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 An increase in the productivity of wells at operational facilities is achieved through the use of various geological and technical 
measures. Hydraulic fracturing (HF) in production and injection wells is one of the effective methods for increasing oil recovery, 
involving low-permeability zones and interlayers in the development, a mechanism for a wider coverage of productive zones by
waterflooding, which makes it possible to convert part of off-balance reserves into commercial ones. According to experts, the 
use of hydraulic fracturing can increase the oil and gas recovery factor by 10-15%. The Perm Territory belongs to the old oil-
producing region of the Russian Federation. To date, more than 60% of the remaining recoverable oil reserves of the fields of the 
Perm region are concentrated in carbonate deposits. Most of the fields are currently in the late stages of development. These
fields, as a rule, are characterized by the presence of undrained zones with residual reserves and low well flow rates. Most of the 
remaining reserves of the fields are concentrated in low-permeability reservoirs with a high degree of heterogeneity and difficult 
fluid filtration. Unfortunately, the results obtained in practice do not always correspond to preliminary calculations and do not 
reach the planned oil production rates. In connection with the above, the problem arises of predicting the effectiveness of
hydraulic fracturing operations using mathematical methods of analysis. The effectiveness of hydraulic fracturing is undoubtedly 
influenced by both geological and technological parameters. In this paper, for the carbonate Kashirsky (K) and Podolsky (Pd)
productive deposits of one of the oil fields in the Perm region, using step-by-step regression analysis based on geological and 
technological parameters, a forecast of the initial oil production rate after hydraulic fracturing was made. Good agreement 
between model and experimental results is obtained.
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 Повышение продуктивности скважин эксплуатационных объектов достигается за счет применения различных геолого-
технических мероприятий. Гидравлический разрыв пласта (ГРП) в добывающих и нагнетательных скважинах является
одним из эффективных методов увеличения нефтеотдачи пластов, вовлечения в разработку низкопроницаемых зон и 
пропластков, механизмом более широкого охвата продуктивных зон заводнением, что позволяет перевести часть
забалансовых запасов в промышленные. По мнению экспертов, применение гидроразрыва пласта позволяет увеличить 
коэффициент извлечения нефти и газа на 10–15 %. Пермский край относится к старому нефтедобывающему региону 
Российской Федерации.На сегодняшний день более 60 % остаточных извлекаемых запасов нефти месторождений
Пермского края сосредоточено в карбонатных отложениях. Большинство месторождений в настоящее время находится
на поздних стадиях разработки. Эти месторождения, как правило, характеризуются наличием недренируемых зон с
остаточными запасами и низкими дебитами скважин. Большая часть остаточных запасов месторождений сосредоточена 
в низкопроницаемых коллекторах с высокой степенью неоднородности и затрудненной фильтрацией флюидов. К
сожалению, получаемые на практике результаты не всегда соответствуют предварительным расчетам и не достигают 
плановых дебитов нефти. В связи с изложенным встает задача прогнозирования эффективности операций ГРП с
помощью математических методов анализа. На эффективность ГРП, несомненно, влияют как геологические, так и
технологические параметры. В настоящей работе для карбонатных каширских (К) и подольских (Пд) продуктивных 
отложений одного из нефтяных месторождений Пермского края с помощью пошагового регрессионного анализа на
основе геологических и технологических параметров выполнен прогноз начального дебита нефти после ГРП. Получено 
хорошее согласие модельных и экспериментальных результатов.

 
© Assane Dieng (Author ID in Scopus: 58582524400, ORCID: 0009-0009-5450-1701) – Assistant at the Department of Oil and Gas Technologies (tel.: +007 (342) 219 82 07, 
e-mail: Diengassane90@hotmail.com). 
 
© Диенг Ассан – ассистент, кафедра «Нефтегазовые технологии» (тел.: +007 (342) 219 82 07, e-mail: Diengassane90@hotmail.com). 
 
