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Knrouesvie crosa:
pajsuansHoe OypeHue,
COJITHOKHUCIIOTHAst 00paboTKa,
Ie0JIOro-TeXHUYECKUE
MEpONPHATHS, 1eOUT HedTH,
KapOOHATHBIN KOJUIEKTOP,
JIMCKPUMUHAHTHBII aHaIN3,
CTaTHCTHYECKAs MOJIEIIb,
HOBBILICHHE He(TEOTaaYH,
THAPOJAMHAMUYECKOE
MO/IeJIMPOBAHKE, OCTATOYHbIE
3aracel, KOJUIEKTOP,
BEPOSITHOCTHAS! OLICHKA,
K0d()HUIMEHT KOppeALnH,
9KCILTYaTallHOHHBINH 00BEKT,
poruo3 3G HeKTUBHOCTH.

The reservoirs of the Tournaisian deposits in the Perm Region are characterized by high heterogeneity of the geological
section, low thickness and relatively low well productivity. For the rational development of such deposits intended to
enhance the oil recovery ratio, various well interventions are required. The paper compares the effectiveness of such low-
cost operations as acid treatments and radial drilling.

It further considers the radial drilling technology in detail. Radial drilling operations at the Tournaisian deposits of the Perm
Region oilfields are analysed. To assess the projected oil production, a graph of the actual decline in the incremental oil
production from the time of operation over the years has been plotted.

The paper presents the methods of estimating the well intervention effectiveness. The main method is hydrodynamic
modelling. However, it has significant drawbacks in predicting the effectiveness of radial drilling technology. In the
authors’ opinion, the optimal well intervention effectiveness forecast methods are statistical methods taking the complex
impact of geological and technological parameters into account. In the course of the research, the Student's 7-test was used
to identify the main geological and technological parameters that have an impact on the efficiency of radial drilling.

With the identified parameters and the linear discriminant analysis method, a predictive model for estimating an increase in
oil production for the first year after the operation was built. For the wells selected as the training and test samples, the error
of the oil output growth forecast for the first year after the operation was assessed. The errors in the forecast calculations
were then compared to the forecast error estimation obtained using the hydrodynamic model. The output of the study is the
developed method for determining the total incremental production using radial drilling technology.

KosuteKTopbl TypHEHCKHX OTIOKECHHH He(TsAHbIX 3anexeil [IepMCKOro Kpas XapakTepH3yIOTCs BBICOKON HEOIHOPOJ-
HOCTBIO TEO0JIOTHYECKOTO pa3pe3a, MallbIMH TOJIIMHAMH M HEBBICOKOH IPOM3BOIAMTENBHOCTBIO CKBaXHH. [ MX
paloHaNbHON pa3pabOTKU € LEJbIO MOBBINICHUS He(TEOTAAUH IUIACTOB MIMPOKO NPUMEHSIOTCS I'e0JIOr0o-TeXHUUECKHe
MeporpuaTus. B pabore npoBeneHo cpaBHeHHE d(P(PEKTHBHOCTH Maj03aTPATHBIX I'€OJIOTO-TEXHHYECKUX MEPOIPHUSTHI —
KHCJIOTHBIX 00pabOTOK M paanaibHOro OypeHus.

TToxpoOHO paccMOTpeHa TEXHOJIOrHs paanaibHoro Oypenus. [IpuBeieH aHaIN3 MEPONPUSTHIA 10 paJHallbHOMY OypEeHHIO,
BBIIIOJIHCHHBIX Ha TypHEHCKHX 00bekTax MectopoxaeHuil ITepmckoro kpast. ITo (akTHUeCKHM JaHHBIM IOCTPOEH rpaduk
JMUHAMHKH TIJICHHUS JOMOJHUTEIbHON K00bMH HE()TH OT MEPONPHATHS MO TOAAM, KOTOPBIH MOXKHO HCIIOJIB30BATH IS
OLICHKH MTPOTHO3HON 100bIuK HedTH.

IpencTaBaeHbl METOAUKH NPOTHO3a ()PEKTUBHOCTH Ie0I0r0-TEXHUUECKHX MEpONpPHATHiL. OCHOBHBIM METOJOM SIBISCTCS
THAPOJMHAMUYECKOe MopenupoBanne. OIHAKO y METOJa CYIIECTBYIOT 3HAYHUTENIbHBIC HEJOCTATKH IIPH IIPOTHO3E
9 HEKTUBHOCTH NMPHUMEHEHHS TEXHOJIOTHH pajuaibHOro OypeHms. I10 MHEHHIO aBTOPOB, Haubojee ONTUMAIbHBIM IS
mporHo3a d()QGEKTHBHOCTH TEXHOJOTHYECKHX MEPOIPHATHH SIBISCTCS HCIIOJIb30BAHHE CTATHCTHYECKUX METOJOB, YTO
MO3BOJISIET YYUTHIBATH KOMIUIEKCHOE BIMSIHHE Ie0JIOrO-TEXHOJIIOTHYECKUX TapaMeTpoB. B xoze ucciienoBaHus ¢ MOMOIIBIO
t-xputepuss CTbIOJIEHTAa BBISBICHBl OCHOBHBIC TI'€0JIONO-TEXHOJOTMYECKHE IapaMeTphbl, OKA3bIBAIOIIME BIMSHHE Ha
3¢ HeKTUBHOCTD pagnanbHOro OypeHusl.

Ha oCHOBE BBISBJICHHBIX [IAPaMETPOB METOJOM JIMHEHHOTO AMCKPUMHHAHTHOIO aHAIN3a IIOCTPOEHA IPOTHO3HAs MOJCIb
OLICHKH HpupocTa aebuta HedTH B mepBblil roj mocie MeponpusaTus. Ha ckBaknHax oOydaromieil 1 TeCTOBOH BBIOOPKH
MPOBE/ICHA OLCHKA ITOTPEIIHOCTH MPOTHO3a MpHpocTa aeduta HeTH B mepBbiil rox mociae Meponpustis. ComocTaBaeHb
MOTPENIHOCTH MPOTHO3HBIX PAcYeTOB C MOTPEHIHOCTHIO MPOTHO3a MPU HCCICNOBAHMM THAPOIMHAMUYECKOH MOJIEIH.
Pe3ynbTaToM HCCICAOBaHMN SBISETCS pa3pabOoTaHHAs METOAMKA OMPEACNCHHs OOIIel JOMOMHUTEIbHOM MOOBIMH OT
MIPHMEHEHHS TEXHOJIOTHU PaJIHaIbHOTO OypeHHsL.
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Introduction

In the structure of the remaining oil in place in
the Perm Region, Tournaisian and Fammenian
carbonate deposits account for their major part
of 44 % (222.7 out of 506.2 million tons of oil).
In the platform part of the Perm Region, these
deposits are developed at 130 production zones
with over 80 % of the deposits located solely
in the Tournaisian strata. Hereinafter, all the
Tournaisian and Fammenian deposits in the studied
territory are referred to as the “T-formation”.
The permeability values used for estimation of
the oil reserves in the T-formation range from 3
to 676 mD, while formation oil viscosity varies
from 0.8 to 87mPa-s.

