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Abstract: Extraction increasing methods play an important role in global demand for energy in the future.
Following primary and secondary methods for oil extraction, several millions oil barrels have remained in pools.
Regarding increasing global demand for oil, oil companies attempt to extract oil by optimal methods. A technique is
water alternating gas injection (WAG). Evaluations conducted on types of WAG methods show that these
techniques sweep oil toward productive wells by increasing the links between oil zones and controlling movements.
According to information obtained from different reservoirs, WAG increases 5-10% oil recycling in carbonated
pools. The present study evaluates types of WAG in a fractured carbonated reservoirs located in western south of
Iran by industrial software Eclipse. Different simulations showed that increase in amount of injected gas into water
increases reservoir efficiency. Among WAG techniques, selected technique has always the most oil productivity in
the reservoir.
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1. Introduction 2. Types of Techniques for Water Alternating Gas
Almost 70 percent of global oil is produced in Injection
reservoir which has been used to produce for over 40 2.1. Immiscible Water Alternating Gas (IWAG)
years. Therefore, some techniques are needed to Injection
increase and improve production from these Through this technique, a gas which is not able
reservoirs. WAG projects play an important role to to combine with oil remained in reservoir is injected
increase oil recycling, particularly during recent years. to the reservoir; then water is alternatively injected in
The process controls gas fingering and improves oil the reservoir. This kind of injection is conducted to
sweeping yields. Recently, many gases have been increase stability of movement front and increase
injected both miscibly and immiscibly in reservoir [1]. contact area injected fluids with swept parts of
Reservoir engineers attempt to predict future behavior reservoir in compared to ordinary techniques for water
of a fractured reservoir using its production history and gas injection. IWAG is used in pools which in
and evaluating its future behavior by available stabilize injection front due to strong heterogeneities
methods and strategies for ordinary reservoirs; or angularities. IWAG increases production and
however, in most cases, the behavior predicted by pressure of reservoir [6] [7].
calculations of an ordinary reservoir cannot be 2.2. Hybrid Water Alternating Gas (HWAG)
consistent with past behavior of a fractured reservoir injection
[2]. Therefore, oil yields can increase in fractured Through this process, large amount of gas is
reservoir by changes in previous extraction increasing initially injected in reservoir. Then, a small amount of
techniques [3]. Properties of rock and fluid differ in water and gas is injected to reservoir in equal values
each reservoir. Success or failure of WAG depends on [8].
rock and fluid properties of that reservoir. A most 2.3. Simultaneous Water Alternating Gas (SWAG)
important parameter to develop WAG projects is gas Injection
and gas compounds. Gas compounds play an Through SWAG, water and gas are continuously
important role in selecting miscible and immiscible and simultaneously injected to reservoir so that water
alternating injection techniques [4] [5]. and gas are combined on the surface and injected as a

single phase to the reservoir.
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An advantage of SWAG is that more gas
permeates to lower parts of pool and prevents
isolation of gas phase and formation of gas cap over
reservoir [9].

2.4. Selective Simultaneous Water Alternative Gas
(SSWAGQG) Injection

Through SSWWAG, water and gas are
combined on the surface; a hydrocarbon layer is
injected by twofold completion of vertical injected
water and gas well upward and downward,
respectively.  Through this technique, density
difference between injected fluids moves water
downward and gas upward followed by drift
mechanism and increased displacement process yield.
Accordingly, displacement is done microscopically
and macroscopically and production is increased [10].
2.5. WAG after Water Flooding

Through this technique, water is injected during
several years into reservoir followed by water
alternating gas injection. Since through this technique
WAG injection is done after water, this injection is
known as a secondary extraction increasing technique

[11].

3. Simulating and Comparing WAG Techniques

Here, different types of WAG injection are
compared determining the best productive technique.
Table 1 shows properties of reservoir and information
related to reservoir grading.