 
Please cite this article in English as: 
Dieng Assane. Development of a statistical model for predicting the oil production rate after fracking by geological and technological indicators. Perm Journal of 
Petroleum and Mining Engineering, 2024, vol.24, no.3, рр.164-168. DOI: 10.15593/2712-8008/2024.3.7 
 
Просьба ссылаться на эту статью в русскоязычных источниках следующим образом: 
Диенг Ассан. Разработка статистической модели прогноза дебита нефти после гидроразрыва пласта на основе геолого-технологических показателей / Ассан 
Диенг // Недропользование. – 2024. – Т.24, №3. – С.164–168. DOI: 10.15593/2712-8008/2024.3.7 
 



PERM JOURNAL OF PETROLEUM AND MINING ENGINEERING 
 

НЕДРОПОЛЬЗОВАНИЕ 165

Introduction 
 

Perm Krai is an old oil producing region of the Russian 
Federation, most fields are at late stages of development. 
Today, more than 60 % of the remaining recoverable oil 
reserves of Perm Krai fields are concentrated in carbonate 
deposits [1]. Application of various geological and 
technical measures in producing wells is an effective 
method of obtaining additional oil production [2–8]. 

Hydraulic fracturing (HF) is an effective method of 
enhanced oil recovery. With the help of hydraulic 
fracturing technology, high well flow rates are achieved by 
significantly expanding the drainage zone and introducing 
remote and low-permeable areas to the development of 
reserves [9–27]. 

In connection with the mentioned above it arises the 
task of predicting the efficiency of hydraulic fracturing 
operations by mathematical methods of analysis [28–30]. 
The efficiency of hydraulic fracturing is undoubtedly 
influenced by both geological and technological 
parameters [31–45]. 

In the present work the forecast of the initial oil flow 
rate after hydraulic fracturing was carried out for 
carbonate Kashira (K) and Podolsk (Pd) productive deposits 
of one of the oil fields of Perm Krai with the help of step-

by-step regression analysis on the basis of geological and 
technological parameters.  

There are data on initial oil flow rate (Qn) after 
hydraulic fracturing and several geological and 
technological parameters for 22 wells. The following 
parameters were taken as parameters affecting the 
efficiency of hydraulic fracturing: geological parameters – 
porosity (Kp), permeability (Kpr), oil saturation (Kn), oil 
saturated thickness (hn), technological parameters – 
specific proppant consumption (qn), dissection (Kr), downhole clamping pressure (Pz) and pre-fracturing fluid 
flow rate (Qzh) (Table 1). 

Correlation coefficients (r) and levels of statistical 
significance (p) were determined for paired dependencies 
(Table 2). 

The table shows that the initial oil flow rate after 
hydraulic fracturing Qn, porosity and oil saturation correlate 
well with all parameters. At the same time, there are 
statistically significant relationships between: 

– clamping pressure at the face Pz with specific 
proppant consumption qn and dismemberment Kr;  – dismemberment Kp and specific proppant 
consumption ԛn; – specific proppant flow rate qn and oil saturated 
thickness hn. 

 
Table 1 

 

Ranges of variation and average values of sample parameters for Kashira and Podolsk deposits of Perm Krai 
 

Parameter Parameter variation range / average value
Initial oil flow rate after hydraulic fracturing, Qn, tons per day (7.5–4.4)/5.82 
Porosity, Kp, % (26.6–12.30)/17.69 
Oil saturation, Кn, % (74.0–59.0)/65.6 
Permeability, Kpr, 10-3 μm2 (91.41–3.2)/20.53 
Oil saturated thickness, hn, m (4.4–2.4)/3.42 
Specific proppant consumption, qP, t/m (10.43–5.31)/8.24 
Dismemberment, Кr, units. (4.0–1.0)/2.45 
Clamping pressure at the bottomhole, Pz, atm (245.0–120.7)/172.27 
Liquid flow rate before fracturing, Qzh, m3/day (4.0–0.5)/1.89 
 

Table 2 
 

Correlation matrix for sampling of Kashira and Podolsk carbonate deposits 
during hydraulic fracturing at wells in Perm Krai field 

 

Parameter Qn, 
ton/day Кp, % Кn, % Кpr, 10-3 mkm2 hn, m qp, t/m Кp, units Pz, atm Qzh m3/day 

