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An analysis was made of the development of sections of the D3ps formation of the Devonian terrigenous 
sequence of the Shkapovsky field, with a share of contact zones of more than 78 %, which showed that the 
exploitation of deposits by vertical and deviated wells is unprofitable. Studies show that the development 
of reserves at the facility occurs along highly permeable interlayers located in the plantar. The construction 
of sectoral geological and hydrodynamic models showed a detailed distribution of residual oil reserves by 
area and section in areas with low production values.

When analyzing the parameters of the operation of wells with horizontal completion, it was found that 
the selection of mobile oil reserves localized in a volume limited by the plane of the initial oil-water contact 
and the surface formed by the rise of the oil-water contact when pulling the water cone to the wells with 
horizontal completion is comparable with the period of reaching a water cut of 95 %. The volumetric method 
was used to calculate the moving oil reserves in the area of ​​water cone formation. It is recommended to drill 
wells with horizontal completion as an effective method of additional production of residual oil reserves in 
fields with similar geological and physical conditions.
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A review of the literature related to the analysis of 
oil fields development in Russia (Baymukhametov et al., 
2005; Mukhametshin, 2017, 2018; Mukhametshin et al., 
2018) shows that most of the oil deposits concentrated 
in terrigenous reservoirs are at a late stage. Terrigenous 
Devonian sediments confined to the South Tatar Arch 
are among them. A striking representative of this group 
of objects is the Shkapovsky oil field. The objects of 
development of the Devonian strata are characterized 
by high values ​​of the oil recovery factor (ORF) – more 
than 0.5, and high water cut – more than 97.5 %. 
Analysis of oil reserves by section and area, allocation 
and localization of residual oil reserves at a late stage 
of development will allow replicating this experience 
in other large and unique oil fields. The priority task of 
research in this area is the justification of technological 
solutions to increase the degree of development of 

mobile oil reserves in the current economic conditions.
Eight development facilities have been identified at 

the Shkapovsky field. The main objects of the Devonian 
terrigenous strata are D3ps and D2vor-ard layer. They 
account for 97.5 % (reservoir D3ps – 61.7 %, reservoir 
D2vor-ard – 35.8 %) of the initial recoverable oil 
reserves of the field.

The D3ps layer is characterized by high reservoir 
properties: porosity – 20 %, permeability – up to 0.4 μm2. 
The reservoir is saturated with low viscosity oil, with 
high gas content and saturation pressure of oil with 
gas. The design value of the recovery factor is 0.554. 
The geological structure of objects, the facies features 
of development, the physicochemical properties of the 
fluids saturating them are described in sufficient detail 
in the scientific literature (Baymukhametov et al., 2005; 
Lozin, 1971; Andreev et al., 1996; Lozin et al., 2017). 
The selection from the initial recoverable reserves 
for Devonian terrigenous objects is more than 95 % 
with the current water cut of more than 97.7 %, which 
indicates a high degree of oil reserves development. 
Under the conditions of the Shkapovsky field, the main 
reason for the decrease in the current profitability of the 

*Corresponding author: Ilgizar N. Khakimzyanov
E-mail: khakimzyanov@tatnipi.ru

© 2019 The Authors. Published by Georesursy LLC 
This is an open access article under the CC BY 4.0 license 
(https://creativecommons.org/licenses/by/4.0/)



Optimization of reserve production from water oil zones…                                                                                                                                  R.F. Yakupov, V.Sh. Mukhametshin, I.N. Khakimzyanov, V.E. Trofimov

GEORESOURCES   www.geors.ru56

development is the high current oil-water factor. The 
selection of a large volume of water requires the cost of 
transportation, preparation and injection of associated 
produced water.

The aim of the study is to search for technological 
solutions that will ensure the achievement of the 
approved oil recovery factor, taking into account the 
main conditions – the selection of residual oil reserves 
and the profitability of oil production.

