FMB with rock compressibility - Saturation Equations

Suppose we have a reservoir with pressure-dependent rock compressibility ¢, (p),
so that its pore volume changes with pressure. By definition
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Define the pore volume multiplier 7 as
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Our material balance equations become
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and the total mass withdrawal at any time is given by
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The cumulative fluid ratio relationships become
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Solving Eqgs. 13 and 14 for the phase saturations, we have
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The MP FMB Equation is then
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Average Pressure Calculation
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If we use Egs. 15 and 17 evaluated at average reservoir pressure in any of
the component mass balance equations (Egs. 6 - 8) we will obtain an implicit



equation in average pressure that can be solved iteratively. For the oil equation,
material balance can be written as
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Substituting in the saturation equations and setting the numerator of the re-
sulting equation to zero, we obtain after considerable algebraic manipulation
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where it is understood that all PVT properties are evaluated at the average
pressure.

Quadratic Gas Rate Prediction Formula

If we consider 1-day timesteps, the cumulative producing Oil-Gas Ratio (OGR)
at day n + 1 is given by:
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where ogr™" ™! is the instantaneous producing oil-gas ratio at time t"*1. Similarly,
the cumulative producing Water-Gas Ratio at at day n + 1 is given by:
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where wgr™t! is the instantaneous producing water-gas ratio at time ¢"*!. In
Eqgs. 21 and 22 it is understood that all PVT properties and saturations are
evaluated at sandface conditions. Using the saturation constraint
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we can solve Eqs. 21 and 22 for oil and gas saturations in terms of the new gas

rate as
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Suppose that for a given reservoir we have a well established multiphase flowing
material balance straight line,
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Multiplying both sides of the equation evaluated at time ¢"*! by the mass flow

rate, we have
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The mass flow rate at time "' is given by
"t = g0 (5.61500sc097™ ! + 1000pgsc + 5.615puscogr™)  (34)
and the cumulative mass at time ¢"*! is
M = M 4 i (35)

Let
Qo = 5.615p0s¢ (36)

ag = 1000psc (37)



Qyp = 561505 (38)
o (ozoogr"'H + g + awogr"+1) (39)

Eq. 33 can be written as
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The positive root of this quadratic is the new predicted rate.

Recovery Factor Calculation

If we consider the average pressure formula, Eq. 20, we have
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The saturation constraint can be written as
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Dividing Eq. 47 by N; and using the relationships in Eqs. 48 -
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