Reserve Estimation Methods
The oil and gas reserves estimation methods can be grouped into the following categories:
1. Analogy
2. Volumetric
3. Decline analysis
4. Material balance calculations for oil reservoirs, (Material Balance)
5. Material balance calculations for gas reservoirs, (Material Balance)
6. Reservoir simulation
Volumetric Methods
The volumetric method involves calculating: 
(a) the amount of oil and gas initially in place by a combination of volumetric (geologic) mapping, petrophysical analysis, and reservoir engineering.
(b) the fractions of oil, gas, and associated products initially in place that are expected to be recovered commercially-i.e., the recovery efficiencies-using analytical methods and/or analogy. 
Procedures to estimate oil and gas initially in place and recovery efficiency.
a. Oil Reservoirs
For an oil reservoir, or for the oil column of an oil reservoir with a gas cap, oil initially in place (OIIP) may be calculated as:
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where:
𝑁𝑖 = oil initially in place,STB. 
7758 = (unit conversion constant) barrels in an acre foot (1 acre=4046.85642 m2 ≅4047 m2 =(43560 ft2 *ft) of h * (1 𝑆𝑇𝐵/ 5.615 𝑓𝑡3 )=7758 STB. 
𝜙𝑜 = average porosity in the oil zone, fraction. 
𝑆𝑤𝑜 = average water saturation in the oil zone, fraction. 
𝐴𝑜 = area of the oil zone, acres. 
ℎ𝑛𝑜 = average net oil pay, feet. 
𝐵𝑜𝑖 = average initial formation volume factor, bbl/STB.
[bookmark: _GoBack]Porosity, water saturation, and oil formation volume factor should be volumetric-weighted averages in the oil zone. Solution gas dissolved in the oil at initial reservoir conditions may be calculated as:
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where:
𝐺𝑆𝑖 = solution gas initially in place, scf.
𝑅𝑠𝑖 = average initial solution gas/oil ratio, scf/STB.
In some areas, GOR units are cubic meters of gas per cubic meter of oil (m3/m3). The conversion factor is (5.614 scf/STB).
Oil reserves are usually obtained by multiplying the oil in place by a recovery factor, where the recovery factor is the estimated fraction of the oil in place that will be produced through a particular production or reservoir drive mechanism.
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b. Gas Reservoirs
 For a non-associated gas reservoir, or for a gas cap, free gas initially in place may be calculated as:
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where:
𝐺𝐹𝑖 = free gas initially in place, scf.
43560 = (unit conversion constant) cubic feet in an acre foot.
𝜙𝑔 = average porosity in the free gas zone, fraction.
𝑆𝑤𝑔 = average water saturation in the free gas zone, fraction.
𝐴𝑔 = area of gas cap or gas reservoir, acres.
ℎ𝑛𝑔 = average net thickness of gas cap or gas reservoir, feet.
𝐵𝑔𝑖 = average initial formation volume factor, ft3/scf.
Condensate (also called distillate) in the vapor phase at initial reservoir conditions(but measured as a liquid at surface conditions) may be calculated as:
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where:
𝐶𝑖 = condensate (distillate) initially in place, STB.
𝑅𝑐𝑖 = initial condensate/gas ratio (CGR), 
STB condensate/MMscf.
𝐶𝐹𝑖 = free gas initially in place, MMscf.


Reserve Estimation Methods
The oil and gas reserves estimation methods can be grouped into the following categories:
· Volumetric,
a. Oil Reservoirs
For an oil reservoir, or for the oil column of an oil reservoir with a gas cap, oil initially in place (OIIP) may be calculated as:
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where:
𝑁𝑖 = oil initially in place, STB. 
7758 = (unit conversion constant) barrels in an acre foot (1 acre=4046.85642 m2 ≅4047 m2 =43560 ft2 *ft of h * 1 𝑆𝑇𝐵 5.615 𝑓𝑡3 )=7758STB. 
𝜙𝑜 = average porosity in the oil zone, fraction. 
𝑆𝑤𝑜 = average water saturation in the oil zone, fraction. 
𝐴𝑜 = area of the oil zone, acres. 
ℎ𝑛𝑜 = average net oil pay, feet. 
𝐵𝑜𝑖 = average initial formation volume factor, bbl/STB.
b. Gas Reservoirs
 For a non-associated gas reservoir, or for a gas cap, free gas initially in place may be calculated as:
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where:
𝐺𝐹𝑖 = free gas initially in place, scf.
43560 = (unit conversion constant) cubic feet in an acre foot.
𝜙𝑔 = average porosity in the free gas zone, fraction.
𝑆𝑤𝑔 = average water saturation in the free gas zone, fraction.
𝐴𝑔 = area of gas cap or gas reservoir, acres.
ℎ𝑛𝑔 = average net thickness of gas cap or gas reservoir, feet.
𝐵𝑔𝑖 = average initial formation volume factor, ft3/scf.
· Material balance calculations for oil reservoirs, (Material Balance).




