Example: 
The Virginia Hills Beaverhill Lake field is a volumetric undersaturated reservoir. Volumetric calculations indicate the reservoir contains 270.6 MMSTB of oil initially in place. The initial reservoir pressure is 3685 psi. The following additional data are available: 
Swi = 24% 
Cw = 3.62×10-6 psi-1 
Cf = 4.95 ×10-6 psi-1 
Bw = 1.0 bbl/STB 
Pb = 1500 psi
The field production and PVT data are summarized below:
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Calculate the initial oil in place by using the MBE and compare with the volumetric estimate of N. 
Solution:
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Step 1. 
Calculate the initial water and rock expansion term Ew,f from 𝑒𝑞: 
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Step 2. 
Construct the following table:
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Underground withdrawal F vs (Eo + Ew,f) 

Step 3. 
Plot the underground withdrawal term F against the expansion term (Eo + Ew,f) on a Cartesian scale, as shown in Figure.
Step 4. 
Draw the best straight line through the points and determine the slope of the line and the volume of the active initial oil in place as:

It should be noted that the value of the initial oil in place as determined from the MBE is referred to as the effective or active initial oil in place. This value is usually smaller than that of the volumetric estimate due to oil being trapped in undrained fault compartments or low-permeability regions of the reservoir.
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Problem:
An undersaturated reservoir producing above the bubble point had an initial pressure of 5000 psia, at which pressure the oil formation volume factor was 1.510 bbl/stb. 
When the pressure dropped to 4600 psia owing to the production of 100,000 stb of oil, the oil formation volume factor is 1.520 bbl/stb, the connate water saturation is 23%, water compressibility is 3.7 ×10-6 psi-1, rock compressibility is 3.5  3.7 ×10-6 psi-1 and average porosity of 21%.
I. Determine the oil compressibility.
II. Determine the effective oil compressibility
III. Assuming a volumetric reservoir, calculate the oil in place
IV. Determine the recovery factor at 4600 psia
V. After a thorough analysis, the calculated initial oil place was 9.6 MMstb.
Determine the water influx at 4600 psi after cumulative water production of
825.92 stb.
Problem:
An undersaturated reservoir producing above the bubble point 
Pi=5000 psi, 
Boi= 1.510 bbl/stb. 
P= 4600 psi 
Bo= 1.520 bbl/stb
Np= 100,000 stb 
Sw= 23%
Cw= 3.7 ×10-6 psi-1
Cf= 3.5  3.7 ×10-6 psi-1 
Ø=of 21%.
I. Determine Co.
II. Determine Ceff
III. Assuming a volumetric reservoir, calculate the oil in place
IV. After a thorough analysis, the calculated initial oil place was 9.6 MMstb.
Determine We= 4600 psi after Wp=825.92 stb.
V. Determine the recovery factor at 4600 psi.
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Oil compressibility
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Calculation of oil in place
Representation of Material Balance Equation For Undersaturated Reservoir (P > Pb) with Water Influx
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Then oil in place(volumetric):
[image: ]
Water influx:
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The recovery factor at 4600 psi without water influx:
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Volumetric Average  No. of producing B, N W,
Pressure wells (bbUSTB) (MSTB) (MSTB)
3685 1 1.3102 0 0
3680 2 1.3104 20.481 0
3676 2 1.3104 34.750 0
3667 3 1.3105 78.557 0
3664 4 1.3105 101.846 0
3640 19 1.3109 215.681 0
3605 25 1.3116 364.613 0
3567 36 1.3122 542.985 0.159
3515 48 1.3128 841.591 0.805
3448 59 1.3130 1273.530 2.579
3360 59 1.3150 1691.887 5.008
3275 61 1.3160 2127.077 6.500
3188 61 1.3170 2575.330 8.000
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¢ F represents the underground withdrawal and given by:

= Np[Bo + (R, = R)By] + B,
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Eo = (B, = Boi) + (Rsi — R)B,