It is necessary to solve a number of problems to 
achieve the goal of justification of measures to gain 
project ORF subject to profitability:

- analysis of technological indicators of oil reserves 
in water-oil zones and areas of the terrigenous sequence 
of the Devonian sediments, geological and field analysis 
for the localization of concentration areas of residual 
oil reserves;

- review of the technologies used and the justification 
of the method of increasing the degree of development 
of the water-oil zones;

- evaluation of the effective introduction of technology 
based on the parameters of the wells, calculation of 
technical and economic indicators of developing deposits 
using the proposed technology.

Methods for solving the tasks are defined in 
accordance with the field of research. Hydrodynamic, 
field and geophysical studies were carried out using 
standard equipment. The objects of research were 
production and injection wells of the Shkapovsky oil 
field.

The indicators of oil reserves in the field indicate the 
high technological efficiency of the field development 
system. Development has been ongoing since 1955. 
The first well to start operating the D3ps facility is well 

No. 3ShKA with an initial production rate of anhydrous 
oil of 52.7 tons/day. Subsequently, the D3ps reservoir 
was drilled along a 400 × 400 m grid, 730 wells were in 
oil operation and 216 wells were in production. Since 
1956, artificial flooding was implemented at the facility. 
The experience of more than 60 years of development 
has proven the high efficiency of the waterflooding 
system. The increase in fluid withdrawals, the gradual 
phased intensification of technological parameters, 
combined with the strengthening of the water flooding 
system, allowed from 1955 to 1970 maintaining annual 
oil production at more than 5 million tons. During this 
period, 118.1 million tons were selected, which is more 
than 75 % of the current accumulated production in the 
field.

The dynamics of oil production can be considered 
classical, in which all four stages of development are 
clearly distinguished. For deposits of such sizes and 
reserves, maintaining a high level of oil production for 
a long time was correct, reasonable and indicates the 
effectiveness of development technology. The strongest 
evidence of the validity of the conclusion about the 
effectiveness of implemented development system is 
high oil recovery; the current ORF for the D3ps object 
is 0.536 (Baymukhametov et al., 2005; Lozin, 1971; 
Andreev et al., 1996; Lozin et al., 2017; Borisov et al., 
1964; Chekushin et al., 2015). Fundamental decisions 
were made such as the drilling of water-oil zones and 
their separation from the main deposits by rows of 
injection wells.

In the process of strengthening the waterflooding 
system with rows of injection wells, seven blocks 
were allocated for the D3ps object (Fig. 1). The blocks 
were characterized by different sizes of oil-saturated 

Fig. 1. D3ps reservoir block diagram
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Fig. 2. The injectivity profile in the D3ps formation

thicknesses, the presence of water-oil zones, pure oil 
zones (ChNZ). High values ​​of current recovery factor 
(0.603-0.646) were achieved for blocks in the central part 
of the D3ps reservoir, which is due to overflow between 
blocks. Their formation by cutting rows of injection 
wells was completed only in 1978, i.e. 23 years after 
the start of development.

To solve the problem of localization of residual oil 
reserves concentration zones, the analysis of geological 
and field information was carried out, mapping was 
completed, and the development of oil reserves from 
geographically isolated areas of the reservoir was 
assessed (Fig. 1). When selecting the sites, the stages of 
drilling, formation of a system for maintaining reservoir 
pressure, the current state of development, and also 
the features of the geological structure were taken into 
account. However, such a division did not allow the 
correct localization of pure oil zones due to possible oil 
flows between the blocks during the formation of the 
facility development system.

For this reason, a transition was made to larger cells 
for analysis – for water-oil zone and pure oil zone. Pure 
oil zones are localized in the central part of the object 
and are characterized by the highest geological and 
physical characteristics. The total oil-saturated area is 
183,297 thousand m2, while the share of pure oil zones 
is 22 % of the area, and the share of pure oil zone is 

78 %. The well grid is most densely drilled in pure 
oil zones – 11.3 ha/well, while specific oil production 
reached 162 thousand tons/well. The density of the grid 
of wells in pure oil zone is 24.5 ha/well, the specific oil 
production is 120.0 thousand tons/well. The cumulative 
oil production of the object as of 01.01.2017 is 99924 
thousand tons, of which 50619 thousand tons (50.6 %) 
at the water-oil zones. 

