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ANNOTATION

This article discusses a digital geological model, the transfer of borehole data to the geological
grid, and the modeling of the technology of alternating steam and water injection. Alternating
injection involves the cyclic injection of steam and water into an injection well in high-viscosity oil
fields. The essence of this technology is that during the steam injection for 2-4 months, the
formation warms up, leading to a decrease in viscosity and an increase in oil mobility. Then comes
the period of water injection, during which the production of already warmed oil continues and
the formation pressure is maintained. For digital geological modeling, the following data were
collected, processed and prepared: a list of wells that open the object of modeling, coordinates of
wellheads, well altitudinal data, inclinometry of well trajectories, GMS data on wells, analysis of
wells drilled with core sampling, and digitized seismic data (structural surfaces on the roof of
stratigraphic horizons, parameter maps, contact surfaces, faults, structural maps on the roof of
target horizons with faults, isochron maps, velocity maps).

Keywords: modeling, well, analysis, core sampling, hydrodynamic study.

Moldabayeva Guinaz Zhaksylykovna

Information about authors:

Doctor of Technical Sciences, Associate Professor of the Department of Petroleum Engineering,
Satbayev University, 050013, Satpayev  22a, Almaty, Kazakhstan. E-mail:
g.moldabayeva@satbayev.university;  moldabayeva@gmail.com, https://orcid.org/0000-0001-
7331-1633.

Agzamov Avaz Khamidillaevich

Doctor of Technical Sciences, Professor of the Department of Development and Operation of Oil
and Gas Fields, Karshi Engineering and Economic Institute, 180100, Mustakillik Avenue, 225,
Karshi, Uzbekistan.

Suleimenova Raikhan Taupikhovna

Doctoral student of the Department of Petroleum Engineering, Satbayev University, 050013,
Satpayeva  22a, Almaty, Kazakhstan.  E-mail:  raika_83@mail.ru,  830809400443-
D@stud.satbayev.university , https.//orcid.org/0000-0001-7995-5560.

Elefteriadi Dmitriy Konstantinovich

Doctoral student of the Department of Petroleum Engineering, Satbayev University, 050013,
Satpayeva 22a, Almaty, Kazakhstan. dimon636_91@mail.com

Abileva Saule Zhalgasbaykyzy

Doctoral student of the Department of Petroleum Engineering, Satbayev University, 050013,
Satpayeva 22a, Almaty, Kazakhstan. E-mail: saulezh007 @gmail.com.

Baluanov Bakytzhan Aytuarovich

Doctoral student of the Department of Petroleum Engineering, Satbayev University, 050013,
Satpayeva 22a, Almaty, Kazakhstan. baluan101@gmail.com.

Introduction

Evaluation work on alternating injection steam
and water was carried out on the basis of geological
and hydrodynamic modeling, by creating a thermal
composite model of the selected site. A digital
geological model of a field is a representation of
productive formations and their host geological
environment in the form of a set of digital data in a
three-dimensional grid of cells.

The project of geological modeling of the sectors
of the development objects of interest was created
in the modeling program Petrel of Schlumberger,
then the collected, processed and prepared data
was loaded into it.

Experimental part

The geological model of the sector of the
western section includes three productive horizons
of the Lower Cretaceous deposits: A, B, and C. All
deposits are oil [1].

The simulation consists of the following
procedures:

1. Download all available data, including
interpreted GMS, seismic, and sampling data;

2. Correlation and construction of a structural
framework taking into account discharge violations;

3. Distribution of lithology and FCP [2].

A fragment of the horizontal correlation
scheme is shown in Figure 1.
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Figure 1 - Fragment of the correlation scheme for wells No. 4033, 4035, 4021

Structural modeling

The fundamental stage of geological
modeling is the creation of a structural framework.
Sequentially, the modeling process using a structural
framework looks like this:

Construction of structural maps on the roof
of horizons using stratigraphic chops (markers) on
the roof of formations in wells.