3.1. Comparing Field Efficiency

Figure 1 indicates field efficiency for five WAG
injections. Field efficiency is quite similar for five
injections during first 120 days of simulation. The
longer simulation time, the more efficiency for
SSWAG than other four techniques; so that, efficiency
reaches 8.4% for SSWAG injection.
3.2. Field Production

A most important and essential goal of extraction
increasing techniques is to increase oil production in
the field; so that, most extraction increasing
techniques rely on this goal. As simulation is
conducted, production through SSWAG injection is
more than other 4 techniques. Production is higher
through SWAG for first 40 days of simulation;
hereafter, however, production through SSWAG
proceeds others. Finally, production of SSWAG is
constantly maximum after 1500 days. Meanwhile,
production of other four alternating injections
considerably decreases. Figure 2 clearly shows that
the longer simulation, the higher production through
SSWAG than other techniques.
3.3. Total Filed Production

According to Figure 3, total field production is
similar for five WAG injections during first 200 days
of simulation; after200 days, however, production
through SSWAG proceeds other four techniques.

Table 1. Information and properties of reservoir

Number of blocks along x, y and z axis 10x10x%6
Selected part area, acre 3036
reservoir length along x, y« ft 300,50
Matrixporosity 0.3
Crackporosity 0.07
md in the first layer, Matrix permeability along x axis 0.09
md in the second layer, Matrix permeability along x axis 39.71
md in the third layer, Matrix permeability along x axis 119.2
md in the first layer, crack permeability along x axis 512.26
md in the second layer, crack permeability along y axis 831.56
md in the third layer, crack permeability along z axis 1450.88
Rock compressibility in psi 14.7 4.29x10°
0il density, Ibm/ft’ 48.87
Solution gas density, Ibm/ft’ 16.49
Water density, Ibm/ft’ 64.19
API 45
Volume factor of water 1.021
Volume factor of oil 1.3779
Basic pressure in 3001 in depth« psi 3180
Primary temperature, F 172.2
Contact area of water and gas, ft 8796.6
Contact area of oil and gas, ft 4642.5
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to reservoir pressure. As Figure 4 shows, three

10.00% S techniques (IWAG; HWAG; WAG-AWF) experience

R.00% considerable pressure loss during first 120 days.

6.00% While, SSWAG and SWAG experience considerably

4.00% lower pressure loss than above techniques.

100% 4 Expectedly, SSWAG experiences the lowest pressure
0.00% loss in the reservoir than others after 120 days.

FOE 3.5. Water cut
The lower water shear in the reservoir, the better
BSSWAG WSWAG WHWAG WIWAG M WAGawf reservoir  efficiency. According to conducted

Figure 1. field efficiency

3.4. Reservoir Pressure

Reservoir pressure is the most essential
parameter which needs to be constantly considered in
the pool. Amount of oil production is directly related

FOPR vs. TIME (HWAG)
FOPR vs. TIME (IWAG)
FOPR vs. TIME (SSWAG)
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simulations, water shear is maximum for WAG-AWF.
The lowest water shear of the reservoir is related to
SSWAG (Figure 5).
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Figure 2. field production
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Figure 3. total field production
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Figure 4..Water cut
4. Conclusion 1. Productivity and collective production of
According to different simulations conducted on SSWAG are higher than others; thus, SSWAG was
five different WAG techniques, following results introduced as optimal extraction increasing technique
obtained: for studied field.

&3



Researcher 2020;12(3)

http://www.sciencepub.net/researcher

2. Higher productivity and production of
SSWAG, compared to other WAG techniques,
indicates higher microscopic and macroscopic
sweeping displacement and efficiency of this
technique compared to others.

3. If gas is injected sooner than water, WAG
has more efficiency and production than a situation in
which water is injected sooner as a primary fluid to
the reservoir.

4. Lower yield and production through SWAG,
compared to SSWAG, indicates that single phase
water and gas injection have lower displacement
efficiency and production than separate injection of
water and gas up and down.
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