The evaluation of production coverage along the 
section is carried out. An oil saturated reservoir of the 
D3ps facility was identified in 1,076 wells, of which 
725 were in production. The degree of opening of 
oil-saturated thickness by perforation is not high; the 
average for the facility is 0.6 units, which is associated 
with significant water-oil zones.

To control the production in the wells of the facility, 
62 studies were carried out to determine the inflow 
profile and 769 studies to determine the injectivity 
profile. Coverage of the mining fund by research 
amounted to 10 %, and injection – 87.4 %.

For producing and injection wells, the results of 
field geophysical studies were analyzed, for example, 
the coefficient of operating layers, defined as the ratio 
of operating layers to the perforation interval, averaged 
84 % (Fig. 2). The leading production of the middle and 
lower parts of the reservoir has been identified, which 
is associated with higher reservoir properties. Studies 
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conducted to determine the residual oil saturation and 
inflow intervals indicate the development of reserves 
in highly permeable interlayers located in the bottom.

Fundamental decisions on the rational additional 
development of deposits of a large oil field by 
horizontal sidetrack wells are presented in (Lozin et al., 
2017; Chekushin et al., 2015; Rogachev et al., 2018; 
Khakimzyanov et al., 2011; Bin Liu et al., 2013 ; Chen 
Huabin et al., 2016; Hector Ngozi Akangbou et al., 
2017; Márton L. Szanyi et al., 2018; Moudi Al-Ajmi 
et al., 2017).

To solve the problems posed, we constructed sectoral 
geological and hydrodynamic models that allow us to 
detail the distribution of oil reserves over the area with 
low production values ​​and to evaluate localization by 
section taking into account the accumulated volume of 
geological and field information (Fig. 3).

According to the results of the calculations, a 
number of advantages were identified from the use of 
horizontal sidetrack wells with respect to the previously 
implemented development system with the drilling of 
directional wells:

- the productivity of horizontal sidetrack wells is 
5 times higher compared to the directional wells; in 
conditions of active inflow of bottom water, a multiple 
decrease in depression is possible in order to prevent 
cone formation and watering of wells; 

- drainage of a 3 times larger area entails a multiple 
large cumulative production over the forecast period;

- installation in the upper parts, relatively low 
permeability zone allows effectively developing non-

draining reserves during the development of the object 
by horizontal sidetrack wells. 

Together, these factors lead to an increase in 
cumulative well production at comparable drilling costs, 
which increases the cost-effectiveness of drilling and 
operating wells with horizontal completion.

The statement about the localization of oil in the 
bedside zone and upper low-permeability interlayers 
was confirmed by the results of the drilling of pilot 
conventionally horizontal sidetracks for the horizontal 
sidetrack wells (Fig. 4).

The technical implementation of the conventionally 
horizontal sidetracks installation in the corridor, limited 
by a thickness of up to 3 m, became possible with the 
help of modern navigation equipment.

In total for the period 2012-2018 three horizontal 
sidetrack wells were drilled into the water-oil zones 
of the D3ps layer. All wells are characterized by 
significant initial oil production rates (28-82.6 t/day). 
The performance indicators of the wells are presented 
in table 1.

The current oil production rate per well is on 
average 8.2 tons/day, with a water cut of 98.3 %. The 
main factor in the reduction of oil production during 
operation for all horizontal sidetrack wells is the increase 
in water cut. Monitoring the profitability of exploited 
drilled open-cast mining shows a positive value, which 
confirms the initial calculations of the effectiveness of 
the enterprise’s investment in drilling open-cut deposits 
in the Shkapovsky field.

