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THE EFFECTIVENESS OF HYDRAULIC FRACTURING AT THE FIELDS 
WITH A ROW SYSTEM OF WELL LOCATION

ABSTRACT. This article contains the analysis of the impact of length, orientation and 
direction of hydraulic fracture cracks of finite conductivity on the effectiveness ofoil recovery 
from the oil fields with a row system of well location. The analysis is based on the 3D 
hydrodynamic model of two-phase filtration. It is shown that cracks orientation in producing 
wells of a uniform reservoir has little effect on the final oil recovery efficiency. Hydraulic 
treatment in the second row of producers is characterized by more rapid distribution of the 
high reservoir pressure created by injectors across the area. For this reason, water breakthrough 
towards the producers of the first row is more rapid. At the same time the hydrofracking 
treatment in the second row ofproducers results in intensified oil production (oil production 
rate). Hydraulic fracturing performed in the first producing row would result in slower 
movement of the injected water and more effective reservoir depletion. Thus, the higher value 
offinal oil recovery efficiency is achieved by hydraulic fracturing in the first producing row. 
Hydraulic fracturing in the second producing row is the most effective type of stimulation in 
terms of oil production rate.

KEYWORDS. Multiphasefiltration, hydraulic fracturing, reservoir simulation, numerical 
methods

One of the issues of designing the systems of oil field development using hydraulic 
fracturing is the issue of optimal location of cracks as regards other wells of producing 
and pressure types. This issue was addressed in a number of publications [1, 2, 3, 4, 
5,6 7, 8]. Forexample, in N. A. M ousli’s research [1] based on the Studyofacomplex 
of two wells one of which has an ideal crack, it is shown that if the crack length is 
less than half the distance between two wells, its influence on the neighbouring well 
is negligibly small. Long X. Nghiem [2] shows that in the inverted five-spot pattern 
with the ideal hydraulic fracture crack in the injector well the best oil displacement 
results are obtained when the crack is vertical to the displacement front. V.M. Entov, 
V.V. Murzenko [3], V.V. Murzenko [4] on the basis Ofhomogeneous fluid stationary 
filtration model analyse the influence of hydraulic fracture crack of infinite conductivity 
on the effective well productivity in three-row, five-spot and nine-spot schemes of 
well location and show that in any case the maximum efficiency is achieved if all 
wells are hydro fractured. R.D. Kanevskaya had a series of publications [5,6] dwelling 
on the effect hydraulic fracturing has on interference in intermitting well spacing 
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systems: five-, seven-, nine-spot or three-row. The research studies the homogeneous 
liquid stationary filtration model; to model a crack we introduced some reduced well 
radius. The results indicate that the effectiveness Ofhydraulic fracturing, i.e. the highest 
flowrate, is greater when it is used at the pressure wells only, than when it is also used 
at the producing wells. D.R. Deriglazov et al. [7] studied frontal advance of water-oil 
displacement in the three-row symmetry element with hydraulic fracturing at the 
producing wells. The authors showed that cracks in the first producing row in some 
circumstances can lead to premature water encroachment. N.S. Piskunov’s research 
[8] examines the influence of hydraulic fracturing in the field with a certain 
production system on the effectiveness of oil recovery. Along with it, it is discussed 
an important design issue, that is the issue of how hydraulic fracturing influences 
spacing of wells.

This brief overview of the relevant research reveals some fundamental 
disagreements in their results and conclusions [2], [5], [4]. Besides, the majority of 
the current research is limited to stationary flow of homogeneous fluid and well 
productivity analysis. At the same time the influence of length, orientation and direction 
of hydraulic fracture cracks with regard to other wells in the conditions of non- 
Stationary multiphase filtration on the oil recovery factor and on intensification of oil 
production remains under-researched. To tackle this issue, the current research studies 
the role of cracks length and direction in oil recovery.

We also study interference in the three-row well spacing system, which consist 
of two rows of injectors and three rows of producing wells (Fig. 1).

Fig. 1. General scheme of computational domain

∖∕- injector well, 
Φ- first row producing well, 
■ - second row producing row

Table 1 demonstrates 20 different variants
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Calculated variants scheme
Table 1

Azimuth
Length L=VlR L = HS R L = ¼ R L = 1/8 R

0 1 6 11 16
30 2 7 12 17
45 3 8 13 18
60 4 9 14 19
90 5 10 15 20

The computational grid was rotated by 45° to avoid the influence of orientation. 
The filtration model has the following parameters:
1. Two-phase (oil, water) 3D model of reservoir 49x49x5 boxes.
2. Occurence depth 2000 m.
3. Box size 50 x 50 x 0.5 m.
4. Porosity 0.15.
5. Sand content 1.
6. Permeability 100 mD.
7. Initial conditions:

• Pressure 200 atm.
• Water saturation 0-0.5 units.

