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Abstract - This study presents optimal design of gas lift considering composition of reservoir oil and in-
jected gas which can affect gas lift performance in offshore oil reservoir. Reservoir simulation was conducted
by using reservoir models which were built in accordance with API gravity of oil. The results of simulation re-
veal that oil production rate is considerably increased by gas lift when the reservoir productivity decrease. As
a results of response curve analysis for gas lift using well models, gas injection rate to improve the production
rate increases as the API gravity of oil decreases and the specific gravity of injected gas increases. The optimal
design of gas lift was carried out using multiple lift valves. Consequently, gas lift can be operated at relatively
low injection pressure because of decrease in injection depth in comparison to the single lift valve design. The
improved oil production rates were analyzed by coupling between reservoir model and well model. As a results
of the coupling, it is expected that natural gas injection in the heavy oil reservoir is the most efficient method
for improving oil production by gas lift.
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Table 1. General guidelines for gas lift [6]

Typical
Operating 15(’)03(())0{; Gas Handling Excellent
Depth :
Maximum
Solids
Operating 15,000 ft Hazdllm Good
Depth £
Typical
100 to 10,000
Operating STTB/ day || Pl Gravity | > IS°API
Volume
Maxi
O;Z;:t]il:lr; 30,000 Servicing Wireline or
Volume STB/day Workover Rig
Typical
. 100-250°F .
Operating [40-120°C] Prime Mover | Compressor
Temp.
12)4;:;;?11;12 400°F Offshore Excellent
Temp. [205°C] Application
Corrosion Good to System
Handling Excellent Efficiency 10% - 30%
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Fig. 1. Pressure profile of a gas lifted well [7].
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Table 2. Oil Properties

Composition(%)
Comp- | olL-1, Base | OIL-2 oIL-3
(40.8°API) (30°API) (24°AP1)
N2 0.2 0.05 0.51
CO2 5.45 6.47 1.42
C1 30.9 9.58 6.04
Cc2 18.04 12 7
C3 5.45 6.83 6.86
ic4 111 0.87 0.83
nC4 2.56 3.78 3.35
iC5 0.38 1.42 0.7
nC5 218 2.62 3.46
C6 1.93 4.95 3.16
C7+ 318 51.43 66.68
(MW) (197) (271) (281)
Table 3. Gas Properties
Gas type Specific gravity
Natural Gas, Base 0.64
Methane(C1 100%) 055
Ethane(C2 100%) 1.04
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Table 4. Reservoir properties

Parameter Values
Dimension 60(X)*60(Y)*5(Z)
Grid Size, ft 260(X)*260(Y)*50(Z)
Depth(Top), ft 7,500
Thickness, ft 500
Oil-Water Contact, ft 8,020
Porosity, % 19
Vertical Permeability, md 300
Horizontal Permeability, md 80
Initial Pressure, psi 6,000
Number of Well 8
Avg 1 nM\iZH,()lslTl;rZi(:;ctlon 7,000
Min. Bottomhole Pressure, psi 3,500
Oil Composition OIL-1, OIL-2, OIL-3
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Fig. 5. Schematic diagram of well model.

Table 5. Well and pipeline properties

Parameter Values
Tubing ID, inch 3.658
Casing ID, inch 6.184

7,800(P1), 7,740(P4),

Tubing TVD, ft
ubtng LVD, 7,720(P7), 7,720(P8)

Bottomhole Temperature, “F 175
Flowline Length, ft 42,240
Riser Elevation, ft 3,280
Outlet Pressure, psi 200

Surface Temperature, 'F 60
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Fig. 6. Gas lift response curve for P1 well in
OIL-1 reservoir.
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Table 6. Results of gas lift response curve according to oil composition in case of natural gas injection

OIL-1 OIL-2 OIL-3
Target Liquid
. X . Inj. G . Inj. G . Inj. G:
Well No Prod. Rate, Inj. Surface 1. bas Inj. Surface 1. bas Inj. Surface J. bas
STB/day Pressure, psia Rate, Pressure, psia Rate, Pressure, psia Rate,
» P MMscf/day » P MMscf/day » P MMscf/day
P1 6,800 800 12 1,000 25 1,000 2.5
P4 7,200 800 05 1,200 2 1,500 2
P7 7,200 800 0.5 1,200 1.5 1,500 2
P8 7,000 800 0.45 1,200 1.5 1,400 25

Table 7. Results of gas lift response curve according to injected gas composition in case of OIL-1

reservoir
Natural Gas Methane Ethane
Target Liquid
Inj. Inj. Inj.
Well No. Prod. Rate, Inj. Surface nj. Gas Inj. Surface nj. Gas Inj. Surface nj. Gas
STBYday Pressure, psia Rate, Pressure, psia Rate, Pressure, psia Rate,
ssure, b MMscf/day > P MMscf/day sure, p MMscf/day
P1 6,800 800 12 1,000 1 800 19
P4 7,200 800 0.5 1,000 04 800 0.7
P7 7,200 800 0.5 1,000 04 800 0.7
P8 7,000 800 0.45 1,000 04 800 0.6
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with oil composition.

Table 8. Cumulative oil production by gas lift
in accordance with oil composition

Artificial Total . Improved
. - Cumulative X
Type Lift Injection Production. Oil
P Period, Gas, MSTB > | Production,
year MMscf MSTB
OIL-1 2.41 1,708 74,539 2,076
OIL-2 2.98 2,278 95,045 2,540
OIL-3 352 2,794 102,549 2,985
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Table 9. Cumulative oil production by gas lift
in accordance with injected gas compo-

sition
Artificial Total Cumu- Improved
T Lift Injection lative Oil
ype Period, Gas, Production, | Production
year MMscf MSTB , MSTB
Natural 241 1,708 74,539 2,076
Gas
Methane 2.59 1,859 74,284 1,821
Ethane 2.32 1,680 74,021 1,558
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