In petroleum engineering, dealing mathematically with more than one term for porosity. 
1. Absolute porosity
2. Effective porosity
3. Residual porosity.
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Example 1
Unit cells of two of the packings studied, cubical packing and Rhombohedral as shown in below. 
The porosity for cubical packing is 47.6 per cent. Considering cubic packing, the porosity can be calculated as follows:
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Example 2
اعطي 
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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where
φ = porosity, fraction
Vb = bulk volume of the reservoir rock
Vgr = grain volume
Vp = pore volume
Then 
Vb = bulk volume of the reservoir rock = (side length)3 = (2r)3 = 8r3
Vgr = grain volume 
Vgr = volume of ball ×number of balls = (4/3)×π(r)3=(4/3)×π r3×8=4.1888r3
؞ =47.64 	per cent
Or
Vb = bulk volume of the reservoir rock = (side length)3 = (2D)3 = 8D3
Vgr = grain volume 
Vgr = volume of ball ×number of balls = (4/3)×π(D/2)3×8
Vgr = 0.523598 (D)3×8=4.1888r3
؞ =47.64 	per cent









Homework:
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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Solution:
[image: ]
Vbulk =2D×2D×2D×sin 45°=8D3×0.7071=5.65658 D3
Vgrains = 8×π×4/3×=4.1888 D3
×100=25.951%






Example 3
Effective porosity by the saturation method.
A = weight of dry sample in air = 20 g
B = weight of saturated sample in air  = 22.5 g, fluid density = 1 g/cm3
C = weight of fluid in pore space = B-A = 22.5-20 = 2.5 g
D = Volume of water in pore space = 2.5 gm/1 gm/cc
= 2.5 cc
E = Effective pore volume= 2.5 cc
Bulk volume of rock (Problem 1) = 9.8 cc
 
=

FUNDAMENTALS OF FLUID FLOW IN POROUS MEDIA
 نستخدم ال gasoil في الاختبار عادة لكي لا يحدث swelling عند ملامسة الماء العذب لل     shale (Ca) 
Homework:
A clean and dry core sample weighing 425 g was 100% saturated with 1.07 specific gravity (ɤ) 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.


Solution:
[image: ]
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Homework:
Coated sample immersed in water
Weight dry sample in air= 20.0 gm
Weight dry sample coated in paraffin=20.9 gm (Density of paraffin= 0.9 )
Weight coated sample immersed in water at 40°F= 10.0 gm (Density of water= 1.0 )
Find bulk volume of rock?
Solution:
Weight of paraffin= 20.9-20.0=0.9 gm
Volume of paraffin=
Weight of water displaced= 20.9-10.0=10.9 gm
Volume of water displaced =
Volume of water displaced- Volume of paraffin=
Bulk volume of rock= 9.9cc
مصدر 45











Boyle’s Law Porosimeter
تعتبر من الطرق الحديثة لقياس المسامية , وهي طريقة غير إتلافيه (وذلك لعدم استخدام الزئبق) وذلك بعدم تسليط ضغوط عالية (psi 700)  اي الضغط المسلط تقريبا 100 psi)). 
[image: ]
الغازات المستخدمة
1. الهواء
2. Co2
3. He غاز الهليوم (وهو من الغازات الخاملة؛ لأنّها غازات غير نشيطة كيميائياً, ويُشار إلى أنّ لزوجة الهيليوم تُساوي صفر تقريباً؛ لذلك فإنّه يمرّ من خلال أصغر وأدق الشقوق ويتسرّب بسهولة من فوّهات الأوعية التي يوضع فيها)






P1×V1=P2×V2

[image: ]

P1×Vref=P2×[Vref+Vcor-Vgra]
P2× Vgra=P2×[Vref+Vcor]- P1×Vref
Vgra=
Vgra == Vmat









Example 4
A full diameter core (D=3”, L=6”) is placed in a core chamber of Boyle’s law device, each cell has a volume of 1000cc.
After evacuation cell one is pressured to 50 psig, the valve is opened and the two cells are connected & the final pressure is 28.1 psig. 
Calculate the porosity?
P1=50+14.7=64.7 psia
P2=28.1+14.7=42.8 psia
Vb=π/4 D2×L=π/4 ×(9)×6×(2.54cm/inch)3
Vb=965 cc
Vgra == Vmat
Vm=2000-(64.7/42.8)×1000
Vm=488.32
Vp=Vb-Vm= 695-488.32=206.6
Ø=Vp/Vb=206.6/695 =29.73%