Example 2.1:
 An oil reservoir exists at its bubble-point pressure of (3,000 psia) and pressure (3400 psi). The oil has an isothermal compressibility of (12.6 ×10-6 psi–1 ) and oil formation volume factor at bubble point of (1.403 bbl/STB).
The following additional data are also available:
• Reservoir area = 640 acres.
• Average thickness = 10 ft.
• Connate water saturation = 0.25
• Effective porosity = 15%.
Calculate the initial oil in place in STB.
Solution:
Step 1. Calculate the oil formation volume factor at 3400 psia 
Bo= Bob × [1-Co (p-pb)]
Bo=1.403 × [1-12.6 ×10-6  (3400-3000)]=1.4 bbl/STB

 Step 2. Calculate the initial oil in place 
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Example 2.2:

The following data are given for the Bell Gas Field: 
Area = 160 acres. 
Net productive thickness = 40 ft. 
Porosity = 22%. 
 Connate water = 23%. 
Initial gas FVF = 0.00533 ft3 /SCF. 
Find the gas initially in place.
Solution: Calculating  initially  gas in place by using Eq. (2.3):



Note: Each “M” is equal 103 , So “MM” equals 106 .



Example 3.3: 
A hydrocarbon reservoir is mapped out in areas recorded at corresponding depths as given in table below:
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	Depth
	acre

	9800
	0

	10000
	60.873

	10300
	126.877

	10400
	62.223

	10500
	124.667

	10700
	65.193

	11400
	129.417

	11500
	70.863

	12000
	144.617





What is a contour?
Contour is an imaginary line on the ground surface joining points of equal elevation or a line on which every point is at the same level above or below a chosen reference surface. 
Measured by  Planimeter.
the constant vertical distance between two consecutive contours is called the contour interval. The contour interval is constant between the consecutive contours.
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Additional information
OWC 11,700 ft 
GOC 10,400 ft 
Gas expansion factor, Ei 234.5 scf/ft3 
Boi 1.235 bbl/STB 
∅ 20% 
Swc 23%
Required:
(a) Using interpolation method, determine the cumulative bulk at GOC and down to OWC 
(b) Calculate the gas initially in place 
(c) Calculate the oil initially in place assuming the formation is all sand 
Answer:
Note: The volume can be calculated by the trapezoidal rule which is started in the equation below:
Trapezoidal Rule
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Ao= represents the largest area.
h= represents the contour interval.







Trapezoidal Rule




a-The cumulative bulk at GOC and down to OWC 
	Depth
	acre
	h
	ac-ft
	Cumulative
ac-ft

	9800
	0
	0
	0
	0

	10000
	60.873
	200
	6087.3
	6087.3

	10300
	126.877
	300
	28162.5
	34249.8

	10400
	62.223
	100
	9455
	43704.8

	10500
	124.667
	100
	9344.5
	53049.3

	10700
	65.193
	200
	18986
	72035.3

	11400
	129.417
	700
	68113.5
	140148.8

	11500
	70.863
	100
	10014
	150162.8

	12000
	144.617
	500
	53870
	204032.8



	Depth
	acre
	h
	ac-ft

	9800
	0
	0
	0

	10000
	60.873
	200
	6087.3

	10300
	126.877
	300
	28162.5

	10400
	62.223
	100
	9455

	10500
	124.667
	100
	9344.5

	10700
	65.193
	200
	18986

	11400
	129.417
	700
	68113.5

	11500
	70.863
	100
	10014

	12000
	144.617
	500
	53870



b- The gas initially in place
VBg=43704.8




c-The oil initially in place




X=Vowc=171710.8 ac-ft
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