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Location of the Gas Underground Storage (GUS)Location of the Gas Underground Storage (GUS)

222



Location of the Gas Underground Storage (GUS)Location of the Gas Underground Storage (GUS)

333



Location of the Gas Underground Storage (GUS)Location of the Gas Underground Storage (GUS)

444



Location of the Gas Underground Storage (GUS)Location of the Gas Underground Storage (GUS)

555
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Layout of GUS and oil rim blocksLayout of GUS and oil rim blocks
northern block of oil rimnorthern block of oil rimnorthern block of oil rim
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Oil production history at oil rim blocksOil production history at oil rim blocks
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Oil rim wells deliverabilityOil rim wells deliverability
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3D GEOLOGYCAL MODEL3D GEOLOGYCAL MODEL

•• Structure surfacesStructure surfaces

•• Network modelNetwork model

•• LithologyLithology

•• PorosityPorosity

•• Fluids saturationFluids saturation

•• PermeabilityPermeability
101010



Diagram of geologic structure of the oil rim in Diagram of geologic structure of the oil rim in 
blocksblocks

•• A A –– sandstonessandstones

•• B B –– carbonate carbonate 
rocksrocks

•• scale of scale of 
saturation saturation 
typestypes
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Average properties of the northern and eastern Average properties of the northern and eastern 
oil rim blocksoil rim blocks

0,710,71--0,850,850,760,76--0,810,810,710,71--0,850,850,760,76--0,810,81Oil saturation, unit Oil saturation, unit fractfract ..

0.8640.8640.9170.9170.8640.8640.9100.910Oil volume factorOil volume factor

570570856856465465717717Permeability, Permeability, mDarcymDarcy

0,080,080,180,180,080,080,160,16Porosity, unit fractionsPorosity, unit fractions

14,914,95,95,915,615,64,434,43Net oil thickness, mNet oil thickness, m

BBAABBAA
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Relative errors of Relative errors of 
calculations calculations 

Specific gravity of oilSpecific gravity of oil

0.8910.891
Factor of oil liberation Factor of oil liberation 
during GUS operationduring GUS operation
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3D SIMULATION MODEL3D SIMULATION MODEL

Boundary conditions:Boundary conditions:

•• GUS GUS operatonoperaton

pseudo wellspseudo wells((limits of  pressureslimits of  pressures))

•• Water basin types:Water basin types:
–– KarterKarter --TracyTracy type type ((average average 

parameters)parameters)
–– grid type (stay field parameters)grid type (stay field parameters)

pseudo wellspseudo wellspseudo wells
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Oil saturation of the eastern block in dynamicOil saturation of the eastern block in dynamic
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Average oil Average oil 
saturation of the saturation of the 
easteneastenblock as of block as of 
20052005

Average oil Average oil 
saturation of the saturation of the 
nothernnothern block as block as 

of 2005of 2005
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Results of development adaptation of well of the Results of development adaptation of well of the easteneastenblockblock
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Results of development adaptation of well of the northern blockResults of development adaptation of well of the northern block
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3D simulation model 3D simulation model –– oil production forecastoil production forecast
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Alternative 1Alternative 1
Conditions:
• Use idle oil wells
• All wells are vertical
• Production strings perforate a reservoir А
• Critical pressure drawdown values 

as the basic boundary data for oil wells

Conditions:Conditions:
•• Use idle oil wellsUse idle oil wells
•• All wells are verticalAll wells are vertical
•• Production strings perforate a reservoir Production strings perforate a reservoir АА
•• Critical pressure drawdown values Critical pressure drawdown values 

as the basic boundary data for oil wellsas the basic boundary data for oil wells
Results:
• All wells are operated with sufficiently high gas factor
• Minor water production during the whole calculation period
• The dependence of oil outputs on reservoir pressure fluctuation 
• As a result of cyclic fluctuation of reservoir pressure the gas 
content in oil wells production is changed and water production is 
somewhat increase in the periods of lowreservoir pressure
• OEF reached to 0.5 and 0.4 for eastern and northern blocks
consequently

