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Abstract. The Steam-Assisted Gravity Drainage (SAGD) method is one of the most
effective methods of oil recovery from low-permeability reservoirs with high-viscosity
oil. Particularly for productive reservoirs with thicknesses of 25 and 30 meters, the
SAGD method may be successfully applied under certain conditions. One of the main
advantages of the SAGD method is the capability to recover oil from thin reservoirs
that were previously inaccessible for production. In addition, the SAGD method may
significantly boost the oil production ratio and minimize the negative impact on the
environment, since it requires fewer wells than conventional production methods.
However, the application of the SAGD method also has its limitations and drawbacks.
In particular, the method requires considerable initial investment, as well as high-
energy intensity. In addition, the SAGD method may not be effective under certain
geological settings, such as a rough reservoir surface and the presence of geological
checks. Thus, the successful application of the SAGD method for productive reservoirs
with thicknesses of 25 and 30 meters requires a thorough study of the geological,
hydrodynamic and economic conditions of the field. Besides, a detailed simulation of
the SAGD process employing custom-made software tools, such as Eclipse, should be
performed to optimize process parameters and maximize oil production.
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AnHoTtanus. by rpaBuTaumsublk MyHail apeHaxsl (SAGD) THIFBI3 )KOHE TYTKBIP
KabaTrTapiaH MyHaiIbl alxyJablH €H THIMII oicTepiHiH Oipi Oonbinm TaObutagbl. Artam
aliTKaH/Ma, KAIBIHABIFBL 25 >xoHe 30 Merp OonartblH cy KoWManapel yira SAGD
oxmici Genrimi Oip >karmaiimapna coTTi KoMAaHburybl MyMKiH. SAGD omiciHiH Herisri
apTHIKIIBUIBIKTAPBIHBIH Oipi - OyphIH Naiganany MyMKiH OoJIMaraH jKyKa KadarTtapaaH
MyHa#l any mymkiaziri. ConsiMen karap, SAGD ogici MmyHail eHIipy KbUIIaMIBIFbIH
aiTapibIKTail apTTHIPHIN, KOPLIaFaH OpTara Tepic ocepii azaiiTa anajabl, OUTKEHi ol
IOCTYPIi OHIIpY oAicTepiHe KaparaHIa a3 YHFbIMalapAbl KaxeT ereni. [lereHmew,
SAGD opiciH KONJaHYIBIH IMISKTEYJIEepi MEH KEeMUIUTIKTepi Ae Oap. Mbicaibl, ofic
OacTamkbl Ke3eHAe aWTapibIKTail MHBECTHULMSIAPIABI, COHIAH-aK >KOFapbl SHEPrus
CHIMBIMIBLUIBIFBIH Tanan ereni. ConbiMeH Katap, SAGD omici kelOip TeoNOrHsUTBIK
XKaraainapaa THiMA1 60JIMaybl MYMKiH, MbICaJibl, KabaT OeTiHiH OipKeNKi eMecTiri KoHe
reoNIOTHSUTBIK Kenleprinepain 6omysl. Ocbuaiima, KaabIHIBIFB 25 kaHe 30 MeTp OosaThIH
cy xoimanapsl yuria SAGD oniciH coTTi KongaHy YIIiH KEH OpHBIHBIH T'€OJIOTHSIIBIK,
THAPOJMHAMUKAIIBIK >KOHE SKOHOMHKAJIBIK JKaFJaiapblH MYKHAT 3€pheliey KaKeT.
ConbimMen katap, Eclipse cHsKTBI apHaiibl OarmapiamaiblK KypainapAbl Maiianana
oteipbil, SAGD mpornecin erkel-Terxein Mopenbiey Opouecc MapaMeTplepin
OHTaNaHIBIPY JKoHE MYHail Oepyai OapbIHIIA apTTHIPY YLIIH KaXeT.
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AunHoTanus. MeTtox maporpaBHTalMOHHOTO IpeHaxa HedtH (SAGD) sBnsercs
ofHUM U3 Haubojee 3PPEKTUBHBIX METOAOB AOOBIYM HE(PTHU M3 HU3KOMPOHHLIAEMBIX
IUTACTOB C BBICOKOBSI3KOM He(dThI0. B YacTHOCTH, Ui MPONYKTUBHBIX IJIACTOB C
tonmuHamMu 25 u 30 merpoB Metog SAGD MOxeT OBITh YCHEUIHO NMPUMEHEH IMpH
onpeneieHHbIX ycnoBusaX. OAHMM U3 OCHOBHBIX IpeumylnectB meroga SAGD
SIBIISIETCS. BO3MOXKHOCTH J0OBIYM HE(TH M3 TOHKMX IUIACTOB, KOTOphHIE paHee ObLTH
HEAOCTYNHBI Il dKcIutyarauuu. Kpome Ttoro, meton SAGD moxer 3HauMTENnBHO
YBEIMUUTHh KOAPPHULUMEHT N0OBIYM HE()TH U COKPAaTHTh HETaTHMBHOE BO3JCHCTBUE Ha
OKpYXaIOILIyl0 cpedy, TaKk Kak OH TpeOyeT MEeHbIE CKBaXWH, YeM TPaIulMOHHBIE
MeTozbl 1o0brun. OnHako npuMeHeHue meroga SAGD Takske MeeT CBOM OrpaHUYEHHS
u HepocTatku. Hampumep, Metoxn TpeOyeT 3HAYMTENbHBIX WHBECTULUM Ha Ha4aJbHOM
JTamne, a Takke BBICOKOH sHeproeMkocTH. Kpome toro, merom SAGD moxer ObITH
Hed(p(PeKTUBEH MpH HEKOTOPHIX TE€OJOTMYECKMX YCIOBUSX, TaKMX Kak HEpoBHas
MOBEPXHOCTH IJIaCTa U HAJMYUE TeOJIOTHUECKUX MpensaTcTBuid. Takum oOpazom, Ui
ycrnemHoro npuMeHerns meroga SAGD a1t poayKTUBHBIX IJIACTOB € TOJIIUHAMU 25
u 30 MeTpoB, HEOOXOAMMO TIIATENbHO M3YYHUTh €OIOTHUECKUE, THAPOANHAMHYECCKIE
U DKOHOMHUYECKHE YCJOBUSI MecTopokieHus. Kpome Toro, HeOOXOOMMO TMPOBECTH
JeTanpHoe MozienupoBanue nporuecca SAGD c ncnonb30BaHNEM clieUaTN3UPOBAHHBIX
MPOrpaMMHBIX WHCTPYMEHTOB, Takux Kak Eclipse, mis onTUMu3amuuy mapamMeTpoB
mpolecca 1 MAaKCUMHU3aHK J0ObIYU HE(TH.
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Introduction