Characteristics of tournaisian reservoirs
of the Perm Region oilfields

In the platform part of the Perm Region, the
T-formation reservoirs are mainly represented
by organogenic and detrital, fine detrital and
lumpy algal limestones. The core material from the
oil-saturated part of the geological section has
been studied, in particular, using X-ray
tomography to visualize the structure of the rock
porous space [1-3]. In carbonate reservoirs, the
X-ray tomography is used as a method of
visualizing the cavernosity and fracturing of
rocks in high definition [4-7]. The core material
analysis combined with hydrodynamic well testing
done with the method described in papers [8, 9]
has shown that the Tournaisian reservoirs in the
platform part of the Perm Region mainly belong
to the porous (granular) type. The presence
of fractures is generally untypical of these
production zones.

Core analysis has shown that the open porosity
(K;) of the Tournaisian reservoirs falls within a broad
range (from 8 to 19 %) with the average value of
12 %. Low-porosity reservoirs (K, < 12 %) belong
mainly to the granular type (fig. 1, @), while in more
porous ones the void space also includes dissolved
cavities (see. fig. 1, b).

The reservoirs of the Tournaisian deposits are
characterized by high heterogeneity of the geological
section, low thickness and, as a rule, not very high
well productivity. The field experience shows that at
all the stages of oilfield development the
permeability of the bottomhole area deteriorates due

to the sealing of rocks, increasing water saturation
followed by the reduction of phase permeability for
oil, salting and paraffin buildup [10]. In such
conditions, the most cost-efficient well intervention
techniques for carbonate reservoirs are acid treatment
and radial drilling [11].
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Fig. 1. Void space structure of the Tournaisian reservoirs
of porous (a) and cavernous and porous (b) types based
on core X-ray tomography

Acid treatment is one of the most common well
interventions used on carbonate reservoirs to
recover and improve the fluid flow in the
bottomhole area, increasing productivity of the
production wells and injectivity profile of the
injection wells [12]. The radial drilling technology
means, in this case, drilling horizontal radial
channels of a smaller diameter with a jet nozzle.
The channel length does not exceed 100 m, while
their number usually ranges from 2 to 4. The radial
drilling technology is considered not only to
improve the productivity of the wells but also to
engage the previously undrained reserves into the
production, materially expanding the displacement
process [13, 14].
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Comparing the efficiency of acid treatment
and radial drilling technologies

In the course of study, the technological
efficiency of acid treatment and radial drilling
in respect of the Tournaisian formations of the
Perm Region was compared. The results of
employing acid treatment to the carbonate
formations in the Perm Region are provided in
paper [15], while the summary of international
experience is provided in papers [16-20]. In
foreign literature, acid treatment efficiency studies
focus more on the composition of rocks, e.g.
carbonate content, clay particles content, cement
type and port space structure [18-20].

Table 1 presents the results of comparing the
efficiency of acid treatment and radial drilling for the
Tournaisian formations of the Perm Region fields.
The number of wells covered by the analysis: acid
treatment — 148 wells, radial drilling — 115 wells.

The comparison was carried out using
Student’s t-test. Table 1 shows the average values
of the efficiency indicators (for acid treatment and
radial drilling, respectively), the t-score values and
the achievable level of p. In respect of the
considered indicators of the Tournaisian
formations, the efficiency of the radial drilling
technology is statistically significant (p < 0.05)
and exceeds that of the acid treatment.

Thus, the technological effect of the radial
drilling varies in a broad range and mostly depends
on the geotechnical conditions of the method
implementation. At the same time, by this moment
there are no formalized efficiency criteria for the
radial drilling technology [21].

There is a number of purely technical aspects
that complicate the implementation of radial
drilling technology. First of all, the problems were
caused by significant hydrodynamic loads on jet
nozzles (up to 100 MPa) arising from high-speed
jets (up to 400 m/sec) of flush fluid. That creates a
large area of penetration of the emulsion filtrate
with non-stationary rheological characteristics [22]
in the area of destruction. The second important
technical issue is the impossibility to exercise
prompt control over the trajectory of the channels
due to low bending stiffness of the assembly and
different densities of the jet-broken rocks. In
exceptional cases, this can result in the
preformation by the channels of the water
formations, which is absolutely inadmissible. All

of the above points to the necessity of careful
selection of the wells based primarily of their
geological and physical characteristics.

Table 1

Comparison of the efficiency
of the radial drilling methods and acid
treatment for the Tournaisian formations
of the Perm Region

Acid Radial
Parameter treatment, | Drilling, [ »
average average

value value
Time of operation
with operational 883.7 1144.1 | -1.94 0.05
benefit, days
Average daily
incremental Less than
production, 23 3.3 ~4.02 0.01
tons per day
Accumulated Less than
incremental oil 2781.7 44732 | -2.63 001
production, tons ’

Developing statistical models for projecting
the efficiency of radial drilling for the Tournaisian
formations of the Perm Region

Due to their fracturing, the Tournaisian
formations  feature  significant  incremental
production during the first year after intervention.
However, the fractures tend to collapse in the
production process due to the pressure drop,
resulting in a sharp decline of the effect [23-26].
Both Russian and foreign literature pays much
attention to the impact of fracturing on the field
development efficiency [27-30].

In paper [31], a forecast crossplot was developed
based on the statistical analysis of technological
effect’s dynamics in respect of the radial drilling. For
this crossplot (Fig. 2), the wells were divided into
classes based on incremental production for tracking
the effect decline for each well group. Thus, knowing
the value of incremental production for the first year,
the decline of production with time can be forecasted
by means of extrapolation.

When used at the stage of selecting candidate
wells for the radial drilling technology, this crossplot
requires the assessment of the amount of incremental
oil production in the first year after the well
intervention (Ag,), which is decisive for the
production dynamics over time.
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Fig 2. Crossplot of evaluation of the technological
effect of the radial drilling technology
on the Tournaisian formations [31]

At the moment, the primary method for
assessing the effectiveness of well interventions
for oil and gas producing companies of the Perm
Region, including radial drilling, is the geological
and hydrodynamic modelling [32-33]. At the same
time, it is quite hard to develop a fluid flow model
of the carbonate reservoirs that would
accommodate the impact of the fracturing
component on the fluid flow, which materially
impairs the models’ reliability [34-36].

As applicable to the radial drilling technology,
the efficiency of geological and hydrodynamic
modelling continues to decline as radial channels
of 100 m will be represented by one or two cells in
the model. This being said, even this cell of the
model can be characterized only in subjective and
quantitative terms by the channel connectivity with
the formation (¢) and a screen factor (S). In
practice, the ¢-value is based on the necessary
production of fluid after the well intervention, and
the skin-factor is introduced based on the well
tests, though they do not provide reliable results
for all the wells. Therefore, the total error
magnitude of this approach is quite high.

A possible alternative to forecasting the
efficiency of well interventions can be the use of
displacement characteristics when the technological
parameters are extrapolated with account of possible
incremental production. However, in this case, at
least the impact of geological and technical
parameters of the given wells is not taken into

account, which will obviously reduce the efficiency
of well interventions for them.

Given the above, in the opinion of the authors,
the statistical methods are more suitable for the
evaluation of the radial drilling efficiency. They
are applied to the production formations treated
with the radial drilling technology to identify the
geological and technical indicators making the
greatest impact on the well intervention efficiency.
Such an approach is suitable for express efficiency
analysis of the technology, while the forecasting
model makes it possible to rank the wells by the
priority of radial drilling use [37-40]. The papers
[41, 42] describe the methodology and provide
successful examples of the statistical modelling
results as applicable to the forecast of various well
interventions.

