Saturation
Generally, fluid saturation is defined as the ratio of the volume of a fluid phase in a given reservoir rock sample to the pore volume of the sample.
This property is expressed mathematically by the following relationship:
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All saturations are based on pore volume not gross volume of the reservoir. The saturation of each individual phase ranges between zero to 100 percent. By definition, the sum of the saturations is 100%, therefore’’

volume of gas +volume of oil + volume of water= pore volume
 by divided both sides on 

                   
Then 






Critical oil saturation
Soc For the oil phase to flow, the saturation of the oil must exceed a certain value which is termed critical oil saturation. At this particular saturation, the oil remains in the pores and, for all practical purposes, will not flow.
Residual oil saturation
Sor During the displacing process of the crude oil system from the porous media by water or gas injection (or encroachment) there will be some remaining oil left that is quantitatively characterized by a saturation value that is larger than the critical oil saturation. This saturation value is called the residual oil saturation, Sor. The term residual saturation is usually associated with the non-wetting phase when it is being displaced by a wetting phase.
Movable oil saturation
Som Movable oil saturation Som is another saturation of interest and is defined as the fraction of pore volume occupied by movable oil as expressed by the following equation:

Critical gas saturation
Sgc As the reservoir pressure declines below the bubble-point pressure, gas evolves from the oil phase and consequently the saturation of the gas increases as the reservoir pressure declines. The gas phase remains immobile until its saturation exceeds certain saturation, called critical gas saturation, above which gas begins to move.
Critical water saturation
Swc The critical water saturation, connate water saturation, and irreducible water saturation are extensively used interchangeably to define the maximum water saturation at which the water phase will remain immobile.

Wettability
Wettability is defined as the tendency of one fluid to spread on or adhere to a solid surface in the presence of other immiscible fluids.
This is the result of a balance of intermolecular forces and surface energies between fluids and the solid. This is shown in figure below.
[image: ]
(a) Water-oil-solid interfacial interactions. (b) Contact angles.



Where , the system is known as “water wet” and water will tend to spread on the solid surface; and where , the system is known as “oil wet” and oil will spread on the solid surface. 
Where vector forces are balanced at the oil-water-solid contact point, giving the relationship:

where 
 = the interfacial tension between oil and solid; 
 = the interfacial tension between water and solid;
 = the interfacial tension between oil and water; 
 = the contact angle between water and oil at the contact point measured through the water. Wettability will control the distribution of oil and water in the pore space. In water wet systems oil will tend to be found in the centers of pores, while in oil wet systems oil will be retained around the solid grains see Figure below:

[image: ]

Gas will normally be the nonwetting phase with respect to both water and oil.

Permeability
Permeability is a property of the porous medium that measures the capacity and ability of the formation to transmit fluids. The rock permeability, k, is a very important rock property because it controls the directional movement and the flow rate of the reservoir fluids in the formation. This rock characterization was first defined mathematically by Henry Darcy in 1856. Poiseuille’s equation for viscous flow in a cylindrical tube is a well-known equation.
[image: ]

Where:
v = fluid velocity, cm/sec d = tube diameter, cm
Δp = pressure loss over length L, µ = fluid viscosity, centipoise
L= length over which pressure loss is measured, cm
A more convenient form of Poiseuille’s equation is (multiplied by area=  = )
[image: ]
A cast of the flow channel in a rock formation is shown in (Figure below). It is seen that the flow channels are of varying sizes and shapes and are randomly connected. So it is not correct to use the Poiseuille’s equation for flow in the porous media.

[image: ]

In 1856, Darcy developed equation to fluid flow (flow of water through sand filter ) as schematically in below:





[image: ]

Here Q represents the volume rate of flow of water downward through the cylindrical sand pack of cross sectional area A and height h and K is a proportionality constant.
Later investigator found that Darcy’s law could be extended to other fluid as well as water and that the constant of proportionality K could be written as
[image: ]
Where: 
K = Proportionality constant or permeability, Darcy’s 
µ= Viscosity of flowing fluid, cp 
= Pressure drop per unit length,  atm/cm
Q= Volumetric flow rate, This is a linear law, cc/sec Note: A millidarcy (mD) is one thousandth of a Darcy.
Then the generalized form of Darcy’s low


      ()

S= distance in direction of flow and is always positive, cm
V= volume flux across a unit area of the porous medium in unit time along flow path, s, cm/sec
Z= vertical coordinate, considered positive downward, cm ρ= density of fluid, gm/cc
g= acceleration of gravity, 980.665 cm/sec2
dp/ds= pressure gradient along s at the point to which V refers, atm/cm µ= viscosity of fluid, centipoises
k= permeability of the medium, darcys


The mobility of a fluid, is defined as the ratio of its effective permeability to its viscosity.
[image: ]
A. For horizontal flow

[image: ]()
= Zero


Incompressible fluid and is horizontal, then dz/ds =0, dp/ds= dp/dx,

Then
          × (A/A) left side 

by separating  variables,

Integrating between the limits 0 and L in x and P1 and P2 where P1 is the pressure at the inflow face and P2 the pressure at the outflow face,

 

B. For vertical flow
There are three vertical flow system frequently encountered in practice. 
i. Free flow (gravitational forces):
System is of uniform cross-section area a first consider the case when the pressure at the inlet and outlet are equal (free flow) such that only the gravitational forces are driving the fluid.
For these condition, incompressible fluid and is vertical, then dz/ds =1, S=Z and dp/ds=0
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ii. Downward flow:
Next consider the case of downward flow when the driving head (difference in hydraulic head of inlet and outlet is h.
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then =1, and  = 
 there is no difference in pressure along the model  
()
() =
()







iii. Upward and the driving head:
when the flow is upward and the driving head is h. Z  defined as a positive download.
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s=zero
s=1

()
then 
=-1, and  =- 
()
multiply both sides of the equation by A
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