Fig. 3. The calculation results of localization of pure oil zones 
in the reservoir D3ps (01/01/2013)

Fig. 4. The estimation results of oil saturation from the section 
of the D3ps formation in the pilot conventionally horizontal 
sidetrack well No. 1611l1

Table 1. Performance indicators of new horizontal wells

Number
of well 

Year
of input 

Oil production rate, t/day Water production 
rate, t/day  Water cut, %  Cumulative production, 

thous. t 
Initial  Current      of oil  of water  

1611G 2014 82,6 7,5 441 540 78,4 98,6 15,7 641,5 

1530G 2015 28,5 7,4 889 472 96,3 98,0 10,6 681,9 

1514G 2015 36,8 9,8 551 613 92,3 98,4 14,7 550,9 
The average 
for one well  49,3 8,2 627,0 541,7 89,0 98,3 13,7 624,8 

Initial Current Initial Current
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Fig. 6. Distribution of oil saturation as a result of the formation of a water cone for conventionally horizontal sidetracks and 
horizontal sidetrack wells

Table 2. The calculation results of mobile oil reserves in the volume of cone formation of well No. 1611G of the Shkapovsky field

Number
of well  

Size of the 
cone base, m  

Geometric volume
 of the water cone  

thous. m3 

Porosity  
un. fr. 

Кнн,  
un. fr. 

Кпер, 
un. fr. 

Density
of oil, t/m3 

 

Geological 
reserves, thous. t 

Moving oil 
reserves  
thous. t 

1611G 
20 7,7 

0,20 0,88 0,901 0,863 
1,1 0,7 

40 15,5 2,1 1,4 
60 23,2 3,2 2,2 

Fig. 5. Scheme of raising the surface of the oil and gas complex 
in the drainage zone of the horizontal sidetrack wells

It is obvious that a depression funnel is formed in 
the first days of operation in the drainage zone of the 
horizontal sidetrack wells drilled in the oil-water zone 
of the formation (Fig. 5). 

The time to reach the maximum water cut is 
determined by the period necessary for the selection of 
oil reserves localized in a volume limited by the plane 
of the initial oil-water contact and the surface formed 
by the rise of the oil-water contact during the formation 
of the water cone. The volumetric method was used 
to calculate the moving oil reserves taken during the 
distribution of a water cone with a base of 20, 40, 60 m. 
The geometric volume of the water cone was calculated, 
and mobile oil reserves in the volume of the cone were 
obtained. The table 2 shows the calculation results for 
horizontal sidetrack well No. 1611G of the Shkapovsky 
field 300 m long drilled in the roof of the oil-saturated 
part of the reservoir with a thickness of 3 m.

It can be assumed that when the water cone is raised, 
the water cut of the well production from conventionally 
horizontal sidetracks will be more than 95 %. This is 
confirmed by field data for horizontal sidetrack well 

No. 1611G. The accumulated oil withdrawal when 
reaching a water cut of 95 % amounted to 2.2 thousand 
tons. Thus, we can assume that the size of the cone base 
is 60 m. 

The calculations performed on sectoral hydrodynamic 
models of Devonian formations made it possible to 
evaluate the effectiveness of horizontal sidetrack 
wells and conventionally horizontal sidetracks on the 
Devonian waterfields of the Shkapovsky field. 

Figure 6 shows the distribution of oil saturation in 
the near-wellbore area as a result of the formation of a 
water cone with an oil-saturated capacity of 12 m for a 
horizontal and vertical method of well completion when 
oil production reaches 10 thousand tons.

Thus, it can be concluded that drilling in the 
geological conditions of the Devonian sediments 
of the Shkapovsky field reduces the rate of cone 
formation, which positively affects the accumulated 
well production.

As calculations performed on sectoral geological 
and technological models have shown, the value of 
the predicted cumulative oil production should be 
50 thousand tons. Thus, the expected indicators of 
cumulative oil production are at the minimum level 
to ensure profitability under current macroeconomic 
conditions.