The incremental oil production during the first
year after the radial drilling (Ag,) is ultimately
determined by a set of indicators of well
interventions. The method chosen to evaluate the
statistical impact of the indicators of the well
intervention efficiency is linear discriminative
analysis (LDA). The methodological aspects of
evaluating the technological effect of well
interventions using LDA method are discussed in
paper [42].

For the LDA implementation, the wells that had
not undergone acid treatment before radial drilling
(for 15 years). The statistical analysis based on
Student’s t-test has shown a significant difference in
the efficiency of the radial drilling without prior acid
treatment and after it both in respect of incremental
oil production (t-test = 2.03; p = 0.04), and average
daily growth (t-test = 2.37; p = 0.02). For the
Tournaisian formations, the acid treatment performed
within 1-15 years prior to the radial drilling, reduce
the Ag, value by 0.8 tons per day on average. As
preliminary acid treatment takes away a part of the
potential increments production, such wells were
excluded from the statistical analysis.

Moreover, wells that underwent radial drilling
in the new perforation interval were also excluded
from the analysis scope, since in this case the
increment is achieved primarily by involving new
reservoir pay zones. As a result, the analysis
covered 41 wells treated with the radial drilling
technology in the current perforation interval. At
the same time, the analyzed wells were also
classified by the efficiency of the radial drilling
results based on the cutoff value (Ag,).
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With account of the geological and technical
characteristics and the calculated increment range,
the cutoff efficiency value was set to 5.5 tons per
day. As a result, 12 wells were classified as having
less effective well interventions (Ag, < 5.5 tons per
day), and 27 wells were identified to have more
effective well interventions (Ag, > 5.5 tons per day).
The LDA method foresees finding linear
combinations of the attributes that define the two
classes best.

As a result of LDA, the parameters that have the
highest impact on Ag, were identified and the
following Linear Discriminant Functions (LDF) was
obtained:

7 =-0,22¢q, +10,3K ,,; —0,06'K ., —

~0,00631, +0,176'p 4, +0,0056% 0,76k, +
+0,0013-S —3,41 at R = 0,60,

where ¢, is oil production before the intervention;
Kang 18 net-to-gross ratio; W, is oil viscosity; pepan 18
channel density; y is piezoconductivity; A, is the oil-
saturated layer thickness; S is skin factor.

In general, the LDA method correctly identifies
25 out of 27 formations (93%) with an increment
below 5.5 tons per day and 9 out of 14 (64%) with
the increment above 5.5 tons per day.

In this LDF, the highest impact on the
classification results was rendered by the net-to-gross
ratio Kgng (the standardized rate is R, = 0.90),
piezoconductivity y (R,, = 0.66) and oil production
before the intervention ¢, (R, = -0.46), and
to a lesser extent, by the sand-to-shale ratio
Kinate, 01l viscosity p, channel density Qchan,
skin factor S, and specific thickness of the oil-
saturated layer /Ajyq.

The higher is the Z value in this LDF, the higher
is the probability of a successful well intervention
(Ag, > 5.5 tons per day). To proceed to the
probabilistic estimate, the dependence of the
probability of classification as a more effective well
intervention P(Z) on the estimates characteristic Z
(Fig. 3) shall be used.

After the probability for the training wells
samples has been calculated, it shall be compared
with the actual oil production growth. Fig. 4 shows
the dependence of Ag, on the probabilistic estimate
P(Z), which can be approximated with the
following linear function:

Agy=6,2-P(Z) + 3,216 with » = 0,99.

P(Z)

Fig. 3. Probability of the oil production increment
in the first year based on the estimated LDF

q,, tons per day

0

0 0.2 0.4 0.6 0.8 1
P(Z)
Fig. 4. Dependence of the average daily oil production
in the first year after radial drilling on the probability
to be classified as a more successful intervention

Based on the dependency Ag, = AP(Z)), the
average daily growth for the first year after the radial
drilling can be forecasted. To verify the method
reliability, the values of Ag, were calculated for the
training sample, and then, in comparison to the actual
values, the estimated errors were determined.

Fig. 5, a presents the graph of minimal
disparities for the LDA method compared to those
of the calculations based on hydrodynamic models.
The comparison was carried out for the training
sample wells. When the LDA-based methodology
is used, the forecast disparities range from —5.6
(overstatement of Ag,) to +4.9 tons per day
(understatement of Ag,). At that, over a half of the
wells (68% — 28 wells) got into the error interval
from -2 to 2 tons per day. The class with a
disparity of over 4 tons per day comprised 4 wells.
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The error distribution range of the standard
currently used methodology (see Fig. 5, a) is
materially broader, ranging from —10 to +28 tons per
day, while the number of forecasts with the minimal
error (from —2 to 2 tons per day) is significantly less
than 18 wells (44 %). There were 7 wells (17% of the
total number of wells) falling in the disparity interval
of over 4 tons per day.

To control the forecast results, an additional
estimate of the errors for the validation sampling
was performed, which included the calculation of
Ag, values for the wells not involved in the
development of a statistical model. Those were the
wells than underwent the acid treatment prior to
the radial drilling. Considering the adjustment
explained above (0.8 tons per day), the actual data
were compared to the forecasted values for the
wells of the validation sampling. The disparities in
the actual and forecasted values of Ag,, estimated
according to the LDA method the hydrodynamic

model calculations for the validation sample are
provided in Fig. 5, b.

According to the method proposed above, the
maximum number of disparities between the actual
and forecasted Ag, values(27 wells) fall in the range
from -2 to 2 tons per day, while the maximum error
ranges from —6 to +4 tons per day. The class with the
disparity of over 2 tons per day included 15 wells
with only 2 of them falling in the range of disparities
exceeding 4 tons per day (see Fig. 5, b). The results
of the comparison of the estimations based on the
LDA statistical method for the T-formation should be
admitted to be very good.

When compared to the actual results of the
hydrodynamic modelling-based standard forecast
method, the disparity range significantly expands
(from -20 to +8 tons per day), with an evident
tendency to overstate the projected production for
the previously acid-treated wells. The minimal
disparity interval (from -2 to +2 tons per day)
includes 20 wells, which is much worse than fo the
LDA-based forecast. The disparities exceeding
4 tons per day relate to 10 wells (compared to 2
wells found with the LDA method), with the three
well interventions of which showing the disparity
over 6 tons per day (see Fig. 5, b).

Thus, the comparison of disparities for the
LDA-based and standard methods performed on
the Tournaisian reservoirs of the platform part of
the Perm Region shows a significantly higher
efficiency of the former. The statistical approach
significantly improves the accuracy of the oil
production growth forecast for the first year after
the radial drilling. The developed forecasted
statistical models assessing the efficiency of the
radial drilling technology were provided to an oil-
producing company.

Conclusion

1. The paper provides a characteristic of the
Tournaisian deposits of the platform part of the Perm
Region. The reservoirs are characterized by high
heterogeneity of the geological section, low thickness
and, as a rule, relatively low well productivity.

2. The efficiency of the acid treatment and radial
drilling methods for the Tournaisian formations of
the Perm Region fields was compared. The efficiency
of the radial drilling technology was found to be
significantly higher than that of the acid treatment,
which is statistically confirmed.
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3. A graph showing the dynamics of the effect
decline depending on the radial drilling technology
for the Tournaisian formations of the Perm Region
was developed.