Building a fault model. According to the
available interpretation data, a fault model is
constructed, in which each fault is represented by a
surface, and these surfaces are correctly connected
to each other in the intersection area.

The final stage of structural construction is the
conversion of the structural framework into a 3D
model consisting of cells of a given size, within which
lithology and petrophysical properties can be
distributed based on borehole data.

All structural maps were constructed using
the Convergent Interpolation method with a grid
size of 25m*25m, the rotation angle is -1080, which
corresponds to the direction of the seismic cube [3].

Creating a three-dimensional geological grid.
The main stage in modeling is the construction of a
three-dimensional grid (a framework that consists of
cells with a set of digital geological data).

A properly constructed three-dimensional
grid is the basis for building a correct geological
model.

The size of the grid cells in the plane during
geological modeling is 30x30 meters for all horizons.
The number of vertical cells was chosen in such a
way that the cell size was on average about 0.6
meters [2]. Such grid sizes are most optimal when
constructing geological models, since on the one
hand they are more comparable to the sampling
step of GMS curves, and on the other hand they
provide an acceptable number of cells in terms of
calculation time. Discontinuous faults were modeled
based on the results of 3D seismic interpretation. To
avoid cell curvature when modeling tectonic faults in
a 3D grid, the zig - zag type faults method was
chosen. The grid characteristics of the three-
dimensional geological model are presented in Table
1.
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Table 1 - Characteristics of the sector grid

Number of cells on the axis Cell size by axis

Horizon Dz Total number of
Nx Ny Nz Dx,m Dy,m average, cells by model

m

A; 42 55 25 30 30 0.6 57750

b 42 55 21 30 30 0.6 48510

B 42 55 22 30 30 0,6 50820

total 42 55 68 30 30 0.6 157080

Transfer of borehole data to the geological grid.
In the future, the results of the GMS interpretation
were transferred to the model cells located along
the well trajectory. The correctness of their transfer
was checked visually on the well section for each
well. To create the average values of the lithology,
the Coll curves were taken, for the PHIE porosity [2,
5].

Lithological modeling. To distribute the value of
a continuous cube of facies in the inter-well space,
we used the deterministic interpolation method
Indicator kriging available in Petrel. In the
constructed facies cube, the parameter values
ranged from 0 to 1, dividing the volume of the
simulated area into a collector and a non-collector.

Building a porosity cube. The porosity cubes
were calculated after converting the GMS porosity
to the grid cells for all wells within the permeable
layers and conducting Data analisys. Further, the
porosity was distributed using the stochastic
Gaussian algorithm SGS (Sequential Gaussian
Simulation).

g 524e+6

9 5245e+6

To monitor the quality control of the porosity
cube construction, histograms were used, which can
be used to compare the results of common,
averaged, and original GMS data [1, 2].

Construction of a sector hydrodynamic model
of the Western section. The hydrodynamic sector is
cut out of the geological model with the
preservation of all structural structures and
petrophysical properties. All vertical and horizontal
geological heterogeneities are preserved.

The creation of a hydrodynamic model was
carried out in the tNavigator software product of
Rock Flow Dynamics using a composite core (e300)
with the thermal option enabled, since steam-
thermal treatment of wells (STTW) was carried out
at this site and steam was pumped. Table 2 shows
the parameters of the western sector.

Properties of fluids. In the sector model, a two-
component PVT model was used, using the
dependence of oil viscosity on temperature (Table
3).
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Figure 2 - Sector model of the western section
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Table 2 - Sector parameters

Dimension 30x30x0.6
Number of wells 65
Start date of development 01.02.2001

Table 3 - Dependence of oil viscosity on temperature

Temperature, C Oil viscosity
10 700
20 500
30 400
50 150
80 50
100 20
120 12
180 5

