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ABSTRACT 

Steam-Assisted Gravity Drainage (SAGD) method is recognized as one of the most effective methods for 

the recovery of heavy oil and natural bitumen. This technology has received several modifications 

throughout its history designed to improve it. One of the promising modifications is the Single Well-SAGD 

(SW-SAGD), which allows significantly reducing the CAPEX for drilling a well. However, this method has 

several disadvantages such as steam breakthrough into the production part and the uneven development of 

the steam chamber along the well. This article presents the concept of a Single-Well Cyclic SAGD (SWC-

SAGD), which allows preventing the breakthrough of the injected steam into the production section and 

the uniform development of the steam chamber along the well. The comparison analysis of the developed 

modification of SWC-SAGD was carried out using the classical method of 3D hydrodynamic modeling of 

both options using the example of one of the fields of the Republic of Kazakhstan. The results of the work 

show the efficiency of the proposed technology in terms of field oil total production. 
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I. INTRODUCTION  

Until recently, traditional petroleum oil easily met the 
world demand. However, most light oil fields are currently in 
the final stages of exploitation. This has led to the consideration 
of alternative or underutilized energy sources, among which are 
heavy oil and natural bitumen, which are the most accessible in 
both short- and long-term runs. Heavy oil and natural bitumen 
reserves are twice the light oil reserves. The global demand for 
heavy oil and natural bitumen is 5.6 trillion barrels. Most of 
these reserves are in Venezuela and Canada [1, 2]. Heavy oil 
and natural bitumen reserves in the Republic of Kazakhstan 
equal to 42 billion barrels [3]. 

Among the main methods of producing heavy oil and 
natural bitumen, the SAGD method, a method of producing 
heavy oil by injecting high-temperature steam, stands out [4]. 
The main difference between this method and the traditional 
method of continuous steam injection [5] is the drilling of two 
horizontal wells located one above the other and the creation of 
a steam chamber, along the perimeter of which the heated oil 
has increased mobility (reduced dynamic viscosity), as a result 
of which such oil, setting in motion with water condensed from 
the steam, flows down under the action of gravity into the 
return production well (Figure 1). The upper well, designed for 
steam injection, creates steam chamber. As a result, as the 
mixture of oil and water flows down into the production well, 
space is freed for expansion of the steam chamber, the 
perimeter of the steam chamber increases, and a contact surface 
of steam with oil appears. This allows increasing the oil flow 
rate. Another reason behind the proposed method is the 

mechanism of the steam effect on oil itself – oil flows down 
only with great force, when in the method [6-9] the steam front 
displaces oil under pressure, so, great pressure is pumped into 
the steam, which allows oil to be moved forward, when in the 
SAGD method [4] there is significantly less pressure in the 
steam chamber, since the expansion of the steam chamber 
occurs due to the release of space from the flowing oil. 
Between two horizontal wells, there are boundaries between 
two phases: at the top – the gas phase, the current steam; 
Usually – a mixture of heated oil and hot condensed water. 
Such a barrier prevents steam from breaking through from the 
upper injection well into the production well. The SAGD 
method has the highest oil recovery factor of ~75%. SAGD has 
two important considerations: high capital costs due to the need 
to drill two long horizontal wells [10] and a limitation on the 
formation thickness of >30 m, since the two horizontal wells 
are located one above the other with a distance between them 
of about 5 m or more [11, 12]. According to the international 
analysis, when developing heavy oil in the Republic of 
Kazakhstan, it is most expedient to use SAGD technology and 
its analogue VAPEX (injection of vaporous solvent instead of 
steam). VAPEX is less studied, therefore, in most cases, the 
SAGD method is used [3]. 

There are many different modifications of the SAGD 
method [13-16]. However, there are no studies comparing all 
the modifications of SAGD. In view of this, it was decided at 
the initial stage to compare the modification developed in [17-
18] with the conventional SAGD. Single-Well (SW)-SAGD, 
involves developing a reservoir using one horizontal well, 
which in turn has one obvious advantage: a significant 
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reduction in CAPEX due to drilling only one well with 
production and injection sections instead of two wells as in the 
conventional SAGD option [19-21]. However, there are two 
obvious disadvantages: 

 Due to the fact that the production and injection sections are 
in proximity, part of the injected steam, avoiding contact 
with oil, immediately breaks through to the production 
section, so steam that has not provided any useful action is 
produced. As a result, the steam-oil ratio increases. The 
steam-oil ratio is the main factor affecting OPEX in 
methods using steam injection; 

 The development of the steam chamber occurs unevenly, 
spreading from the injection part to the productive part. 

