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Abstract - Depleted gas reservoir has been already explored and its geologic data, along with its reservoir
properties, are already known through seismic exploration and drilling. Therefore it would be less difficult to
develope a gas storage from depleted gas reservoir. Cushion gas which remains in the reservoir to maintain
pressure affects withdrawal rate of working gas in underground gas storage. In this study, we attempted to in-
vestigate the relationship between cushion gas and withdrawal rate using a commercial simulator. From the
analyses of the results, it is found that the minimum limit for a cycle of 5-month injection and 5-month with-
drawal is 10 wells with 50% cushion gas, and 12 wells with 60% cushion gas for a cycle of 7-month injection
and 3-month withdrawal.
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Table 1. Reservoir properties and input data for the simulation

Parameter Value Parameter Value
Dimension 47 x 45 x 12 Reservoir layer layer 2 and 3
Depth of top layer 7995 ft Gas water contact 8162 ft
Pressure 3600 psia Temperature 219 °F
Producing wells 3 wells Tubing size 4.5 in
Max. field production rate 50 MMscf/d Min. wellhead flowing pressure | 500 psia
Initial water saturation 0.455 Initial gas saturation 0.545
Irreducible water saturation 0.25 Residual gas saturation 0.3
Porosity 0.19 Permeability 50 md
Gas viscosity 0.0209 cp Gas gravity 0.625
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Fig. 1. 3D structure map and well location of depleted gas reservoir at production stage.
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Fig. 2. The cycle of gas storage simulation.
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Fig. 3. Well locations in depleted gas reservoir at layer 3.
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Table 2. The result of gas production simulation

A TR bR A ] BA A

GIIP Production period Gas recovery l;ézl;i?;:ggf;s
7.7 years 85.8 Bcf(60%) 57.2 Bcf(40%)

143 Bcf 6.1 years 71.5 Bcf(50%) 71.5 Bcef(50%)
5.4 years 57.2 Bcf(40%) 85.8 Bcf(60%)

Table 3. Scenarios for simulation at gas storage stage

Scenario atRlifglerl}i,fe l?g?sahigzggf:; Working gas Injection rate
1 85.8 Bcf(60%) 57.2 Bcf(40%) 85.8 Bcf(60%) 572 MMcf/d
2 71.5 Bcf(50%) 71.5 Bcf(50%) 71.5 Bcf(50%) 477 MMcf/d
3 57.2 Bcf(40%) 85.8 Bcf(60%) 57.2 Bcf(40%) 381 MMcf/d
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Fig. 8. Simulation result of scenario 1 with 10 wells.
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Fig. 9. Simulation result of scenario 2 with 10 wells.
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Fig. 10. Simulation result of scenario 3 with 10 wells.
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Fig. 11. Simulation result of scenario 2 with 8 wells.
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Fig. 12. Simulation result of scenario 3 with 8 wells.
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Fig. 13. Simulation result of scenario 3 with 6 wells.

Table 4. The results of gas storage simulation(withdrawal for 5 months)

Case Cushion Gas: 40% Cushion Gas: 50% Cushion Gas: 60%
Well 1 2 3
6 wells NP NP NP
5 month
injection 8 wells NP NP O
/5 month 10 wells NP @) @)
withdrawal
12 wells NP O O

3% NP: Not Possible
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Fig. 14. Simulation result of scenario 3 with 10 wells(3 month withdrawal).
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Fig. 15. Simulation result of scenario 2 with 12 wells(3 month withdrawal).
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Table 5. The results of gas storage simulation(withdrawal for 3 months)

Case Cushion Gas: 40% Cushion Gas: 50% Cushion Gas: 60%
Well 1 2 3
6 wells NP NP NP
7 month
s 8 wells NP NP NP
injection
/3 month 10 wells NP NP NP
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