A third method is the Boyle’s Law Method. As the name implies, it uses Boyle’s Law for the grain volume determination:

p1V1=p2V2
Equation 3.04
In this method, the core sample is placed into one chamber of an experimental apparatus containing two chambers of known volume connected by a closed valve. An inert gas (helium or nitrogen) is introduced into the chambers at different, but known, pressures. At this point, the total number of moles, nT, in the apparatus can be determined from:

nT=n1+n2
Equation 3.05
PV=nRT
Equation 3.06
pfVTRT=p1V1RT+p2V2RT
Equation 3.07
For isothermal conditions, this reduces to Boyle’s Law:
Example of Boyle’s Law Porosimeter
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pfVT=p1V1+p2V2
Equation 3.08
The valve between the chambers is opened and the pressure is allowed to stabilize to the final pressure, pf, and is recorded. If we assume that the core sample was placed into Chamber 1, then we have:

pf(V1+V2−Vg)=p1(V1−Vg)+p2V2
Equation 3.09
[image: ]
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3.2.1: Porosity from Laboratory Measurements


Note: The reservoir rock may generally show large variations in porosity vertically but does not show very great variations in porosity parallel to the bedding planes.
كما لوحظ ذلك من خلال الدراسات المكمنية و النتائج المختبرية وعليه وجدت صيغ معتمدة لحساب معدل المسامية.
These averaging techniques are expressed mathematically in the following forms:
Arithmetic average 
Thickness-weighted average  
 Areal-weighted average  

Volumetric-weighted average 
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
[bookmark: _GoBack]
Example 5
Calculate the arithmetic average and thickness-weighted average from the following measurements:
[image: ]
Indirect methods for measuring porosity, they are well log methods, which is commonly used:
1. The sonic log (it depends that sound travels faster in solid bodies than in liquids).
2. Neutron log ( working principle is that neutrons collide with hydrogen atoms then absorbed).
3. Density log (measures the density difference in the scanned area and then converts it to porosity).
Homework:
A clean and dry core sample weighing 425 g was 100% saturated with 1.07 specific gravity (ɤ) 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.
Solution:
[image: ]
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‘The unit cell is a cube with sides equal to 2r where 7 is the radius of the
sphere. Therefore,

Bulk volume = (2r)? = 8%
Since there are 8 (%) spheres in the unit cell,

Sand-grain volume = 427
the porosity, therefore, is

Pore volume . bulk volume — grain volume
Bulk volume * 1% bulk volume X100
—l—xwo- 1 = 572 X 100 = 47.6 per cent.
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Athird method is the Boyle's Law Method. As the name implies, it uses Boyle's Law for the grain volume
determination:

Equation 3.04
V=l

In this method, the core sample is placed into one chamber of an experimental apparatus containing two
chambers of known volume connected by a closed valve. An inert gas (helium or nitrogen) is introduced into the

chambers at different, but known, pressures. At this point, the total number of moles, n. in the apparatus can be
determined from:

Equation 3.05
np=ntm 4

PV —nRT Equation 3.06

R Equation 3.07
RT ~ RT RT

For isothermal conditions, this reduces to Boyle's Law:
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Ve =pVi+;Va Equation 3.08

The valve between the chambers is opened and the pressure is allowed to stabilize to the final pressure, pr, and
s recorded. If we assume that the core sample was placed into Chamber 1, then we have:

Vit Va-V) =p (Vi - V) + ;. Vo Equation 3.09
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Solving for v,

Equation 3.10
Vilps —p) + Va(pr — ) auation

(pr —p1)

The advantages of this method are that it is non-destructive and can be very accurate. The disadvantage of this
method is that for low permeability core samples, it may take a long time for the pressures to stabilize. Since the
gases can only enter o leave the connected pores, the porosity obtained from the Boyle's Law Method is the
effective porosity, ¢,

Vo

Pore Volume, V,,, Determination

Early methods used for pore volume determination, such as the Washburn-Bunting Method, used mercury
injection into the pore spaces of the core sample. I these Mercury Injection Methods, high pressure mercury
was injected into the core sample and the volume of mercury entering the core was measured. These methods
had several drawbacks, including the destructive nature of the test and the compression of any gases in the core
sample retaining a residual volume, resulting in measurement inaccuracies.
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Example 3.02

Given the data:

« Vi = 100cc
. Vh = 100cc

« py = 15.0psi
« p — 60.0psi

When the valve between Chamber 1 and Chamber 2 is opened, the pressure is found to stabilize at
Py = 39.0psiWhat s the grain volume of the core sample?

Click for answer.
SOLUTION:

From Equation 3.10, we have:

100ce (39.0 psi — 15.0 psi) + 100 cc (39.0 psi — 60.0 psi)
(39.0 psi — 15.0 psi)

4]

vy = 12.5cc
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Solution

« Arithmetic average

0= 012411+ 3414410y, g

6
« Thickness-weighted average

_()(10+(1:5) 1)+ (1) (1D +@) (1D +2.D) (14 + (LD (10)
T+15+1424 20411

o
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