The objective of this study is to improve the SW-SAGD 
modification by preventing steam breakthrough and increasing 
the steam sweep efficiency. A comparison with the 
conventional SAGD will be conducted using simulations to 
evaluate the obtained modification. This approach 
(hydrodynamic modeling) is usually used to study underground 
and surface reservoirs [22, 23] 

Prevention of steam breakthrough into the production 
section can be solved by introducing a non-perforated zone 
between the injection and production sections, simulating a 
water-oil barrier as in the traditional SAGD option. Increased 
steam coverage will be achieved due to cyclic (alternating, 
selective) operation of the injection and production sections. 
The stated goal of this study was achieved: a new single-well 
modification (SWC-SAGD) was developed, and a comparison 
analysis with the conventional SAGD option was made.  

II. CONCEPT OF SWC-SAGD [17, 18] 

The well, which is both an injection and a production well, 
is drilled to the productive formation of heavy oil. A horizontal 
well 1000 m long is drilled, which is divided into five sections 
of 200 m each. Each section is developed separately in two 
stages. It is worth noting that an option for the horizontal well 
is to have only one section, as considered in this study. The 
first stage involves dividing the section (the far section of the 
well) into 7 sub-sections (Figure 1). Two production and two 
injection sections are separated from each other by three 
sections with non-perforated and closed packers. Accordingly, 
the injection sections inject steam, creating a chamber around 
the perimeter of which the oil heats up (the viscosity decreases) 
and flows into the production sections. The non-perforated 
section is necessary to prevent the steam mixture from breaking 
through into the production section of the well. After the 
injection sections have been fully developed, i.e. the steam 
chamber has been maximally enlarged, the process moves to 
the second stage (Figure 2). The production and injection 
sections change places. The second stage is carried out 
according to the same principle as the first. This approach will 
allow the formation to be covered by the impact as fully as 
possible. 

Steam injection and oil production will be performed 
simultaneously from the long (1000 m) well. When the 
maximum volume of the steam chamber is reached, the 
sections of the well producing oil will be switched to injection, 

and the sections injecting steam will be switched to production, 
which will allow the injection process to cover most of the 
formation. Between the production and injection sections there 
are non-perforated sections, the length of which will be 
selected based on sensitivity analysis. The purpose of such 
sections is to prevent the injection agent from breaking through 
to the production sections. For example, in the SW-SAGD 
method, due to the absence of such a section, the injected steam 
breaks through to the production section, bringing no benefit 
and increasing the steam-oil ratio. After a 200 m long section 
of the well has been fully developed, another section is 
developed using the same principle until the process covers the 
entire well. It should be noted that the sizes of all areas may 
vary. 

III. MODEL DESCRIPTION. 3D HYDRODYNAMIC 
MODEL OF SAGD AND SWC-SAGD 

The hydrodynamic model was created on the Eclipse 300 
simulator. Half of the steam chamber of the SAGD and SWC-
SAGD processes was simulated to reduce the calculation time. 
Since the steam chamber of these methods is uniformly 
distributed to the sides, symmetrically, it will be enough to 
build only one half. This approach does not affect the 
correctness of the results. Thus, the model is presented as a 
rectangular parallelepiped with the following number of cells: 
70 along the OX axis, 12 along the OY axis and 30 along the 
OZ axis. The cell sizes along the OX axis are: 20×10 m, 5×20 
m, 10×10 m, 5×20 m, 10×10 m, 5×20 m, 15×10 m. The model 
size along the OX axis is 850 m. The cell sizes along the OY 
axis are: 1×1 m, 5×7.5 m, 6×15 m. The model size along the 
OY axis is 128.5 m. The cell sizes along the OZ axis are: 23×1 
m, 1×0.5 m, 1×1.5 m, 5×1 m. The model size along the OZ axis 
is 30 m. The reservoir and oil parameters are presented in Table 
I. The model dimensions were selected based on the capacity of 
the maximum size of the steam chamber, that is, the boundaries 
of the steam chamber should not extend beyond the reservoir 
model. The development period is 7300 days. [24] 

