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In a single-phase gas reservoir, the reservoir fluid, usually called natural gas. This type of reservoir is frequently referred to as a dry gas reservoir because no condensate is formed in the reservoir during the life of production.
Calculating Gas in Place Using Material Balance
If the porosity, connate water, and/or bulk volumes are not known with any reasonable, the volumetric methods cannot be used. In this case, the material balance method may be used to calculate the initial gas in place.
Oil expansion + Gas expansion + Formation and water expansion
+ Water influx = Oil and gas production + Water production
GBgi = NmBti
Gp = RpNp
Ratio of initial free gas to initial oil volume = m = 
The general material balance equation as following:
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For gas reservoirs, equation in above can be modified by recognizing that NPRP = Gp and NmBti = GBgi and substituting these terms into equation in above:


When working with gas reservoirs, there is no initial oil amount; therefore, N and Np equal zero. The general material balance equation for a gas reservoir can then be obtained:


In the study of reservoirs that are produced simultaneously by the three major mechanisms of depletion drive, gas cap drive, and water drive, when all three drive mechanisms are contributing to the production of oil and gas from the reservoir, the compressibility term in equation below is negligible and can be ignored.
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 Moving the water production term to the left-hand side of the equation, the following is obtained:
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Undersaturated Oil Reservoirs
As knowing in before, the various hydrocarbon reservoirs were subdivided into four types ( the free gas or associated gas, the dissolved gas, the oil in the oil zone, and the recoverable natural gas liquid (condensate) from the gas cap). This lecture contains a discussion on reservoirs that have only liquid phases initially present.
The composition of the tank oils obtained from the reservoir fluids are quite different from the composition of the reservoir fluids, owing mainly to the release of most of the methane and ethane from solution and the vaporization of sizeable fractions of the propane, butanes, and pentanes, as pressure is reduced in passing from the reservoir to the stock tank.
Material Balance in Undersaturated Reservoirs
The material balance equation for undersaturated reservoirs was developed in before:
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Assumptions of study:
1.	Neglecting the change in porosity of rocks with the change of internal fluid pressure.
2.	Reservoirs with zero or negligible water influx are constant volume or volumetric reservoirs. 
3.	In undersaturated reservoir, then initially it contains only connate water and oil, with their solution gas. 
4.	From initial reservoir pressure down to the bubble point, then, the reservoir oil volume remains a constant, and oil is produced by liquid expansion. 
Incorporating these assumptions into equation below 
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the following is obtained:
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While the reservoir pressure is maintained above the bubble-point pressure and the oil remains undersaturated, only liquid will exist in the reservoir. Any gas that is produced on the surface will be gas coming out of solution as the oil moves up through the wellbore and through the surface facilities. All this gas will be gas that was in solution at reservoir conditions. Therefore, during this period, Rp will equal Rso and Rso will equal Rsoi, since the solution gas-oil ratio remains constant. The material balance equation becomes:

This can be rearranged to yield fractional recovery, RF, as

The single-phase formation volume factor, Bo. The material balance equation has been derived using the two-phase formation volume factor, Bt. Bo and Bt are related by equation below:

It should be apparent that Bt = Bo above the bubble-point pressure because Rso is constant and equal to Rsoi.
Figure below shows schematically the changes that occur between initial reservoir pressure and some pressure below the bubble point. The free-gas phase does not necessarily rise to form an artificial gas cap, and the equations are the same if the free gas remains distributed throughout the reservoir as isolated bubbles. 
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Figure shows Diagram showing the formation of a free-gas phase in a volumetric reservoir below the bubble point.
Following equation 
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can be rearranged to solve for N and the fractional recovery, RF, for any undersaturated reservoir below the bubble point.
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The net cumulative produced gas-oil ratio (Rp) is the quotient of all the gas produced from the reservoir (Gp) and all the oil produced (Np).







Saturated Oil Reservoirs
The type of saturated oil reservoir is distinguished by the presence of both liquid and gas in the reservoir.
When there is an initial gas cap (i.e., the oil is initially saturated), there is negligible liquid expansion energy. In gas-cap drives, as production proceeds and reservoir pressure declines, the expansion of the gas displaces oil downward toward the wells. The recoveries from volumetric gas-cap reservoirs will typically be higher than the recoveries for undersaturated reservoirs and will be even higher for large gas caps.
Material Balance in Saturated Reservoirs
The general Schilthuis material balance equation is as follows:
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Equation above can be rearranged and solved for N, the initial oil in place:
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If the expansion term due to the compressibilities of the formation and connate water can be neglected, as they usually are in a saturated reservoir, then last Eq. becomes:
[image: ]
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