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Abstract. With the depletion of light oil stock, the heavyghiviscosity oil stock is rising. In
this regard, there appear the technologies allowarrovide industrial levels of high-viscosity
oil extraction. Therefore, the research of effextmethods of developing heavy high-viscosity
oil pools is one of the important development dimets in the oil industry. One of the most
cost-effective technology is non-stationary wateéling (NW). There are currently not so
many examples of using the technology of non-statip waterflooding at the HVO pools.
This is due to the fact that waterflooding as aelgyment method has low efficiency at the
HVO pools. The obtained results, based on modell#hgpwed that the technology of non-
stationary impact is quite effective.

1 I ntroduction

Non-stationary waterflooding is a common enhangkegkeoovery technology, which allows increasing

the impact coverage in developing heterogeneousgmrility reservoirs. Implementation of non-

stationary waterflooding is quite simple and doesnequire any additional costs, and the impact of
this technology is significant. Therefore, thisheology is widely used in the development of oil

fields. To date, we have accumulated large expegiem the application of non-stationary

waterflooding in different geological and technatag conditions.

Under non-stationary impact (for example, cyclidevanjection) there appear pressure gradients,
triggering intense flows of reservoir fluids, betmehydrodynamically coupled collector layers with
different permeability. Thus, the NW technologyoals involving oil stocks in the filtering process
which are concentrated in the non-draining formratzones, thereby increasing the impact coverage
ratio [1]. The NW efficiency is provided by two maprocesses — the accumulation of water in low-
porosity and low-permeability reservoir layers énel further capillary hold-up effect.

2. Methods and materials

The results, obtained and discussed in the artiake, justified through the application of

hydrodynamic simulators, tested and recommendedufing in the petroleum industry. When

processing the field data, the well-known and proweethods of analysis through computers were

widely used. The developed recommendations passdeésting with positive technological effect.
The results presented in this paper were usedannpig and implementing programs of non-

stationary waterflooding at the Shumovskoye field.
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3. Results and discussion
Let us consider the results of the implementatibnom-stationary waterflooding at the Shumovskoye
field [2].

There are several reasons among others for chotigsfield for the application of non-stationary
waterflooding. Firstly, an oil-saturated field regsr has significant zonal and stratified hetemogjéy
of the permeability field. Secondly, oil pools wexgerated in the depletion mode for a long peribd o
time which has led to significant changes of propsrof reservoirs and reservoir fluids. This,un,
contributed to the increase in heterogeneity of rservoir systems. Thirdly, the currently used
waterflooding system of the main object under thgetbpment, the Verey horizon, is built on the
principle of four-point (seven-point converted) t®ys for placing production and injection wells, leac
injection well is located in the centre of a regulaxagon formed by the production wells. In adaifi
each production well is located in the centre a thiangle formed by injection wells. Fourthly,
stationary waterflooding of the reservoirs of Vetegrizon and Bashkir tier led to a progressive
flooding of the production wells. All of this makéke oil pools data an object for applying non-
stationary waterflooding.

The Shumovskoe field is confined to the dome-shdpadhianticlinal fold of the North-Eastern
stretch. Its size on the roof of Verey depositd1ig6 km. The field includes industrial oil-bearing
deposits of the Yasnaya Polyana superhorizon, Meoseca Samara tiers. In the Bashkir tier, there are
also the layers of oil-saturated limestone. Thiel fadl is thick and viscous.

In the frame of the Verey horizon, there are twodpictive oil-saturated formations — V3 and V4.
In the frame of the Bashkir tiers, there are aldocated two oil-saturated formations — BSh1l and
BSh2.

The distribution of formation and bottom hole prees among existing production wells showed
that the half of the wells of the Verey horizon wavith the formation and bottom hole pressures at
the level below the oil-gas saturation pressurespide the fact that the accumulated compensation of
liquid extraction by water injection at both opéngtfacilities has reached 77-78 %, the locatiothef
majority of wells in areas with formation pressubetow the oil-gas saturation pressure indicates po
performance of water injection, from the point ofintaining formation pressure in a highly
heterogeneous reservoirs of Verey horizon and Basbk

In 39% of the Verey horizon injection wells and 73% of the Bashkir tier injection wells,
perforations opened only one of the two layers. akpptly, in the layers that were not opened by
perforations in the injection wells but perforatadhe development wells, there occurs a decrease i
the formation pressure below the oil-gas saturgti@ssure which in turn lessens the performance of
these layers to compare with the perforated ondsaanelerates the process of water encroachment
through the perforated layers. Perforation inteyvaded adjusting in the injection (primarily) amd i
development wells [3, 5].

In practice, cyclic waterflooding is implementedtliwisymmetrical cycles of work/idle of the
injection wells. To reduce the fluctuation of CP&e tauthors offered the original scheme that
simultaneously implements NW at two developmengdts. The essence of the scheme was that
cyclic water injection was carried out alternatatytwo targets in antiphase. Thus, when the irgaecti
wells of Verey horizon stopped, all the water wasnped into the injection wells of Bashkir tiers.
Conversely, when the injection wells of Bashkirgistopped, the injection wells of Verey horizon
started functioning, and all the water flowing thgh the CPS was pumped into the layers of Verey
horizon. The duration of the cycles was justified@ding to the Well Testing data and amounted to
15 days.

Application of the NW technology was carried outridg the period between March and
November 2006 [1, 4, 8].

Evaluation of the operational benefit of using NW the heavy oil pools was carried out on the
basis of the characteristics of the displacemearadtteristic (DC), although the conditions of the
method application are performed only for the Veheyizon (water content more than 65-70%).
Evaluating DC for Bashkir tier showed a good linealationship in coordinates f ((X(1/Qiquid))
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(Kambarov method)therefore, the evaluation of the benefit was cotell on the basis of tt
displacement characteristic.

The estimation of the operational benefit of usiag-stationary waterflooding at Shumovskc
field showed the high effectiveness of the techgyl(figure 1). For 9 months of using the NW, -
operational benefit amounted to 10.7 thousand flamthe Verey horizon wells, to 10.4 thousand t
of additional oil produced for Bashkir tiers welthe total benefit amounted to 21.1 thousand tal
19.3% of the total oil production at the two developmeargets over the period of using -

technology.
1420000 1260000
1400000 A 1240000 N —base "
1380000 \\ —bhase— 1370000 \\ —NW -
1360000 —NW 1300000 \

AN

= 1750
13000 \ el i)
1280000 T T 1 1220 T T T 1
b.OEO7 b SEOF FA Sir) T5EOF o O0E-O7F L 5E-O07F b OE-O7F b SE-OF FTOEOF
1/Qiquidv 1/1 l/Qiquidv 1/1
a b

Figure 1. Displacement characteristics by Kambarov to eveltia benefit of cycliwaterflooding in
the conditions of the Verey himon (a) and Bashkir tiers (

Application of the NW technology at the h-viscosity oil pools has shown its reeffectiveness.

The established ideas about the development of HY@s disturb the search for new approac
that can significantly increase the effectivenelsexisting development systems. In this respect
should note that according to the obtained reshisstechnology is an effective method of enhan
oil recovery at the highiscosity oil pools [7, 9, 1C

4. Conclusion

Currently, there are not so many examples of the &fMication in the development of h-viscous
oil pools. We reviewed the results of NW application at the HVO pools of Shumovskoyedij
Perm region. With oil viscosity of about 30 cPs andhixed fissure pore reservoir, the benefi
cyclic waterflooding turned out to be positive, ttiigaives us hope that NW will be effective
devel@ing higher viscosity oil pool:
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