Material Balance Equation as a Straight Line
The Straight-Line Solution Method to the MBE
The applications of the straight-line form of the MBE which are using to solve reservoir engineering problems, that is presented to usefulness in these cases :
 Six cases of applications are presented:
1. Case 1: Determination of N in volumetric undersaturated reservoirs
2. Case 2: Determination of N in volumetric saturated reservoirs
3. Case 3: Determination of N and m in gas cap drive reservoirs
4. Case 4: Determination of N and We” in water drive reservoirs
5. Case 5: Determination of N, m, and We in combination drive reservoirs
6. Case 6: Determination of average reservoir pressure, p
Case 2. Volumetric Saturated-Oil Reservoirs
Example:
A volumetric undersaturated oil reservoir has a bubble point pressure of 4500. The initial reservoir pressure is 7150 psia and the volumetric calculations indicate the reservoir contains 650 MMSTB of oil initially in place. The field is a tight, naturally fractured, chalk reservoir. The following additional data is available:
Swi = 43% 
Bw = 1. 0 bbl/STB,
Cw = 3.00 × 10-6 psi-1 
Cf = 3.3 × 10-6 psi-1
The field production and PVT data summarized below:
[image: ]
Np   cumulative oil produced, STB 
Rp   net cumulative produced gas-oil ratio, scf/STB  
Rs   current gas solubility factor, scf/STB 
Calculate the initial oil-in-place by using the MBE and compare with the volumetric estimate of N?









Solution: 
Step 1. For the undersaturated performance, the initial oil in-place is described by equation below as:
[image: ]
=1.40357368×10-5[(7150-Ṗr)]
Step 2. Calculate N using the undersaturated reservoir data:
[image: ]
The above calculations suggest that the initial oil-in place as calculated from the undersaturated reservoir performance data is around 565 MMSTB, which is lower by about 13% of the volumetric estimation of 650 MMSTB. 



Step 3. 
Calculate N using the entire reservoir data:
[image: ]
[image: ]






	
	N

	1
	574.7102

	2
	562.8741

	3
	564.6057

	4
	557.7520

	5
	563.5015

	6
	565.7429

	7
	571.0827

	8
	574.5924

	9
	587.1939

	10
	570.3076

	11
	570.4382

	12
	566.0629

	13
	566.1154

	Average
	568.8446



The above calculations suggest that the initial oil-in place as calculated from the undersaturated reservoir performance data is around 568.8 MMSTB, which is lower by about 12.5% of the volumetric estimation of 650 MMSTB. 












Problem: 
A volumetric, undersaturated reservoir with properties as below:
data are available:
Pi=4400 psi
Current pressure= 2800 psi
Rsoi= GOR at Pi=1100 scf/STB
Cumulative (Cumulative produced) GOR=Rp=3300 scf/STB
GOR at 2800 psi=Rso=900 scf/STB
Boi=1.572 bbl/STB
Bo at 2800 psi =1.52 bbl/STB
Oil produced(Np)= 1.486 MM STB
T=190°F = 650°R
Bubble point pressure Pb=3540 psi
Z factor =0.87
Calculate initial oil in place and Fractional recovery.







Solution: 
Material Balance in Undersaturated Reservoir
[image: ]
There are two cases for material balance equation in undersaturated Reservoir to calculate of Fractional Recovery:
case 1: Under bubble point
N(Bt-Bti)=Np[Bt+Bg(Rp-Rsoi)]
FR (Fractional recovery )=
FR=
case 2: Above bubble point
Rp=Rsoi=Rso=Zero

N(Bt-Bti)=Np[Bt+Bg(Rp-Rsoi)]
FR=

Bg=
Bg=
Bt =Bo+Bg(Rsoi-Rso)
Bt =1.52+0.00102×(1100-900)=1.724 bbl/STB
FR=

FR=
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P 0, 0 B, R, B, N, Ry
(psi) (STB/day) (MMscf/day) (bbUSTB) (scf/STB) (bbUscf) (MMSTB) (scf/STB)

7150 - - 1.743 1450 - 0 1450
6600 44230 64.110 1.760 1450 - 8.072 1450
5800 79326 115.616 796 1450 - 22549 1455
4950 75726 110.192 830 1450 - 36.369 1455
4500 - - 850 1450 - 1447
4350 70208 134.685 775 23 0.000797 1576
4060 50416 147414 670 1143 0.000840 1788
3840 35227 135.282 1037 0.000881 1992
3600 26027 115277 1566 958 0.000916 2158
3480 27452 151.167 523 882 0.000959 2383
3260 20975 141.326 474 791 0.001015 2596
3100 15753 125.107 440 734 0.001065 2785
2940 14268 116970 409 682 0.001121 2953
2800 13819 111.792 1.382 637 0.001170 3103
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F=N,B,
E, =B, — By
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=B,
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3.00 * 107°(0.43) + 3.30 * 107°
=1.743 [W
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Pr F E, © Ewy N=Ffp Euy
(psi) (MMbb))  (bbl/STB) (psi) (bbI/STB) (MMSTB)
7150 — - 0 0 -

6600  14.20672 0.0170 550 0.00772 574.7102
5800  40.49800 0.0530 1350 0.018949 562.8741
4950  66.55527 0.0870 2200 0.030879 564.6057
4500  80.42505 0.1070 2650 0.037195 557.752
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F = Ny[B, + (Ry = R;)By]
Eo = (B, — Bop) + (Rsi — R)By
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b & B A" Ewr N =F/£,,+£w,
(psi) (MMbbl)  (bbl/STB) (psi) (bbl/STB) (MMSTB)
7150 — - 0 0 -
6600 14.20672 0.0170 550 0.00772 574.7102
5800 40.49800 0.0530 1350 0.018949 562.8741
4950 66.55527 0.0870 2200 0.030879 564.6057
4500 80.42505 0.1070 2650 0.037195 557.752
4350 9721516  0.133219 2800 0.09301 563.5015
4060 129.1315  0.184880 3090 0.043371 565.7429
3840 158.9420  0.231853 3310 0.046459 571.0827
3600 185.3966  0.273672 3550 0.048986 574.5924
3480 220.9165  0.324712 3670 0.051512 587.1939
3260 259.1963  0.399885 3890 0.054600 570.3076
3100 294.5662  0.459540 4050 0.056846 570.4382
2940 3317239 0.526928 4210 0.059092 566.0629
2800 368.6921  0.590210 4350 0.061057 566.1154

Average 570.0000