There are considerable challenges in the global oil and gas industry to actively
develop huge reserves of high-viscosity oils and bitumens. Reserves of light oils are
gradually depleted and there is a need for maximum possible recovery of high-viscosity
oils and bitumens to replenish and strengthen the resource base of the fuel and energy
complex.

Experience in developing fields of high-viscosity oils and bitumens has shown that
the most effective and feasible recovery methods for heavy oils are thermal methods.

By now the global oil industry is developing rapidly and at a tremendous pace, new
methods and technologies for recovery of heavy oils are appearing, making our options
vast when choosing thermal methods for a particular field. Thus, some of the main and
frequently used methods of thermal treatment are as follows: - steam-treatment, - in-
situ combustion, - hot water injection, - steam-cyclic treatment of bottomhole zones of
producing wells and combination of these methods with other physical and chemical
methods (combined methods) (McLennan et al., 2006).

As evidenced in practice, the most widespread of all known arsenal of thermal
methods are technologies, the essence of which is based on the heat transfer agent
injection into the reservoir: the reservoir stimulation by pattern steam injection and
steam-cycling treatment of producing wells.

Due to the above-mentioned technologies about 80 % of all high-viscosity oils and
bitumens are produced in the world via state-of-the-art enhanced oil recovery methods
(Karazhanova et al., 2023).

In order to select the optimal method of thermal treatment of the pay zone, it is
necessary to study the geological and production characteristics of the productive
reservoir, build a model of the reservoir, and calculate the expected well rates in the
SAGD method for different reservoir thicknesses (Gotawala et al., 2010).

Meanwhile, it is necessary to build a model of the well, calculate its profile, and
determine the length of the horizontal section to employ the SAGD method.

Methods

The mathematical model built in the Eclipse program allows determining the state
of the simulated process at any time by its known initial state. By setting a change of
this or that parameter, it is possible to draw conclusions about its overall effect on the
process (Birrell et al., 2000).