4. The advantages and disadvantages of radial
drilling technology have been analyzed. Among the
key advantages of the technology are the relatively
low cost of the intervention and generally
satisfactory growth of oil production. The key
drawbacks include the impossibility to control the
channel trajectory during drilling and unstable effect
due to the lack of formalized applicability criteria.

5. The radial drilling technology -efficiency
forecasting methods were analysed with the selection
of the LDA-based statistical method being
substantiated. The main geotechnical parameters
influencing the increment of oil production during
the first year after the radial drilling were identified.

6. A forecast model for the evaluation of the
incremental oil production for the first year after the
radial drilling was developed. The developed method
was tested on the wells of the training and validation
samples. The forecasts of the radial drilling
efficiency based on the statistical approach were
concluded to be more accurate as compared to the
standard method.

References

1. Berg S., Armstrong R., Ott H. et al. Multiphase
flow in porous rock imaged under dynamic flow

conditions with fast X-ray computed
microtomography. Petrophysics, 2014, vol. 55, no.4,
pp.304-312.

2.GakinS.V.,  EfimovAA.,  Krivoshchekov SN,

Savitskiy Ya.V., Cherepanov S.S. X-ray tomography
in petrophysical studies of core samples from oil and
gas fields. Russian Geology and Geophysics, 2015,
no.5, pp.782-792. DOI: 10.1016/j.rgg.2015.04.009

3. Machado A.C., Oliveira TJ.L., Cruz F.B.,
Lopes R.T., Lima I X-ray microtomography
of hydrochloric acid propagation in carbonate rocks.
Applied Radiation and Isotopes, 2015, vo0l.96,
pp-129-134. DOI: 10.1016/j.apradiso.2014.10.027

4. Alireza Safari, Mojtaba Moradi Dowlatabad,
Ali Hassani, Fariborz Rashidi Numerical simulation
and Xray imaging validation of wormhole
propagation during acid core-flood experiments in a
carbonate gas reservoir. Journal of Natural Gas
Science and Engineering, 2016, vol.30, pp.539-547.
DOI: 10.1016/j.jngse.2016.02.036

5. Efimov A.A., Galkin S.V., Savitckii Ia.V.,
Galkin V.I. Estimation of heterogeneity of oil &
gas field carbonate reservoirs by means of
computer simulation of core x-ray tomography data.
Ecology, Environment and Conservation, 2015,
vol.21, pp.79-85.

6. Efimov A.A., Savitckii Ia.V., Galkin S.V.,
Shapiro S. Experience of study of core from carbonate
deposits by X-ray tomography. Perm Journal of
Petroleum and Mining Engineering, 2016, vol.15,
no.18, pp.23-32. DOI: 10.15593/2224-9923/2016.18.3

7. Arns C.H., Bauget F., Limaye A. et al. Pore-

scale  characterization of carbonates using
X-ray microtomography. Society of Petroleum
Engineers Journal, 2005, vol.10, no.4,

pp.475-484. DOI: 10.2118/90368-PA

8. Cherepanov S.S., Ponomareva L.N., Erofeev A.A.,
Galkin S.V. Opredelenie parametrov treshchino-
vatosti porod na osnove kompleksnogo analiza
dannykh izucheniia kerna, gidrodinamicheskikh
i geofizicheskikh issledovanii skvazhin
[Determination of rock fracturing parameters
based on a comprehensive analysis of core study
data, hydrodynamic and geophysical well surveys].
Oil industry, 2014, no.2, pp.94-96.

9. Cherepanov S.S., Chumakov G.N., Galkin S.V.
Vozmozhnosti ucheta treshchinovatosti kollektorov
pri  geologo-gidrodinamicheskom  modelirovanii
razrabotki  zalezhei s zavodneniem plastov
[Possibilities for taking into account reservoir
fracture during geological and hydrodynamic
modeling of reservoir development with water-
flooding]. Oilfield engineering, 2016, no.8, pp.5-8.

10. Gusakov V.N., Kashtanova L.E., Nazarova S.V.,
Tiugaeva E.S., Kalimullina G.Z., Voloshin A.L
Planirovanie obrabotki prizaboinykh zon
dobyvaiushchikh ~ skvazhin na  mestorozhdenii
Varadero (Kuba) [Planning for treatment of bottom-
hole zones of production wells in the Varadero field
(Cuba)]. Oil industry, 2017, no.12, pp.126-131.
DOI: 10.24887/0028-2448-2017-12-126-130

11. Iliushin P.Iu., Rakhimzianov R.M., Solov’ev D.Iu.,
Kolychev LIu. Analysis of well intervention
aimed at oil production enhancement in the Perm
krai's fields. Perm Journal of Petroleum and Mining
Engineering, 2015, vol.14, no.15, pp.81-89.
DOI: 10.15593/2224-9923/2015.15.9

12. Novokreshchennykh D.V., Raspopov A.V.
effektivnost realizatsii tekhnologii radialnogo bureniia i
matrichnykh  kislotnykh obrabotok karbonatnykh
kollektorov ~ mestorozhdenii ~ Permskogo  kraia

ISSN 2224-9923. Bectaux ITHUITY. I'eonorus. Hedrerazosoe u roproe gexo. 2019. T.19, Ne3. C.263-274



270 ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2019. Vol.19, no.3. P.263-274

[Efficiency of the implementation of radial drilling
technology and matrix acid treatments of carbonate
reservoirs of Perm Territory deposits]. Oil industry,
2016, no.4, pp.118-121.

13. Kochnev A.A. Analiz effektivnosti tekhnologii
radialnogo bureniia na primere mestorozhdenii
Permskogo kraia [Analysis of the effectiveness of radial
drilling technology as an example of deposits in the
Perm region]. Problemy razrabotki mestorozhdenii
uglevodorodnykh i rudnykh poleznykh iskopaemykh.
Perm, 2017, no.1, pp.30-33.

14. Asilbekov  B.K.,  Zhapbasbaev = U.K.,
Kabdulov ~ S.Z.  Modelirovanie  povysheniia
nefteotdachi plastov sposobom radialnogo bureniia
[Modeling enhanced oil recovery by radial drilling].
Vestnik KBTU, 2007, no.3, pp.7-13.

15. Martiushev D.A. Laboratornye issledova-
niia kislotnykh sostavov dlia obrabotki kol-
lektorov,  kharakterizuiushchikhsia  razlichnoi
karbonatnostiu i strukturoi pustotnogo prostranstva
gornykh porod [Laboratory studies of acid
compositions for treating reservoirs characterized
by various carbonates and the structure of the void
space of rocks]. Izvestiia Tomskogo politekh-
nicheskogo universiteta. Inzhiniring georesursov,
2018, vol.329, no.4, pp.6-12.