TABLE I.  PARAMETERS OF THE RESERVOIR AND OIL 
FIELD 

Parameter Value 

Depth, m 300 

Vertical and horizontal permeability, mD 124 

Porosity, % 30.5 

Reservoir pressure, MPa 3 

Oil saturation, % 58 

Water saturation, % 42 

Oil dynamic viscosity, mPa×s 1378 

 
Table II shows the parameters for steam injection into the 

formation. Under these conditions, the reagent reaches the 
bottomhole in a gaseous state. 

TABLE II.  PARAMETERS OF STEAM INJECTION 

Parameter Value 

Temperature of steam injection, ˚С 300 

Pressure of steam injection, MPa 3.24 

Injection rate, m3/day (cold water equivalent) 22.7 
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A. SAGD Variant 

The preheating stage was not simulated, since the oil is 
quite mobile. The horizontal injection well is in the 19th cell, 
respectively, the drilling depth of such a well is at the 19 m 
mark relative to the reservoir thickness. The horizontal 
production well is in the 25th cell and the drilling depth of such 
a well is at the 25 m mark relative to the reservoir thickness. 
The vertical distance between the wells is 6 m. The length of 
the horizontal part is 750 m for both wells. However, the 
reservoir has dimensions of 850 m along the OX axis, therefore 
the well is in the center of the reservoir (50 m from the left 
edge and 50 m from the right). This is necessary to ensure that 
the steam impact does not go beyond the reservoir. This is the 
only way to objectively estimate the oil recovery factor and the 
reservoir coverage factor. The development period is 20 years. 

B. SWC-SAGD Variant  

1) Stage 1 

The preheating stage was not modeled, since the oil is quite 
mobile. The horizontal well, combining injection, production 
and non-perforated sections, is in cell 25, respectively, the 
drilling depth of such a well is at 25 m relative to the formation 
thickness. Two injection sections are in the following cell 

ranges: 26–35 (length – 100 m, location – 300–400 m) and 56-
65 (length – 100 m, location – 700–800 m). The distance 
between the injection sections is 300 m. The two production 
sections are in the following cell ranges: 11–20 (length – 100 
m, location – 100–200 m) and 41–50 (length – 100 m, location 
– 500–600 m). The distance between the injection sections is 
300 m. The length of the horizontal section is 750 m for both 
wells. Three non-perforated sections are located between the 
injection and production sections and are also 100 m each. The 
development period is 10 years. 

2) Stage 2 

Two injection sections are placed in 11–20 (length 100 m, 
location 100–200 m) and 41–50 (length 100 m, location 500–
600 m). The distance between the injection sections is 300 m. 
Two production sections are placed in 26–35 (length 100 m, 
location 300–400 m) and 56–65 (length 100 m, location 700–
800 m). The distance between production sections is 300 m. 
The length of the horizontal section is 750 m for both wells. 
Three non-perforated sections are located between the injection 
and production sections and are also 100 m each. Three non-
perforated sections are located between the injection and 
production sections and are also 100 m each. The development 
period is 10 years. 

 

 
Fig. 1.  First stage of the SWC-SAGD method. 

 
Fig. 2.  Second stage of the SWC-SAGD method. 
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IV. RESULTS AND DISCUSSION 

Figure 3 shows a comparison of the steam chambers of the 
SAGD and SWC-SAGD methods on the gas saturation scale. It 
can be seen that half of the steam chamber was modeled. We 
can see that the steam chamber increases closer to the 
formation roof, since steam is a gas, and it tends to rise. The 
steam chamber begins to develop as follows: at the beginning 
of the injection, the steam chamber grows vertically upward, 
then, reaching the roof, it begins to expand to the sides. The 
size of the steam chamber is 83.5 m (SAGD), i.e. the width of 
the full steam chamber is 167 m. In SWC-SAGD, the size of 
the steam chamber is 98.5 m, i.e. the width of the full steam 
chamber is 197 m. Based on this, the required distance between 
SAGD wells should be 167 m, while for SWC-SAGD it would 
be 197 m. It is quite possible that the steam chamber will 
increase in size if the development time is increased over 7300 
days. For this purpose, it is recommended to conduct additional 

