Porosity
From the petrophysical properties standpoint, one of the most important rock properties is porosity. Porosity is defined as a measure of the capacity of reservoir rocks to contain or store fluids.
Engineering Classification of Porosity
1. total (absolute) 
2. effective.
Geological Classification of Porosity
1. (primary or matrix porosity)
2. (secondary or induced porosity).


where
 = porosity, fraction
 = bulk volume of the reservoir rock
 = grain volume
 = pore volume
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Example
Calculate the porosity for cubic packing which is containing eight balls with diameter D, with sides equal to 2D as shown in below.
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(4/3)×π(D/2)3=0.5236D3×8=4.1888D3
؞ =47.64 	per cent
Problem
Calculate the porosity for rhombic packing which is containing eight balls with diameter D and 45° angle, with sides equal to 2D as shown in below.
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[bookmark: _GoBack]V bulk =2D×2D×2D×sin 45°=8D3×0.7071=5.65658 D3
Vgrains = 8×π×4/3×=4.1888 D3
×100=25.951

Example
A clean and dry core sample weighing 425 g was 100% saturated with 1.07 specific gravity (γ) brine. The new weight is 453 g. The core sample is 12 cm in length and 4 cm in diameter. Calculate the porosity of the rock sample.
Answer
The bulk volume is



The pore volume is













Example
An irregular piece of sandstone is 35.25 grams in mass. When coated with varnish, Its mass increased to 36.55 grams. Compute the rock porosity if coated sample  displaces 15.7 ml of water when fully submerged.

Answer




Some properties of the porous medium do not have the same value in different directions (that means Anisotropy). In an anisotropic porous medium, the permeability, and formation resistivity factor depend on the direction. In the most general case these properties are function of both location in the medium and orientation.

An averaging techniques are expressed mathematically in the following forms:
Arithmetic average φ = Σni φi /n 
Thickness-weighted average φ = Σni φi hi / Σnihi 
 Areal-weighted average φ = Σniφi Ai /ΣAi 
Volumetric-weighted average φ = Σniφi Ai hi / ΣniAi hi


where 
n = total number of core samples 
hi = thickness of core sample i or reservoir area i 
φi = porosity of core sample i or reservoir area i 
Ai = reservoir area i


Example
Calculate the arithmetic average and thickness-weighted average from the following measurements:
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Example 3.5 
Given a stacked reservoir with three sand of different reservoir pay thickness in the figure below. The reservoir structure is 710 acres. The initial oil formation volume factor from PVT laboratory analysis is given as 1.3251 rb/stb. 
Average water saturated =33%
[image: ]
The petrophysical properties are stated on each sand in the figure. 
Calculate the stock tank oil initially in place for this stacked reservoir.
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Original oil in place
The basis for the volumetric method for estimating the original hydrocarbon in place is the estimation of total HCPV of the reservoir. It is a product of the delineated area of the reservoir, net thickness of the pay zone, rock porosity, and the initial saturation of oil or gas or both. The following terminologies associated with the volumetric estimates are noteworthy.
Bulk volume of the reservoir, BV =  Reservoir area ×thickness 
Pore volume of the reservoir, PV =Reservoir area ×  thickness× porosity
Hydrocarbon pore volume, HCPV= Reservoir area ×thickness ×porosity ×saturation of hydrocarbon fluid


The general equation for estimating the OOIP in conventional oil reservoirs is as follows:
[image: ]

where 
A = areal extent of the reservoir, acres; 
h = net thickness of the oil bearing formation, ft.; 
ø = average porosity, fraction; 
Swi = initial water saturation, fraction; 
Boi = oil formation volume factor, rb/STB; STB = stock-tank barrel.












Original oil and gas in place
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Bgi = gas formation volume factor is rb/SCF.
Example 12.1
Calculate the pore volume, OOIP. 
Reservoir drainage area = 600 acres 
Average oil zone net thickness = 28 ft.
Average porosity = 0.205 fraction 
Initial water saturation (fraction) = 0.20 
Initial oil formation volume factor = 1.56 rb/STB 
Solution 
bulk volume of the reservoir: 
BV = 7758×  600 ×28 =130.334,400 MMbbl 
pure volume of the reservoir: 
PV = 7758×  600 ×28 ×0.205= 26.718,552 MMbbl 
Note that 1 MMSTB = 1×106 STB of oil. 
The volume of OOIP: 
13.690,412 MMSTB
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Solution
‘The average porosity is given as
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(a) Cubic




image3.png
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Solution

* Arithmetic average

0= lO+12+lI+13+l4+IO= 11.67%

6
* Thickness-weighted average

_(D0)+(1.5) 1) +(D) (1D +(2) (13) +2.D) (14) +(1.1) (10)
T+154+1+2+2.1+1.1

¢
=12.11%




