant parameters for determining
the oil flow rate in horizontal wells are porosity,
permeability and sandiness. In directional wells the
effective oil-saturated formation thickness also has an
effect. The constructed regression equations and the
analysis of accumulated correlation demonstrated the
high forecast ability of the obtained models with the
correlation coefficient of over 0.92 units for all oil flow
rates ranges in horizontal wells and more than 0.78
units in directional wells.

The conducted research justifies the comprehensive
approach to studying the geological structure of low-
permeability reservoirs for the rational field
development planning. The obtained results can be
used for oil flow rates forecast and selecting optimal
drilling locations, as confirmed by the high accuracy
and reliability of the developed models.
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