16. Wang H., Liao X., Zhao X. Study of tight oil
reservoir flow regimes in different treated horizontal
well. Journal of the Energy Institute, 2015, vol.88,
iss.2, pp.198-204. DOI: 10.1016/j.joei.2014.05.002

17. Jianchun Guo, Huifeng Liu, Yuanqgiang Zhu,
Yuxuan Liu Effects of acid-rock reaction heat on
fluid temperature profile in fracture during acid
fracturing in carbonate reservoirs. Journal of
Petroleum Science and Engineering, 2014, vol.122,
pp-31-37. DOI: 10.1016/j.petrol.2014.08.016

18. Piyang Liu, Jun Yao, Gary Douglas Couples,
Jingsheng Ma, Hai Sun. Modeling and simulation of
wormhole formation during acidization of fractured
carbonate rocks. Journal of Petroleum Science
and Engineering, 2017, vol.154, pp.284-301.
DOI: 10.1016/j.petrol.2017.04.040

19. Ghommem M., Zhao W., Dyer S., Qiu X.,
Brady D. Carbonate aciding: Modeling, analysis, and

characterization of wormhole formation and
propagation. Journal of Petroleum  Science
and  Engineering, 2015, vol.131, pp.18-33.

DOI: 10.1016/j.petrol.2015.04.021

20. Snoeck Ch., Pellegrini M. Comparing bioapatite
carbonate pre-treatments or isotopic measurements. Part 1.
Impact on structure and chemical composition.

Chemical Geology, 2015, vol4l7,
DOI: 10.1016/j.chemgeo0.2015.10.004

21. Paveleva O.N., Popova Zh.S. Analiz
effektivnosti  primeneniia  usovershenstvovannoi
tekhnologii bureniia glubokikh radialnykh kanalov
na Vakhitovskom mestorozhdenii [Analysis of the
effectiveness of the application of advanced
technology for drilling deep radial channels at the
Vakhitovsky field]. Geologiia i neftegazonosnost
Zapadno-Sibirskogo megabasseina (opyt, innovatsii).
Materialy  desiatoi  mezhdunarodnoi  nauchno-
tekhnicheskoi konferentsii (posviashchennoi 60-letiiu
Tiumenskogo industrialnogo universiteta). Tiumen,
2016, pp.112-115.

22. Martiushev D.A., Ponomareva I.N. Issledovanie
osobennostei  vyrabotki  zapasov  treshchinno-
porovykh kollektorov s ispolzovaniem dannykh
gidrodinamicheskikh issledovanii skvazhin [Study of
the features of the development of reserves of crack-
pore reservoirs using data from hydrodynamic studies
of wells]. Oil industry, 2017, no.10, pp.102-104.
DOI: 10.24887/0028-2448-2017-10-102-104

23. Martiushev D.A., Iliushin P.lu. Express
assessment of the  interaction  between
the production and injection wells in the
Tournaisian-Famennian  deposits of Ozernoe
field. Perm Journal of Petroleum and Mining

pp.394-403.

Engineering, 2016, vol.15, no.18, pp.33-41.
DOI: 10.15593/2224-9923/2016.18.4

24. Mordvinov  V.A., Martiushev D.A.,
Puzikov V.. Otsenka vliianiia estestvennoi
treshchinovatosti kollektora na dinamiku
produkttivnosti dobyvaiushchikh skvazhin

slozhnopostroennoi neftianoi zalezhi [Assessment
of the effect of natural fracturing of the reservoir
on the dynamics of the productivity of producing
wells of a complex oil reservoir]. Oil industry,
2014, no.11, pp.120-122.

25. Cherepanov ~ S.S., Martiushev  D.A.,
Ponomareva I.N. Otsenka filtratsionno-emkost-
nykh svoistv treshchinovatykh karbonatnykh
kollektorov mestorozhdenii preduralskogo
kraevogo progiba [Assessment of the filtration-
capacitive properties of fractured carbonate
reservoirs of deposits of the Ural marginal
deflection]. Oil industry, 2013, no.3, pp.62-65.

26. Shamov N.A., Liagov A.V., Panteleev D.V.,
Vasilev A.V., Liagova M.A., Liagov LA,
Nazarov S.V., Aseev E.G. Tekhnika i tekhnologiia
sozdaniia sverkhglubokikh perforatsionnykh
kanalov [Technique and technology for creating

ISSN 2224-9923. Bectaux ITHUITY. I'eonorus. Hedrerazosoe u roproe gexo. 2019. T.19, Ne3. C.263-274



ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2019. Vol.19, no.3. P.263-274 271

ultra-deep perforation channels]. Neftegazovoe delo,
2012 no.2, pp.131-174.

27. Djebbar T., Erle C. Donaldson petrophysics:
Theory and practice of measuring reservoir rock and
fluid transport properties. 2nd ed. Elsevier, 2004, 889 p.

28. Tiab D., Donaldson E.C. Petrophysics:
Theory and practice of measuring reservoir rock
and fluid transport properties. 2nd ed. Elsevier,
2004, 889 p.

29. Bortolan Neto L., Kotousov A. Residual
opening of hydraulic fractures filled with
compressible proppant. International Journal of Rock
Mechanics and Mining Sciences, 2013, 1o.61,
pp-223-230. DOI: 10.1016/j.ijrmms.2013.02.012

30. Warren J.E., Root P.J. The behavior
of naturally fractured reservoirs. Soc. Petrol.
Eng. J., 1963, wvol.3, iss.3, pp.245-255.

DOI: 10.2118/426-PA

31. Kochnev A.A., Zotikov V.., Galkin S.V.
Analiz vliianiia geologo-tekhnologicheskikh poka-
zatelei na effektivnost tekhnologii radialnogo bureniia
na primere ekspluatatsionnykh obektov Permskogo
kraia [Analysis of the influence of geological and
technological indicators on the effectiveness of radial
drilling technology by the example of operational
facilities in the Perm Territory]. Izvestiia Tomskogo
politekhnicheskogo universiteta. Inzhiniring
georesursov, 2018, vol.329, no.12, pp.20-29.

32. Zongxiao Ren, Ruifeng Yan, Xing
Huang, Wenqgiang Liu, Zhan Qu. The transient
pressure behavior model of multiple horizontal
wells with complex fracture networks in tight
oil reservoir. Journal of Petroleum Science
and Engineering, 2019, vol.173, pp.650-665.
DOI: 10.1016/j.petrol.2018.10.029

33. Wei Luo, Hai-Tao Li, Yong-Qing Wang, Jun-
Chao Wang. A new semi-analytical model for
predicting the performance of horizontal wells
completed by inflow control devices in bottom-water
reservoirs. Journal of Natural Gas Science and
Engineering, 2015, vol.27, part 3, pp.1328-1339.
DOI: 10.1016/j.jngse.2015.03.001

34, Hamidreza Shahverdi, Mehran Sohrabi.
A mechanistic model for prediction of three-phase
flow in petroleum reservoirs. Journal of Petroleum
Science and Engineering, 2017, vol.157, pp.507-518.
DOI: 10.1016/j.petrol.2017.06.073

35. Pulok Kanti Deb, Farhana Akter, Syed
Ahmad Imtiaz, M. Enamul Hossain. Nonlinearity
and solution techniques in reservoir simulation:
A review. Journal of Natural Gas Science

and  Engineering, 2017, vol.46,
DOI: 10.1016/j.jngse.2017.07.031

36. Wei Pang, Dechun Chen, Zhongping Zhang,
Lifu Jiang, Bing Wang. Segmentally variable density
perforation optimization model for horizontal wells in
heterogeneous reservoirs.  Petroleum  Exploration
and Development, 2012, vol.39, iss.2, pp.230-238.
DOI: 10.1016/S1876-3804(12)60036-6