200 2
250 1
300 1

temperature dependence
of oil viscosity

Figure 3. Dependence of oil viscosity on temperature

Table 4 - Results of determining RPP in the "oil-water" system on model Ne 1

P]e;;':;nit:?:eof Sc.lturation,- Phase permeability, um2*10-3 Relative pi.mse perm-eability,
Ne modes flow, % fractions of units. fractions of units.
oil w¢r1te oil water ol water oil water
1 0 100 0 1 0 3021,38
2 100 0 0,769 0,231 2818,45 0 1 0
3 75 25 0,694 0,306 2209,7 14,092 0,784 0,005
4 50 50 0,645 0,355 1739,01 31 0,617 0,011
5 25 75 0,592 0,408 1319,1 70,46 0,468 0,025
6 10 90 0,526 0,474 808,91 129,65 0,287 0,046
7 5 95 0,477 0,523 532,7 183,2 0,189 0,065
8 0 100 0,367 0,633 0 763,81 0 0,271
The boundary value of porosity for Cretaceous 10000 chalk 3 gz
and Jurassic sediments is determined by the rooe Kpr —206% ] 4= .:‘,;.«;;'if‘ff P
intersection of the boundary value of permeability o S et SaRtin
with the trend of the dependence of the ? '/; 20 il aie 1
permeability coefficient on the porosity coefficient, & e
respectively, equal to 20.6% and 18.2% (Fig. 4) [6- oo1 5

Relative phase permeabilities and capillary
pressures. Figure 5 shows the relative phase Figure 4 - Dependence of the coefficient of permeability

permeabilities used in the model. and porosity (chalk)
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turation with water

Figure 5 - Relativeiph;se permeability curves for the
western section

Permeability

When constructing the permeability cubes,
the dependences obtained during laboratory core
studies were used. But during the adaptation, the
permeability multipliers were used for individual
regions of wells, in which the operation was carried
out using the technology of non — limiting sand
removal to the bottom of the well (CHOPS-the
technology of cold production of heavy oil with sand
extraction). During the extraction of sand, long
channels with increased permeability (wormholes)
are formed, which grow from the well into the oil
reservoir at distances of 200 m or more.

Modeling of thermal properties. Cubes of
specific heat capacity and thermal conductivity were
used to model the thermal properties of the rock.
Since there are no initial data on these properties,
the parameters were selected by reproducing oil
production in the areas using steam injection.

In all sections, the values were used: specific
heat capacity (HEATCR) in sandstones of 1200
kJ/m3/K and in clays of 1600 kJ/m3/K; specific heat
conductivity (THCONR) in sandstones of 1800
kJ/m/day/C and in clays of 3000 kJ/m/day/C.

2000

Adaptation to the development history. Since
the purpose of building a hydrodynamic model is to
be able to plan development and predict the results
of drilling wells and GTE, the model should
adequately describe the development process. The
results of the hydrodynamic calculations generated
by the simulator should be close to the actual
development history. Due to the fact that this model
belongs to the category of the most complex —
thermal-compasional, there are inconsistencies in
the downhole adaptation. This is also due to the fact
that the model is a sector, which accordingly
requires the connection of side aquifers. The results
of the adaptation are shown in Figures 7-8.

number of blocks
g & &

g

°

50000 100000

Figure 6 - Histogram of the distribution of the
permeability cube in the model

Calculation of forecast indicators for options.
After preparing the model and carrying out the
adaptation, forecasts of the main technological
indicators of the development were made for
different schemes of alternating steam-water
injection, and different volumes of steam and water.
2 schemes of steam and water injection were
modeled, steam with parameters-240C and 40%
dryness, water-20C, injection period 3-3 and 1
scheme basic version: a total of 10 options (Table 5).
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Figure 7 - Results of adaptation by dynamic indicators
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Figure 8 - Adaptation results for accumulated indicators