Qn, ton/day 1 r = 0.7577 
p = 0.000 

r = 0.7595 
p = 0.000 

r = 0.7978 
p = 0.000 

r = –0.6168 
p = 0.002 

r = 0.5214 
p = 0.013 

r = 0.5011 
p = 0.018 

r = –0.6375 
p = 0.001 

r = 0.7189 
p = 0.000 

Кp, %  1 r = 0.7946 
p = 0.000 

r = 0.8716 
p = 0.000 

r = –0.6369 
p = 0.001 

r = 0.4752 
p = 0.025 

r = 0.5989 
p = 0.003 

r = –0.5797 
p = 0.005 

r = 0.5412 
p = 0.009 

Кn, %   1 r = 0.7509 
p = 0.000 

r = –0.4346 
p = 0.043 

r = 0.4650 
p = 0.029 

r = 0.5603 
p = 0.007 

r = –0.6226 
p = 0.002 

r = 0.5928 
p = 0.004 

Кpr, 
10-3 mkm2    1 r = –0.6028 

p = 0.003 
r = 0.3953 
p = 0.069 

r = 0.3720 
p = 0.088 

r = –0.5521 
p = 0.008 

r = 0.5344 
p = 0.010 

hn, m     1 r = –0.5901 
p = 0.004 

r = –0.3762 
p = 0.084 

r = 0.4081 
p = 0.059 

r = –0.2529 
p = 0.256 

qp, t/m      1 r = 0.4395 
p = 0.041 

r = –0.6653 
p = 0.001 

r = 0.3906 
p = 0.072 

Кr, units       1 r = –0.6700 
p = 0.001 

r = 0.2453 
p = 0.271 

Pz, atm        1 r = –0.4200 
p = 0.052 

Qzh, m3/day         1 
 

N o t e :  cells in the numerator indicate the value of the correlation coefficient, in the denominator – the level of statistical significance (p); 
statistically significant correlation coefficients for which p < 0.05 are highlighted in red. 
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Fig. 1. Dependences of initial oil flow rate after hydraulic fracturing with geological parameters: porosity (Kp), oil saturation (Kn), permeability (Kpr), oil saturated thickness (hn) 
 

 
 

Fig. 2. Dependences of initial oil flow rate after hydraulic fracturing with technological parameters: specific proppant flow rate (qP), dissection (Кр), downhole clamping pressure (Рz), pre-fracturing fluid flow rate (Qzh)  

 
 

Fig. 3. Correlation field of the modeled ( )Theor
nQ  

and actual (Qn) values of initial oil flow rate after hydraulic 
fracturing for wells of the Kashir and Podolsk wells carbonate 

deposits of the Perm Krai field 
 

For the parameters of the initial sample with high 
correlation coefficients and low levels of statistical 
significance correlation fields were constructed: for geological 
parameters (Fig. 1) and for technological parameters (Fig. 2). 

According to the values of correlation coefficients r of 
dependences of oil flow rate Qn on geological and 
technological parameters and the level of statistical 
significance p the degree of influence of these parameters 
on the initial oil flow rate after hydraulic fracturing is 
determined. 

Using regression analysis it is constructed a 
multivariate regression equation, in which the dependent 
variable is the model value of oil flow rate after 
hydraulic fracturing, and the independent variables are 
the sample parameters, for which the level of statistical 
significance p < 0.05. 

In general, the equation is written as follows: 
 

Qn
Theor = ao + a1 Кp + a2 Кn + a3 Кpr + a4 hn + 

+ a5 qp + a6 Кr + a7 Pz + a8 Qzh 

where а0, а1, …, а8 – regression coefficients determined by 
the least squares method.  

In our case, a multivariate equation was obtained for 
the whole sample by the method of stepwise regression 
analysis: 
 

Qn
Theor = 5.857–0.054 Кp +0.025 Кn + 

+ 0.011Кpr – 0.356hn – 0.028qp +0.126 Кp – 
– 0.002Pz +0.286Qzh. 

 
Comparison of model and actual values of oil flow rate 

after hydraulic fracturing is shown in Fig. 3.  
Absolute deviation of model values of initial oil 

flow rate from its actual values in the field is in the 
range from 0.006 to 0.511 t/day with the average 
of 0.219 t/d. 

Relative deviation is in the range of 0.11 to 10.90 % 
with an average of 3.97 %. 
 

Conclusion 
 

As a result of the performed research it was 
established that: 

1. The value of initial oil flow rate after hydraulic 
fracturing in Kashira and Podolsk carbonate deposits 
of one of the fields of Perm Krai is mainly influenced 
by geological parameters – porosity, oil saturation, 
permeability, oil saturated thickness and technological 
parameters – specific proppant flow rate, partitioning, 
downhole clamping pressure and pre-fracturing fluid 
flow rate. 

2. The proposed method allows using the geological 
and technological parameters of the object to predict 
the value of the initial oil flow rate after hydraulic 
fracturing. 
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