In order to build a hydrodynamic model, the candidates of X field, characterized
by high values of density and viscosity of oil, were selected. The characteristics of 2
productive reservoirs with a thickness of 25 and 30 m to build a hydrodynamic model
were as follows:

- the density of oil is about 915 kg/m?;

- the reservoir waters are of the calcium chloride type with a density of 1.095 g/cm’
and mineralization of 95 g/l;
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- the oil viscosity is 5.6 Pa*s, i.e. the oil in the field belongs to ultra-viscous.

The characteristics of a productive reservoir are as follows:

- the vertical thickness of pay zone is 25 and 30 m at depths of 903-936 m;

- the reservoir is composed of irregularly alternating sandy-siltstone and clayey
rocks;

- pay zones in the field are represented by sandstones and siltstones, with a porosity
of 23-29 % (open porosity);

- the permeability of rocks is 1500 mD;

- oil saturation factor is 0.5-0.6;

- the gas saturation factor is 0.32-0.69;

- initial reservoir pressure in reservoirs is 2.0-2.5 MPa;

- temperature is 25-35°C;

- oil flow rates are 26.4—62.1 m3/day.

Based on the set objectives, the first stage was built a mathematical model in the
Eclipse program, which allows determining the state of the simulated process at any
time by its known initial state (Chan et al., 2012). At the second stage according to
SAGD method, the process of injection of highly heated steam into productive reservoir
was simulated with the following injection regime: — steam temperature - 300°C,
steam injection volume — 1600 kg/hour, for 15 days (Gladkov et al., 2012). By setting
a change of one or another parameter in the ECLIPSE program, it is quite possible to
draw conclusions about its effect on the process occurring in the reservoir as a whole
(Zhao et al., 2013).

We used the ECLIPSE 2003A 1 program version to build models (Schlumberger,
ECLIPSE - 2003). In this program version, the following innovations are used to build
the well model:

— Steam Assisted Gravity Drainage (SAGD) technology option is implemented,
which allows determining the injection capacity of well, depending on the selection of
neighboring wells of the scheme. This option is controlled by the WCONINJP keyword;

— connection D-factors for the inflow-dependent skin factor can be calculated from
the expression defined by the WDFACCOR keyword. This expression is based on the
correlation of the inertial resistance coefficient, which depends on the permeability and
porosity of the connected grid units;

—wells and groups can now control their heat rate with new control modes and values/
limits in the WCONPROD and GCONPROD keywords. The molar thermal equivalents
must be defined with the CALVAL keyword before applying the new control mode;

— the WINJMULT keyword can now be employed to enter multipliers for injection
wells changing along with their bottomhole pressure value, or wellbore pressure adjacent
to individual junctions.

Calculated hydrodynamic models of the SAGD method were built for productive
reservoirs with vertical thickness of pay zone of 25 and 30 m and flow rate planning for
the operation period of 10 years (Zhao et al., 2014).

Results and Discussion

The oil saturation growth model shown in Figure 1a after the SAGD process shows
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a significant increase in oil saturation over time (the red zone turns to yellow and then
to blue).

Figure 1b shows the growth of reservoir rock temperature surrounding the steam
chamber in the reservoir, which allows concluding that the temperature of the productive
reservoir increases over time and has a positive effect on reducing oil viscosity and
increasing the oil recovery factor (ORF) - the blue zone gradually turns into red.

a) 0)

- growth of oil saturation in the reservoir at h =25 m (a) and at h = 30 m (b).
Fig. I - Computational model of oil saturation growth for productive reservoirs
ath=25mand h=30m

a) 0)

s C o

- - — — N | - ] .

- visualization of steam chamber impact on the productive reservoir at h = 25 m (a) and at h =30 m (b)
Fig. 2 - Visualization of oil volume change process under the steam impact
ath=25mandh=30m

From the analysis of reservoir models, shown in Figure 2, it follows that the oil
viscosity of the productive reservoir decreases significantly during the exposure time
(the red zone gradually turns into a blue zone) and the heating of the reservoir zone
increases, which positively affects both reducing oil viscosity and increasing the oil
recovery factor.
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From the graph in Figure 3a it follows that the total heat loss increases over time
(blue and green lines) due to an increase in the steam chamber and, consequently, the
heating area of the cap rock. Heating the upper part of the reservoir to the temperature
of steam is undesirable because of the high heat loss in the surface, as well as because of
the high heat requirements of the chamber. Losses in the covering layers also increase
due to the fact that the steam chamber advances under the side of the reservoir roof and
all the generated heat goes to heating the cap rock and the baren zone above the oil-

saturated reservoir.