numerical modeling of the SAGD and SWC-SAGD process, 
providing for an increase in the development duration. Also, 
when using the innovative modification of SWC-SAGD, it is 
possible to identify non-perforated areas. In general, the new 
modification has a greater reservoir coverage with reagent than 
the conventional version. It should be noted that in thermal 
methods, a greater reservoir coverage by area can lead to 
increased heat losses through the collector roof. 

Figure 4(a) shows the development of the steam chamber 
for the SWC-SAGD method by years. From left to right, there 
are 5 layers (top view) as of the 1st, 5th, 10th, 15th and 20th 
year of development. A slight unevenness in the development 
of the steam chamber may occur due to insufficient disclosure 
of the potential of the 1st and 2nd stages of development, 
which is 10 years. It is necessary to conduct a sensitivity 
analysis to the duration of each stage and their relationship to 
each other. 

 

 
Fig. 3.  Comparison of steam chambers of SAGD and SWC-SAGD methods (scale – gas saturation). 

 
Fig. 4.  Comparison of the distribution of the steam chamber against time. 

Figure 4(b) illustrates the process of steam chamber 
development for the classic SAGD variant. As for the new 
modification, 5 formations are located from left to right (top 

view) as of the 1st, 5th, 10th, 15th and 20th year of 
development. It is noteworthy that in the 1st year of 
development, the injected steam does not reach the formation 
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roof. The reason for this is the longtime of heating the interwell 
space, where the distance is 6 m. In this case, the preheating 
stage was not modeled. At the same time, given the distribution 
of the steam chamber as of the 1st year of development (Figure 
4), it can be concluded that the preheating stage for the SAGD 
method will have a longer duration than for the new SWC-
SAGD modification. For this, it is necessary to conduct a 
separate study on modeling the preheating stage for both 
methods. This study does not set such a task. 

Figure 5 shows the graphs of cumulative oil production. In 
general, for the entire period of oil development, the following 
quantities were produced: SAGD - 220571.19 m3, SWC-SAGD 
- 234904.15 m3. Accordingly, the difference between the 
cumulative oil production is 14332.96 m3 or 6.5%. The SWC-
SAGD hydrodynamic model is distinguished by a more 
detailed elaboration in places where injection sections are 
located. 

 

 
Fig. 5.  Cumulative oil production comparison. 

V. CONCLUSION 

This work intends to solve some problems of the SAGD 
and SW-SAGD methods, such as the high cost of CAPEX for 
well drilling, the prevention of breakthrough of the injected 
steam into production sections, by developing a new 
modification of SWC-SAGD aiming to increase the reservoir 
sweep efficiency. As a result of the conducted study, the new 
SWC-SAGD modification was developed, and a comparison of 
SAGD and SWC-SAGD was carried out using hydrodynamic 
modeling. It was shown that SWC-SAGD can be considered 
for application in heavy oil and natural bitumen fields as an 
alternative to the conventional SAGD, since it is more efficient 
from a technical point of view. Some of the key points of the 
current paper are: 

 A new modified SWC-SAGD method was developed and 
proposed, which includes alternating injection and 
production sections separated by non-perforated sections. 
This modification prevents the penetration of the injected 
steam into the production sections and, using a cyclic 
development system, provides a more uniform impact on 
the formation. 

 The hydrodynamic modeling of the SAGD and SWC-
SAGD methods was carried out over a development period 
of 7.300 days showing the effectiveness of the new 
modification. 

 The width of the SWC-SAGD steam chamber is 30 m 
greater than that of the classic version. 

 The cumulative oil production is: SAGD – 1389587.5 STB, 
SWC-SAGD – 1623320.5 STB. 

The study of the SWC-SAGD method should be continued 
in future studies. The following issues should be considered: 

 Range of oil dynamic viscosity. 

 Range of reservoir thickness. 

 Determination of optimal relationships between production, 
injection, and non-perforated sections.  

 Feasibility study for the use of SWC-SAGD. 
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