37. Ghahri P., Jamiolahmadi M., Alatefi E.,
Wilkinson D., Hamidi H. A new and simple model
for the prediction of horizontal well productivity in
gas condensate reservoirs. Fuel, 2018, vol.223,
pp-431-450. DOI: 10.1016/j.fuel.2018.02.022

38. Khan R.A., Awotunde A.A. Determination of
vertical/horizontal well type from generalized field
development optimization. Journal of Petroleum
Science and Engineering, 2018, vol.162, pp.652-665.
DOI: 10.1016/j.petrol.2017.10.083

39. Dowlatabad M.M., Jamiolahmady M. New
approach for predicting multiple fractured horizontal
wells performance in tight reservoirs. Journal of
Petroleum Science and Engineering, 2018, vol.162,
pp-233-243. DOI: 10.1016/j.petrol.2017.12.040

40. Losi G., Arnone D., Correra S., Poesio P.
Modelling and statistical analysis of high
viscosity oil/air slug flow characteristics in
a small diameter horizontal pipe. Chemical
Engineering Science, 2016, vol.148, pp.190-02.
DOI: 10.1016/j.ces.2016.04.005

41. Galkin V.I., Ponomareva I.N., Repina V.A.
Study of oil recovery from reservoirs of different
void types with use of multidimensional statistical
analysis. Perm Journal of Petroleum and
Mining Engineering, 2016, no.19, pp.145-154.
DOI: 10.15593/2224-9923/2016.19.5

42. Chumakov G.N., Zotikov V.1, Kolychev LIu.,

pp.845-864.

Galkin S.V. Analiz effektivnosti primeneniia
tsiklicheskoi  zakachki zhidkosti na mesto-
rozhdeniiakh s razlichnymi geologo-tekhno-
logicheskimi  usloviiami  [Analysis of the

effectiveness of the use of cyclic fluid injection in
fields with various geological and technological
conditions]. Oil industry, 2014, no.9, pp.96-99.

Bbubauorpaduyeckunii cnucoxk

1. Multiphase flow in porous rock imaged
under dynamic flow conditions with fast
X-ray computed microtomography / S. Berg,
R. Armstrong, H. Ott [et al.] / Petrophysics. —
2014. - Vol. 55, Ne 4. — P. 304-312.

ISSN 2224-9923. Bectaux ITHUITY. I'eonorus. Hedrerazosoe u roproe gexo. 2019. T.19, Ne3. C.263-274



272 ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2019. Vol.19, no.3. P.263-274

2. X-ray tomography in petrophysical studies of
core samples from oil and gas fields / S.V. Galkin,
A.A. Efimov, S.N. Krivoshchekov, Ya.V. Savitskiy,
S.S.  Cherepanov // Russian Geology and
Geophysics. — 2015. — Ne5. — P.782-792.
DOI: 10.1016/j.rgg.2015.04.009

3. X-ray microtomography of hydrochloric acid
propagation in carbonate rocks / A.C. Machado,
T.J.L. Oliveira, F.B. Cruz, R.T. Lopes, I. Lima //
Applied Radiation and Isotopes. — 2015. — Vol. 96. —
P. 129-134. DOI: 10.1016/j.apradiso.2014.10.027

4. Numerical simulation and Xray imaging
validation of wormhole propagation during acid core-
flood experiments in a carbonate gas reservoir /
Alireza Safari, Mojtaba Moradi Dowlatabad, Ali
Hassani, Fariborz Rashidi // Journal of Natural Gas
Science and Engineering. — 2016. — Vol. 30. —
P. 539-547 DOI: 10.1016/.jngse.2016.02.036

5. Estimation of heterogeneity of oil & gas field
carbonate reservoirs by means of computer
simulation of core x-ray tomography data /
A.A. Efimov, S.V. Galkin, Ia.V. Savitckii, V.I. Galkin //
Ecology, Environment and Conservation. — 2015. —
Vol. 21. - P. 79-85.

6. OmbpIT MccnenoBaHMs KepHa KapOOHATHBIX
OTJIO)KEHUI METOJIOM PEHTI€HOBCKOHW ToMorpaduu /
A.A. Edumon, .B.Capunxuii, C.B. Tamkun,
C. lllamupo // Bectauk IlepMcKoro HaMOHAIBHOTO
UCCIIEIOBATENBECKOTO  TIOJIUTEXHUYECKOTO  YHHUBEP-
cuteta. [l'eomorms. HedrerazoBoe wu  TropHOE
nemo. — 2016. — T.15, Ne18. - C.23-32.
DOI: 10.15593/2224-9923/2016.18.3

7. Pore-scale characterization of carbonates using
X-ray Microtomography / C.H. Arns, F. Bauget,
A. Limaye [et al.] // Society of Petroleum Engineers
Journal. — 2005. — Vol. 10, Ne 4. — P. 475-484.
DOI: 10.2118/90368-PA

8. Onpeznenenne MapaMeTpoB TPEIIMHOBATOCTH
IOpoX HAa  OCHOBE  KOMIUIEKCHOTO  aHAJIN3a
JAHHBIX HW3YyYeHHs KEpHAa, THAPOIMHAMUYECKUX
U TeopH3MYECKHX WCCICJOBAaHWN CKBaXHWH /
C.C. Yepenanos, 1.H. ITonomapesa, A.A. Epodees,
C.B. Tlankun // Hedtanoe xozsiictBo. — 2014. —
Ne 2. — C. 94-96.

9. Yepenanor C.C., Uymaxon I'.H., I'ankun C.B.
B03MOXHOCTH y4yeTa TPEeIMHOBATOCTH KOJUIEKTOPOB
NpU TEOJOTO-THAPOAMHAMHYECKOM MOJIEIUPOBAHUN
pa3paboTKKi 3anexeil ¢ 3aBOJHEHUEM IIIacToB //
HedrenpomsicnoBoe geno. —2016. — Ne 8. — C. 5-8.

10. IlmanupoBanue 00pabOTKU MPHU3a00NHEBIX
30H JOOBIBAIONIMX CKBaXHH HAa MECTOPOXK-

mennn Bapamepo (Ky6a) / B.H. [I'ycakos,
JLE. KamranoBa, C.B. Hazapoma, E.C. Troraesa,
I'.3. Kanumynnuna, A.W. Bonomwmn // HedtsHoe
xo3sgicTtBo. — 2017. — Ne 12. — C. 126-131.
DOI: 10.24887/0028-2448-2017-12-126-130

11. Anamu3 mpoBENEHHUS TEOJIOrO-TEXHHUIECKHIX
MEPONPUATHH TIO0 YBEIWYCHHUIO TPOTYyKTUBHOCTH
JMOOBIBAIOIIUX CKBWKWH Ha HEPTIHBIX MECTO-
poxnenusx Ilepmckoro kpas / ILIO. Umommms,
P.M. Paxumzsiros, [1.}O. ConoseeB, 1.}0O. Konbrues //
Bectauk  IlepMCKOTO  HAIMOHANBHOTO  HCCIIE-
JIOBATEIIBCKOTO TTOJUTEXHUYECKOTO YHHUBEPCHUTETA.

l'eomorus. HedrerazoBoe u ropHoe nemo. —
2015. - T. 14, N 15. - C. 81-89.
DOI: 10.15593/2224-9923/2015.15.9

12. HoBokpewmennbix [.B., Pacnomor A.B.
D¢ dexTuBHOCTD peanuzanuu TEXHOJOTUU
panuanbHOro OypeHHus M MAaTPUYHBIX KHCIIOTHBIX
00paboTok KapOOHATHBIX KOJIIEKTOPOB

mectopoxkaeHuit Ilepmckoro kpass // Hedrsanoe
xo3stiicTBO. — 2016. — Ne 4. — C. 118-121.