8. Hydraulic fracture cracks parameters:
• Crack opening 5 mm.
• Crack permeability 35 D.

9. Producing wells operate under BHP control (100 atm).
10. Pressure wells operate under BHP control (300 atm).

Calculations are based on the model developed in [9], which is implemented into 
software programme [10]. The calculations prove that in the three-row well spacing 
system orientation of cracks has little influence on the effectiveness of surrounding 
wells, the value of the final oil recovery factor varying only in the third and fourth 
digit after the decimal point (Fig. 2).

0.400
0.395
0.390
0.385

о 0.380
J5 0.375

Fig. 2. The influence of hydraulic fracture cracks orientation and length 
on the oil recovery factor
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Below there are some results of numerical solution to the water-oil displacement 
problem of the three-row well spacing system, with hydraulic fracturing used in all 
producing wells. Namely, Figs. 3—4 compare the dynamics of oil production and water 
cuttings from the first row of producing wells.

Fig. 3. The oil production dynamics from the first producing row at different azimuth of 
hydraulic fracture cracks

Fig. 4. The dynamics of water cuttings from the first producing row at different azimuth of 
hydraulic fracture cracks

Figures 5-6 contain data to compare zones of hydrocarbon saturation at 97% of 
water encroachment in the first row.
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Fig. 5. Oil saturation distribution

Crack azimuth 0° (a), crack azimuth 90o (b), crack length L = ½ R 

χ —pressure well,
B—first row producing well,
B —second row producing row

The issue Ofhydraulic fracturing effectiveness in producing rows of the three-row 
system seems to be more important. R.D. Kanevskaya [11], for example, argues that 
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the use Ofhydraulic fracturing in the first-row producers is more effective than in the 
second-row producers. We have considered 20 different combinations of well spacing 
and hydraulic fracture cracks length (Table 2).

Table 2
Calculated variants scheme

Number of fractures_______ _______
-------------- ------ LengthL=HlR Γ=2∕5R Zy=l∕4R Zy=l∕8R

No fracture basic variant 0 0 0 0

Hydraulic fracturing in all wells 1 6 11 16

Hydraulic fracturing in all producing wells 2 7 12 17

Hydraulic fracturing in the second-row producers 3 8 13 18

Hydraulic fracturing in the first-row producers 4 9 14 19

Hydraulic fracturing in all pressure wells 5 10 15 20

Calculations based on the models prove that hydraulic fracturing used in the first 
producing row is more effective in terms of oil flow rate; this variant does not involve 
rapid frontal advance of water-oil displacement from the pressure wells to the central 
row of producing wells unlike the variant with fracturing in the second row. Fracturing 
in the second row leads to decline in the reservoir pressure between the rows of 
producing wells and rapid water advance to the second-row wells which prematurely 
encroaches the first-row wells (see Fig. 6).

Fig. 6. The influence of hydraulic fracture cracks location and length 
on the oil recovery factor

Figure 7 illustrates that the scenario with hydraulic fracturing in the first-row wells 
has a higher oil recovery factor, but the intensification effect (oil production rate) is 
higher ifhydraulic fracturing is used in the second-row wells rather that in the first- 
row wells.
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Fig. 7. Cumulative oil production at different cracks location 
in the wells of the three-row system

In case hydraulic fracturing is used in all the wells these two positive effects are 
combined, i.e. both the oil recovery factor (as with fracturing in the first row only) and 
the oil production rate (as with fracturing in the second row only) are increased.

Fig. 8. Oil saturation distribution

Hydraulic fracturing in the first-row wells (a),
O - pressure well,

® first-row producing well,
■ - second-row producing row
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Fig. 8. Oil saturation distribution

Hydraulic fracturing in the second-row wells (b),
O - pressure well,

B- first-row producing well,
B - second-row producing row

Figures 8 (a), (b) show oil saturation distribution for scenarios that involve 
fracturing in the first and in the second rows respectfully at 97% of water encroachment 
in the first-row wells.

The above maps of oil saturation distribution prove that fracturing in the second 
row speeds up the frontal advance of water displacement more effectively than 
fracturing in the first row, at the same time it also increases the amount of residual oil 
in the first-row wells area.

Taking into account that the effects from fracturing usually last for 1 -4 years [12], 
of all the scenarios considered, fracturing in the second-row wells is the most effective 
one.

Conclusion
Vertical cracks orientation in the producing wells of a homogeneous reservoir 

with the three-row well spacing system of production has almost no influence on the 
final oil recovery efficiency.

The higher value of the final oil recovery efficiency is achieved by hydraulic 
fracturing in the first producing row.

Hydraulic fracturing in the second producing row is the most effective type of 
stimulation in terms of oil production rate.
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