Results:Results:
•• All wells are operated with sufficiently high gas factorAll wells are operated with sufficiently high gas factor
•• Minor water production during the whole calculation periodMinor water production during the whole calculation period
•• The dependence of oil outputs on reservoir pressure fluctuatioThe dependence of oil outputs on reservoir pressure fluctuation n 
•• As a result of cyclic fluctuation of reservoir pressure the gAs a result of cyclic fluctuation of reservoir pressure the gas as 
content in oil wells production is changed and water production content in oil wells production is changed and water production is is 
somewhat increase in the periods of lowsomewhat increase in the periods of lowreservoir pressurereservoir pressure
•• OEF reached to 0.5 and 0.4 for eastern and northern blocksOEF reached to 0.5 and 0.4 for eastern and northern blocks
consequentlyconsequently
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Alternative 2Alternative 2
Conditions:
• Use idle oil wells
• Abandoned wells are to be reconstructed
• Production strings perforate a reservoir А and B
• The wells are operated at their own accepted values of 
drawdown

Conditions:Conditions:
•• Use idle oil wellsUse idle oil wells
•• Abandoned wells are to be reconstructedAbandoned wells are to be reconstructed
•• Production strings perforate a reservoir Production strings perforate a reservoir АА and Band B
•• The wells are operated at their own accepted values of The wells are operated at their own accepted values of 
drawdowndrawdown

Results:

• OEF reached 0.7 and 0.72 for eastern and northern blocks
consequently

Results:Results:

•• OEF OEF reachedreached0.7 0.7 andand 0.72 0.72 for eastern and northern blocksfor eastern and northern blocks
consequentlyconsequently
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Alternative 3Alternative 3
Conditions:
• Use all vertical wells
• The horizontal wells are put into operation
• The horizontal wells are perforated along the whole length of 
horizontal string at the level reservoir B
• A horizontal part of the borehole has a height of 500 meters
• To determine an optimal disposition of horizontal wells the geologic 
simulation results were used

Conditions:Conditions:
•• Use all vertical wellsUse all vertical wells
•• The horizontal wells are put into operationThe horizontal wells are put into operation
•• The horizontal wells are perforated along the whole length of The horizontal wells are perforated along the whole length of 
horizontal string at the level reservoir Bhorizontal string at the level reservoir B
•• A horizontal part of the borehole has a height of 500 metersA horizontal part of the borehole has a height of 500 meters
•• To determine an optimal disposition of horizontal wells the geTo determine an optimal disposition of horizontal wells the geologic ologic 
simulation results were usedsimulation results were used

Results:

• OEF reached consequently 0.82 and 0.85 for eastern and 
northern blocks

Results:Results:

•• OEF OEF reached consequentlyreached consequently0.82 0.82 andand 0.85 0.85 for eastern and for eastern and 
northern blocksnorthern blocks
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Development forecast parameters of horizontal Development forecast parameters of horizontal 
well of the well of the easteneastenblock. Alternative 3block. Alternative 3

Reservoir pressure at the eastern block

Cumulative oil prod. m, 10  3 3

Cumulative gas prod. m,106 3

Cumulative water prod m, 10  3 3
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CONCLUSIONCONCLUSION

•• Additional oil production in GUS conditions is Additional oil production in GUS conditions is 
practicablepracticable

•• Oil rim reservoir pressure is a result of Oil rim reservoir pressure is a result of 
behavior of GUS pressurebehavior of GUS pressure

•• Oil recovery increase during periods of GUS Oil recovery increase during periods of GUS 
reservoir maximum pressurereservoir maximum pressure

•• Increase porous volume for GUSIncrease porous volume for GUS

•• Increase active gas volumeIncrease active gas volume
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Reservoir pressure at the eastern block

Cumulative oil prod. m, 10  3 3

Cumulative gas prod. m,106 3

Cumulative water prod m, 10  3 3
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Comparative figures of gas withdrawalComparative figures of gas withdrawal
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Results of additional oil recoveryResults of additional oil recovery
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