Table 5 - Forecast by options

Varian . Loading Steam injection Steam Number of Water injection
Loading System . L
ts period volume generators injection wells volume
1 Basic
2 Situational 11t/h 2 3 50% - 100%
3 Chessboard 11t/h 2 3 50%
4 Chessboard 11t/h 2 3 100%
5 Chessboard 22 t/h 2 3 50%
6 Chessboard 3/3 22t/h 2 3 100%
7 G shaped 11t/h 2 3 50%
8 G shaped 11t/h 2 3 100%
9 G shaped 22 t/h 2 3 50%
10 G shaped 22 t/h 2 3 100%
36 60 - il 3
34 32,6
32 —<>il <
30 31,9 g — .
28 p|
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Figure 9 - Dynamics of project oil production and ORF

The results of the forecasts for 10 variants
were plotted on the graph (Fig. 9) for the
convenience of visual analysis

As can be seen from the dynamics of project
oil production and ORF, the highest accumulated
production is demonstrated by option 5.

Conclusions

The technology of alternating steam and
water injection is aimed at increasing the
displacement coefficient in poorly drained zones of
the reservoir saturated with high-viscosity oil. This




Complex Use of Mineral Resources. Ne2 (317), 2021

ISSN-L 2616-6445, ISSN 2224-5243

technology was considered both as a replacement
for traditional water flooding, and as a replacement
for steam injection.

The interim results of the PILOT TESTS on the
use of this technology were mixed. In some areas, a
significant effect was obtained. For example, in the
western section of the first facility, significant
increases in production rates and additional oil
production were obtained. At the same time, in
some areas, a significant effect is not observed.

Thus, from the point of view of technological
efficiency, option 5 is preferred - a staggered system
of steam and water injection, the injection period is
3-3, the volume of steam and water injection is 22
t/h for 3 injection wells, the volume of water
injection is 50% of steam for 3 injection wells, since
it provides the highest ORF value (34.1% in 2034).
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TYWIHAEME

Byn mMmaKkanafa UuMOPAbIK TEoNOrMANbIK  MOAeNnbaey, YHFbIManap Typanbl ManimeTTepai
reonoruANbIK TOpFa OpHanacTbipy, 6y MeH cyapl Ke3eKneH aifay TEXHONOTUACbIH MOAENbAEY
Typanbl anuTblnagbl. KesekneH ainaay - TYTKbIP/bIFbl XOFapbl MyHall KeH OpblHAAPbIHAAFbI aiday
YHFbIMAcblHa 6y MeH CyAblH, UMKNAIK ailAanyblH KamTuabl. By TeXHONOMMAHBIH MaHi - 2-4 ail 6olibl
byabl agay KesiHge KabaT Kbi3agbl, HITUXKECIHAE MYHaWAbIH, TYTKbIP/biFbl TOMEHAENA] KaHe

Makana kengi: 23 aknax 2021
PeueHseHTTEH oTTi: 10 Haypsbi3 2021
KabbingaHapl: 23 cayip 2021

KO3faNfFblWTbIFbl apTagabl. CopaH KeliH cy ailpgay KeseHi 6actanagbl, 6yn Kesge KabatTafbl
KbI3AbIpbINFaH MyHall eHpgipici »kanfaca bepegi aHe KabaT KbiCbiMbl cakTanagpl. CaHAbIK
reo/IornANbIK, MoAenbaey YWiH Keneci ManimeTrtep XMWHAKTanbin, eHAaenin

LAWblHOANAbI:

mozenbaey obbeKTiciHAeri yHFbIManap Ti3imi, yHFbIMa caFasapbliHbiH, KOOPAUHATTAPbI, YHFbIMA
aNbTUTYAAChl, YHFbIMA TPAEKTOPUANAPbIHbIH, MHKAMHOMETPUACHI, YHFbIManapabl ecenke any

[EepeKTepi, KbIHbICE3eK anblHbIN BypfbliaHFaH YHFbIManapapl Tangay sKoHe

UMOPIbIK,

ceicMUKanblK ManimeTTep, onap (cTpatmrpaduasblk rOPU3OHTTAPAbIH, MOFapFbl sKafblHAAFbI