13. Koures A.A. AnHamm3  3pQPEKTUBHOCTH
TEXHOJIOTUHM panuanbHoro OypeHHss Ha TpHMepe
Mectopokaeanit  Ilepmckoro kpas //  IIpobmembr

pa3paboTku MECTOPOXKICHUIH YIJICBOIOPOTHBIX
U PyAHBIX TIONE3HBIX HCKOomaeMmblx. — Ilepwms,
2017.—Ne 1.— C. 30-33.

14. Acunnoexkos B.K., KambacGaes VY.K,,
Kabagynos C.3. MopgenupoBanue  MOBBIIIEHUS
He()TEOTHaYW TUIACTOB CIIOCOOOM  paguaIbHOTO

oypeans // Bectmmk KBTY. — 2007. — Ne3. —
C.7-13.

15. MaptiommeB  J[.A. JlaboparopHple  HCCIe-
JIOBaHUSI ~ KUCJIOTHBIX COCTaBOB Uil  00pabOTKH
KOJUICKTOPOB, ~ XapaKTEpU3YIOIMXCS  PA3IUYHON
KapOOHATHOCTBIO M CTPYKTYpOH  ITyCTOTHOTO
npocTpaHcTBa TopHbIX mopon // W3ssectus Tomckoro
HOJIMTEXHMYECKOTO  YHHUBepcHTeTa.  VHKHHUPUHT
reopecypcoB. —2018. — T. 329, Ne 4. — C. 6-12.

16. Wang H., Liao X., Zhao X. Study of tight
oil reservoir flow regimes in different treated
horizontal well // Journal of the Energy Institute. —
2015. - Vol.88, iss. 2. — P. 198-204.
DOI: 10.1016/j.joei.2014.05.002

17. Effects of acid-rock reaction heat on fluid
temperature profile in fracture during acid
fracturing in carbonate reservoirs / Jianchun
Guo, Huifeng Liu, Yuangiang Zhu, Yuxuan
Liu // Journal of Petroleum Science and
Engineering. — 2014. — Vol. 122. — P. 31-37.
DOI: 10.1016/j.petrol.2014.08.016

ISSN 2224-9923. Bectaux ITHUITY. I'eonorus. Hedrerazosoe u roproe gexo. 2019. T.19, Ne3. C.263-274



ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2019. Vol.19, no.3. P.263-274 273

18. Modeling and simulation of wormhole
formation during acidization of fractured carbonate

rocks / Piyang Liu, Jun Yao, Gary
Douglas Couples, Jingsheng Ma, Hai Sun //
Journal of Petroleum Science and

Engineering. — 2017. — Vol. 154. — P. 284-301.
DOI: 10.1016/j.petrol.2017.04.040

19. Carbonate aciding: Modeling, analysis, and
characterization of wormhole formation and
propagation / M. Ghommem, W. Zhao, S. Dyer,
Xiangdong Qiu, D. Brady // Journal of Petroleum
Science and Engineering. — 2015. — Vol. 131. —
P. 18-33. DOI: 10.1016/j.petrol.2015.04.021

20. Snoeck Ch., Pellegrini M. Comparing

bioapatite carbonate pre-treatments or isotopic
measurements: P. 1. Impact on structure
and chemical composition !/ Chemical

Geology. — 2015. — Vol. 417. — P. 394-403.
DOI: 10.1016/j.chemgeo0.2015.10.004
21. ITaBenseBa O.H., IlomoBa X.C. Amnamu3

s pexTUBHOCTH TIPUMEHEHUS YCOBEPIIICHCT-
BOBAaHHOW  TEXHOJNOTUH  OYpeHHs  DIyOOKHX
paaualbHBIX KaHaJIOB Ha BaxutoBckoMm

MecTopoxaeHnn // 'eonorus m HEPTETa30HOCHOCTH
3amagHo-Crubupckoro Meradacceiina (orHIT,
WHHOBAIIMHN): MaTepuaIbl ACCITON MEKITYHAPOTHOM
HAay9IHO-TEXHUYECKON KOHGEPECHINH (ITOCBAIICHHOM
60-neturo TroMeHCKOTO HWHIYCTPUATBHOTO
yHuBepcuteta). — Tromens, 2016. — C. 112-115.

22. MaptiomeB  JI.A., ITlonomapera  I.H.
UccnenoBanne ocoOeHHOCTEH BBIPAOOTKH 3aracoB
TPEIIMHHO-TIOPOBBIX KOJUIEKTOPOB C HCIOIBb30BaHUEM
JTAHHBIX THAPOAMHAMIICCKUX UCCIICIOBAHHUI CKBKHH //
Hedtsaoe xozsiicto. — 2017. — Ne 10. — C. 102-104.
DOI: 10.24887/0028-2448-2017-10-102-104

23. Maptromie JI.A., Wmrommnu I1.}O. Dxcmpecc-
OIICHKa B3aMMOJICHCTBHUS MEXKIY JOOBIBAIOIIMMU U
HATHETATENIbHBIMU CKBaKMHAMH Ha TypHe(aMeHCKoH
3amexkn  O3epHOrO MecTopokneHusl // BecTHHK
[lepMcKOro  HAIMOHAJIBHOTO  HCCIICAOBATEIBCKOTO
MOJTUTEXHUIECKOTO YHHBEPCUTETA. I'eomormus.
HedrerazoBoe u ropaoe geno. —2016. — T. 15, Ne 18. —
C. 33-41. DOI: 10.15593/2224-9923/2016.18.4

24. MopnsunoB  B.A., Maptiomes  JI.A.,
[Tysukop B.M. OreHka BIHSHHS €CTECTBEHHOMN
TPEIIMHOBATOCTH  KOJUICKTOpAa  HAa  JUHAMUKY
MPOJAYKTUBHOCTH JOOBIBAFOIIUX CKBKUH
CIIOHOTIOCTPOEHHOU HedTsHOH 3anexu // HedTsHoe
x03sicTBO. — 2014, — N 11. — C. 120-122.

25. Yepenanos  C.C.,  Maprtiores
[lonomapea W.H. Ouenka

ILA.,

(UITBTpaAIIMOHHO-

E€MKOCTHBIX CBOMCTB TPEIIMHOBATHIX KapOOHATHBIX
KOJUIGKTOPOB ~ MECTOPOXKACHUH  MperypaibCKOro
KpaeBoro nporu6a // Hegranoe xo3siicto. — 2013. —
Ne 3. - C. 62-65.

26. TexHuKa W TEXHOJIOTUS CO3JaHHUS CBEPX-
ny0okux nepdopaionHsix kaHamos / H.A. [1lamoB,
A.B. Jlaros, JI.B. IlanteneeB, A.B. Bacumbes,
M.A. Jlaroa, W.A. JlaroB, C.B. Hazapos,
E.I'. AceeB // Hedrerazoroe memno. — 2012. —
Ne2.—C.131-174.