To compare the effect of drilling horizontal sidetrack 
wells at the Shkapovsky field, we analyzed the operation 
of analogous wells drilled under similar geological 
conditions at the Troitsky, Belebeyevsky and Znamensky 
fields at the D3ps and D2vor-ard strata. The performance 
indicators of oil production at the considered wells are 
presented in Fig. 7. 
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The dynamics of the wells of the Shkapovsky field 
and analogous wells are identical and are characterized 
by high starting oil production rates of 87 and 101 
tons/  day, respectively, as well as a further sharp 
decrease due to the pulling of bottom water. The rate 
of decline in oil production in the first year is 77 and 
84 %, respectively.

Evaluation of the technological effectiveness of 
the proposed solutions was performed on the D3ps 
development site of the Shkapovsky field as a whole 
using a hydrodynamic model. The calculations show 
significant unprofitable values ​​of profitability in the full 
implementation of the drilling project well stock of the 
Devonian objects of the Shkapovsky field for residual 
oil reserves.

The development option for the D3ps layer with 
drilling of 12 horizontal sidetrack well and production 
of 50 thousand tons per well, compared with the option 
to implement 21 directional wells and production of 20 
thousand tons per well, ensures that the maximum oil 
recovery factor of 0.55 days is achieved at the objects 
and an increase in accumulated net present value by 871 
million rubles for the design period of development. 

As a prospect, it is proposed to introduce a method 
of additional production of residual oil reserves at the 
development sites of the Devonian terrigenous strata of 
deposits associated with the South Tatar Arch, such as 
Serafimovsky, Tuimazinsky, and Abdulovsky. According 
to preliminary estimates, the volume of implementation 
of the method in deposits with underlying water is more 
than 100 wells.

Summarizing the results of the study allowed us to 
make the following conclusions:

1. Analysis of oil reserves in the D3ps formation by 
area and section based on the data of geological field 
analysis revealed faster production in the middle and 
lower parts of the formation, which is associated with 
higher reservoir properties, and the localization of pure 
oil contact in the upper part of the formation.

2. The construction of sectoral geological and 
hydrodynamic models showed a detailed distribution 

of residual oil reserves by area and section in areas 
with low production values. Well drilling confirmed the 
initial findings.

3. It was revealed that the selection of mobile oil 
reserves localized in a volume limited by the plane of the 
initial water-oil contact and the surface formed by raising 
the water-oil contact when the water cone is pulled up 
to the horizontal sidetrack wells is comparable with the 
period of reaching the water cut of 95 %. The volumetric 
method was used to calculate the moving oil reserves in 
the area of ​​water cone formation.

4. The performance indicators of the horizontal 
sidetrack wells of the Shkapovsky field are comparable 
to the horizontal sidetrack wells drilled at the objects of 
the analogous deposits, and are characterized by high 
(up to 82 t/day) starting oil production rates. A negative 
factor is a sharp decrease in oil production due to pulling 
the bottom water. The rate of decline in oil production 
in the first year is more than 70 %. 

5. The calculations of the development options for 
the D3ps formation show that the maximum oil recovery 
factor is achieved by drilling 21 horizontal sidetrack 
wells and specific oil production of 50 thousand tons 
against 12 directional wells with specific oil production 
of 20 thousand tons. The use of horizontal sidetrack 
wells increases the accumulated net present value by 
871 million rubles for the design period of development. 

6. It has been proposed at fields similar in geological 
and field characteristics that drilling of the horizontal 
sidetrack wells as an effective method of additional 
production of contact oil reserves. 

An important task is the scientific substantiation of 
the rational pace of additional development of water-
oil zones by means of horizontal sidetrack wells by 
optimizing the technological modes of operating these 
wells and their placement, allowing to ensure the 
profitability of the extraction of pure oil zones.
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