)=

0)

Instantaneous values of heat loss at h=30 m

Initial oil reserves ath =25 m

Instantaneous values of heat loss at h=25 m

Initial oil reserves at h =30 m

— Total heat loss at h=25 m

= Total heat loss at h=30 m

Fig.3 - Total heat loss and instantaneous heat loss (a)

and initial oil reserves (b) at h =25 and 30 m

In 10 years the ORF will reach a value of 0.36, which follows from the graph in
Figure 3b (Butler et al., 1985). The graph corresponds to the graph built according to

4a).

Butler theory (Butler et al., 1994) (Figure
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Fig.4 - Expected growth of ORF (a) and total oil production (b) according to Butler theory
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a) 0)

= Total oil production at h=25 m = Pressure eventath=25m
= Total oil production at h=30 m T Pressureeventath=30m
= Qil production rate at h=25 m
= Qil production rate at h=30 m

Fig. 5 - Oil production rate and total water production (a) and pressure event (b)
ath=25and h=30m

Numerical results from Graph 5a predict the typical three stages of SAGD, i.e.,
the steam chamber while Butler theory captures only steam chamber growth and oil
production decline after reaching a peak, when the steam chamber extends vertically to
the top of the pay zone (Zhao et al., 2013). It has been observed that oil production rate
curves show significant fluctuations, especially in the early stages of steam injection.
This is probably due to frequent phase changes in the unit grid near the well area (Shin
et al., 2007).

The Graph 5b shows the dependence of total oil production on the time of field
development. Upon completion of all phases of field development, we determine the
total production based on this graph. It is known that with increasing the period of field
operation there is a decrease in reservoir pressure and the transition from the free-flow
production method of the field to the pumping method, this process is well reflected in
Graph 5b.

a) 0)

— Watercutath=25m
Watercut at h =30 m

= Cumulative steam-oil factor at h=25 m
= Cumulative steam-oil factor at h=30 m

Fig. 6 - Cumulative steam-oil factor (a) and watercut (b) at h =25 and 30 m

Fig. 6 - Cumulative steam-oil factor (a) and watercut (b) at h =25 and 30 m
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The increase in the steam-oil factor does not begin immediately with the injection
of steam, but there is a gradual increase in its effect on the increase in oil production, as
shown in the graph in Figure 6a.

As follows from the analysis of data shown in Figure 6b, when carrying out
technological SAGD operations, the water cut of wells increases slightly from 0.55 to
0.75, which is due to a high degree of oil steam energy transfer and steam condensation
at the boundary of the steam chamber.

i k g
fion, A i A M
| | b ¥ | Y .| : L L AW k.
1] I.' | | i 1 | '-I'I
=, 1 1 1 L |
| ' i
Water flow rate at h=25 m Total water production ath =25 m
Water flow rate at h=30 m Total water production at h =30 m

Fig. 7 - Water flow rate and total water production at h = 25 and 30 m

Water flow rate during technological SAGD operations fluctuates in a significant
amplitude in the initial period of time, and then the value of the water flow rate,
significantly reduced and stabilized over time. Since the main source of steam in SAGD
is water, the growth of its extraction over time is quite logical. The graph in Figure 7
shows that the growth of the volume of extracted water grows linearly over time.

Conclusion

The Steam-Assisted Gravity Drainage (SAGD) method is one of the thermal methods
for increasing oil and gas production from low-permeability reservoirs with viscous oil.
The method is based on the use of high-temperature steams to reduce oil viscosity and
increase its mobility, which contributes to increased production.

The developed method of simulation in the ECLIPCE program allows to:

- preliminary evaluate the effectiveness of the SAGD method for the development of
low-capacity productive reservoirs with high-viscosity oil;

- trace the process of high-viscosity oil heating in the reservoir and display the
distribution of highly heated steam over time;

- determine the initial heat loss and initial oil reserves in the reservoir;

- calculate the expected ORF for a specified period of time;

- predict the rate of oil and water production, as well as pressure events in the
reservoir;

- set the expected steam-oil factor and watercut of productive wells over time;

- obtain the expected water flow rate and total water production over time.

When simulating SAGD for different thicknesses of productive reservoirs, it
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is necessary to keep in mind that the SAGD process may be more effective for thin
reservoirs than for thick ones. Thick formations may require the use of more wells and
more steam generators to achieve the desired efficiency.

Thus, the hydrodynamic simulation of the Steam-Assisted Gravity Drainage method
for different thicknesses of productive reservoirs using Eclipse is a complex and multi-
parameter process, which requires the preparation of a geological model, determining
the physical parameters of the reservoir.
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