27. Djebbar T., Erle C. Donaldson petrophysics:
Theory and practice of measuring reservoir rock and
fluid transport properties. — 2nd ed. — Elsevier,
2004. — 889 p.

28. Tiab D., Donaldson E.C. Petrophysics:
Theory and practice of measuring reservoir rock and
fluid transport properties. — 2nd ed. — Elsevier,
2004. — 889 p.

29. Bortolan Neto L., Kotousov A. Residual
opening of hydraulic fractures filled with compressible
proppant // International Journal of Rock Mechanics
and Mining Sciences. — 2013. — Ne 61. — P. 223-230.
DOI: 10.1016/.ijrmms.2013.02.012

30. Warren J.E., Root P.J. The behavior of
naturally fractured reservoirs // Soc. Petrol. Eng. J. —
1963. — Vol. 3, iss. 3. — P. 245-255.
DOI: 10.2118/426-PA

31. Kounes A.A., 3otukoB B.U., I'ankna C.B.
Ananus BITUSTHHS re0JIOr0-TEXHOJIOTHUECKUX
mokazareneii Ha AP (PEKTHUBHOCTH  TEXHOJOTHH
panuanibHOrO OypeHUss Ha MpHMepe JKCIUTyaTa-
UOHHBIX 00BekTOB [lepmckoro kpas // Ussectus
TOMCKOTO  TONHTEXHHYECKOTO  YHHBEPCUTETA.
Nuwxunupunr reopecypcoB — 2018. — T. 329,
Ne 12. - C. 20-29.

32. The transient pressure behavior model of
multiple horizontal wells with complex fracture
networks in tight oil reservoir / Zongxiao Ren,
Ruifeng Yan, Xing Huang, Wenqgiang Liu, Zhan
Qu // Journal of Petroleum Science and
Engineering. — 2019. — Vol. 173. — P. 650-665.
DOI: 10.1016/j.petrol.2018.10.029

33. A new semi-analytical model for predicting
the performance of horizontal wells completed
by inflow control devices in bottom-water reservoirs /
Wei Luo, Hai-Tao Li, Yong-Qing Wang,
Jun-Chao Wang // Journal of Natural Gas Science
and Engineering. — 2015. — Vol. 27, part 3. —
P. 1328-1339. DOI: 10.1016/j.jngse.2015.03.001

34. Hamidreza Shahverdi, Mehran Sohrabi.
A mechanistic model for prediction of three-phase

ISSN 2224-9923. Bectaux ITHUITY. I'eonorus. Hedrerazosoe u roproe gexo. 2019. T.19, Ne3. C.263-274



274 ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2019. Vol.19, no.3. P.263-274

flow in petroleum reservoirs // Journal of Petroleum
Science and Engineering. — 2017. — Vol. 157. —
P. 507-518. DOI: 10.1016/.petrol.2017.06.073

35. Nonlinearity =~ and  solution  techniques
in reservoir simulation: A review / Pulok Kanti Deb,
Farhana Akter, Syed Ahmad Imtiaz, M. Enamul
Hossain // Journal of Natural Gas Science and
Engineering. — 2017. — Vol. 46. — P. 845-864.
DOI: 10.1016/j.jngse.2017.07.031

36. Segmentally variable density perforation

optimization model for horizontal wells in
heterogeneous reservoirs / Wei Pang, Dechun
Chen, Zhongping Zhang, Lifu Jiang, Bing

Wang // Petroleum Exploration and Development. —
2012. — Vol. 39, iss. 2. — P. 230-238.
DOI: 10.1016/S1876-3804(12)60036-6

37. A new and simple model for the predict-
tion of horizontal well productivity in gas
condensate reservoirs / P. Ghahri, M. Jamiolah-
madi, E. Alatefi, D. Wilkinson, H.Hamidi //
Fuel. — 2018. — Vol. 223. — P. 431-450.
DOI: 10.1016/j.fuel.2018.02.022

38. Khan R.A., Awotunde A.A. Determination of
vertical/horizontal well type from generalized field
development optimization // Journal of Petroleum
Science and Engineering. — 2018. — Vol. 162. —
P. 652-665. DOI: 10.1016/.petrol.2017.10.083

Please cite this article in English as:

39. Dowlatabad M.M., Jamiolahmady M.
New  approach  for  predicting  multiple
fractured horizontal wells performance in tight
reservoirs // Journal of Petroleum Science and
Engineering. — 2018. — Vol. 162. — P. 233-243.
DOI: 10.1016/j.petrol.2017.12.040

40. Modelling and statistical analysis of high
viscosity oil/air slug flow characteristics in a small
diameter horizontal pipe / G.Losi, D. Arnone,
S. Correra, P.Poesio // Chemical Engineering
Science. — 2016. — Vol. 148. — P.190-202.
DOI: 10.1016/j.ces.2016.04.005

41.Tankun B.U., [lonomapesa N.H., Permuna B.A.
UccnenoBanne mpouecca HeQTEU3BICUCHHS B
KOJUICKTOpaX Ppa3lWYHOTO THUMA IYCTOTHOCTH C
UCIIOJb30BAHUEM MHOTOMEPHOTO CTaTUCTHYECKOTO
aHamm3a // BectHuk IlepMckoro HaunMOHANIBHOTO
HICCIIEIOBATEIILCKOTO TOJMTEXHUYECKOTO YHUBEPCH-

tera. [eomormsi.  HedrerazoBoe u  ropHoe
gemo. — 2016, — Nel9. — C.145-154.
DOI: 10.15593/2224-9923/2016.19.5

42. Ananus a¢dexkTuBHOCTH MPUMEHEHUS
OUKJINYECKOM  3aKauykdh IKUIKOCTH Ha  MECTO-

POXICHUAX C Pa3IMYHBIMH TI'€O0JIOrO-TEXHOJIOTH-
yeckumu ycnosusimu / I H. Uymaxos, B.W. 3otukos,
NIO0. Konprues, C.B. Tamkun // Hedrsanoe
xo3aicTBO. —2014. — Ne 9. — C. 96-99.

Kochnev A.A., Galkin S.V. Estimated efficiency of radial drilling technology for Tournaisian production zones of the Perm Region.
Perm Journal of Petroleum and Mining Engineering, 2019, vol.19, no.3, pp.263-274. DOI: 10.15593/2224-9923/2019.3.6

[Ipocb0a cchiaThest Ha ATy CTaThIO B PYyCCKOS3BIYHBIX HCTOYHHMKAX CIIETYHOIIUM 00pa3oMm:
Kouner A.A., Tankun C.B. IIporHo3Has oneHka 3(QQEKTHBHOCTH TEXHOJOTHH PAJUANBHOTO OYypeHUs sl TYypHEHCKHX

SKCILUTyaTallUOHHBIX 00BEKTOB IulaTopMmeHnHoil wactu Ilepmckoro xpas //

Bectauk HepMCKOFO HallMOHAJIbHOI'O

HCCIIEIOBATENBCKOTO TIOJIMTEXHUYECKOrO yHHBepcuteTa. ['eonorusi. HedrerazoBoe u ropuoe geno. — 2019. — T.19, Ne3. —

C.263-274. DOI: 10.15593/2224-9923/2019.3.6

ISSN 2224-9923. Bectaux ITHUITY. I'eonorus. Hedrerazosoe u roproe gexo. 2019. T.19, Ne3. C.263-274