KypblnbiMaplK  6etTep,

napameTpniepaiH, KapTanapbl, aHacy 6eTTepi, Xep KbIPTbICbIHbIH,

Yapbl/IFaH Kepaepi, MakcaTTbl FOPUBOHTTAPABIH, KOFAPFbl XKafblHAAFbl KYPbIIbIMABIK KapTanap,
M30XPOHABIK KapTanap, Xblngamaplk KapTanapbl).
TyiiiH ce30ep: modenboey, yHFbIMa, Manoday, #blHbICO3eK asny, 2uOPOOUHAMUKAbIK 3epmmey.
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rmapoguHamunueckoe moaennposaHue pa3paboTKM MecTopoXKAEeHUA C
npMMeHeHuemM MeToA0B NoBbileHUA HedTeoTaaumn NNacTos

' Monpabaesa I.}K., 2 Arsamos A.X., ! Cyneiimenosa P. T., ! Enedprepuaau A.K., *A6unesa C. XK.,

lpanyaHos B. A.

1 Satbayev University, Anmamel, KazaxcmaH
2 KapwuHcKuli uH#ceHepHo-3KoHoMu4eckuli uHcmumym, 2.Kapwu, ¥Y36ekucmaH
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AHHOTAUMA
B ﬂ,aHHOﬁ CTaTbe paccmaTpuBaeTca Ll,l’ld)pOBaﬂ reonornyeckaa moaenb, NepeHoC CKBaXXMHHbIX
AaHHbIX Ha reo/IornM4eckyto CeTky, moaennpoBaHue TeXHO/I0TMU qepep,yrou.l,eﬁcn 3aKayku napa un

Cratba noctynuna: 23 gpespansa 2021 BOAbl. Yepeaylowana 3akayka noapasymeBaeT UMKAMYECKYH0 3aKayky napa WM BoAbl B
PeueHsuposaHue: 10 mapma 2021 HarHeTaTeNbHYIO CKBaXXMHY Ha MECTOPOXIEHMAX BbICOKOBA3KMX HedTel. CyTb [AaHHOM

MpuHAaTa B Nnevatb: 23 anpens 2021

TEXHONIOTMM 3aKNK0YAETCA B TOM, YTO BO BPEMs 3aKauyku Mmapa Ha nNpoTaxeHun 2—4 mec.
NPOUCXOANT NPOrPeB NAacTa, NPUBOAALLMIA K CHUMKEHMIO BASKOCTU U YBEANYEHMIO MOBUNBHOCTM
HedTW. Janee HacTynaeT Nepuos 3aKauku Bogpl, BO BPEMA KOTOPOro NpoAo/XKaeTca BbipaboTka
yXe nporpetoit HedTM U NOALEP)KKA NAACTOBOrO AaBaeHua. a8 uMppoBOro reonornyeckoro
MoZennpoBaHuA nposoauaca cbop, ob6paboTka M MOATOTOBKA CAEAyOWMX AAHHbIX: CMWUCOK
CKBaXMH, BCKPbIBAOWMX OBBLEKT MOAENMPOBAHMA, KOOPAMHATbI YCTbEB CKBAaXMH, anbTUTyAa
CKBaXKWH, MHKAMHOMETPMA TPAEKTOPUIA CKBAXKMH, AaHHble TMC No CKBaXKMHAM, aHaNN3 CKBAXKWH,
npobypeHHbIX ¢ OT6OPOM KepHa M OUMPPOBAHHbIE CEMCMUYECKME [AaHHble (CTPYKTypHble
MOBEPXHOCTU MO KPOB/E CTPaTUrpaduUecKnXx FrOPM3OHTOB, KapTbl MapameTpos, MOBEPXHOCTU
KOHTAKTOB, Pa3/ioMbl, CTPYKTYPHbIE KapTbl MO KPOB/E LLeNEeBbIX FOPU3OHTOB C Pa3/ioMamMm, KapTbl
MN30XPOH, KapTbl CKOPOCTEW).

Kniouesble cnoea: modenuposaHue, CKBAMCUHA, aHAAU3, ombopa KepHa, 2u0poOUHaMUYecKoe
uccnedosaHue.
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