
International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org  

Volume 3, Issue 6, June 2014   ISSN 2319 - 4847 
 

Volume 3, Issue 6, June 2014 Page 58 
 

 
Abstract 

The Tar Sand formation is an oil sand of lower cretaceous age comprised mainly of Bitumen and Heavy oil. Owing to the nature 
of these reservoirs, production is often facilitated by the use of thermal recovery processes like electric heating, steam flooding 
and most commonly the Steam Assisted Gravity Drainage (SAGD). In producing from these reservoirs, the variation of the 
respective relative permeabilities to distinct fluids is often given major consideration. This work presents the simulation of a 
relative permeability model, adapted to a tar sand formation. The results portray the dependence of the fluid saturations and 
associated production rates on the governing relative permeability behaviour. The model does not however account for the 
heterogeneous nature of the reservoir lending it a few errors.  
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1. INTRODUCTION 
Tar sands are sedimentary formations (consolidated or unconsolidated) that contain heavy oil that are too viscous to flow 
into a well in commercial quantity. The oil are said to be heavier than water with gravity less than 10oAPI at 60oF and 
viscosity greater than 10,000MPaS [1]. This consequently makes production from such sands rather difficult, 
necessitating the use of thermal recovery techniques like Fire flooding or the Steam Assisted Gravity Drainage (SAGD) 
method [2]. In the recovery of oil from tar sand, some fluid properties like the relative permeability to oil and water is 
considered. 
Tar sand, also known as oil sands are sands of lower cretaceous age, which probably derived their bitumen content from 
the underlying coral reef reservoir of upper Devonian age. The latter come into contact and near-contact with the 
overlying sands at the unconformity between the lower cretaceous and the Devonian. The escape of oil and gas through 
fissures and fractures from the Devonian reservoirs into the cretaceous tar sands occurred during and after their 
deposition [3]. 
Tar sands are not only made up of only bitumen but also consist of feldspar, mica and clay minerals in minor amounts 
while quartz is the dominant mineral of the tar sands and it constitutes over 90% of the entire assemblage of mineral 
grains [4]. Tar sands are water-wet by nature and example of basins where it could be found are Okitipupa in Ondo state, 
Nigeria, South eastern run in Kentucky, USA, the Ugnu tar sand reservoir in Alaska, USA, the Utah deposits of the USA 
and the renowned tar sand of Athabasca river, Alberta, Canada [5]. 
The relative permeability is a concept is often used as a framework for describing two and three phase flow of immiscible 
fluid through porous sedimentary rock. The term permeability has been adopted as a measure of the porous rock’s ability 
to conduct fluid [6]. The permeability of tar sand formation is a major property that is essential in the recovery of the oil 
in a tar sand formation.  
The study of relative permeability is carried out in relation with other reservoir parameters like the oil viscosity, fluid 
saturations, pressure, wettability and these studies are done under conditions of steady-state flow and approximately 
constant or slowly changing pressure drops [6]. Relative permeability study in the field is done through the evaluation of 
individual production well treatments, with many laboratory test on the field crude oil and water samples. This will 
confirm that the increase in the relative permeability of the tar sand will lead to the increase in the oil recovery through 
the use of the thermal recovery method (SAGD) [2]. 
Coats [7] established a three-dimensional model whish was also similar to that of Ferrer and Farouq [8] with the 
following differences: the heavy component is assumed to be non-volatile, the heat losses to over and under burdens could 
be different and the assumption is the same as that in Abou-Kassem and Aziz’s model [9]. However, the latent heat of 
vaporization of oil components is neglected. This model was later modified by Coats et al [10] by presenting a three-
dimensional model. They assumed that the oil is a non-volatile component and steam forms the bulk of the gas phase.  
Coats [7] also reported for time treatment of relative permeabilities shown below: 
 

  p = w, g                                   (1) 

And 
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                                 (2) 

Weinbrandt and Ramey [11] demonstrated the importance of temperature on the relative permeability, just as Coat [7] 
suggested a temperature dependent formulation for relative permeabilities, and the temperature dependence was 
recognized, but Corey [6] modified a model on relative permeability relationships. This work establishes the relationships 
between the relative permeability to fluids in the reservoir and fluid saturations, capillary pressure and production rates 
using the Corey [6] model. 
 
2. MATHEMATICAL MODELING 
2.1 Relative Permeability Model 
This model shows the relationship between the fluid saturations and relative permeability. This is to say that the fluid 
saturations are used in calculating the relative permeability of fluids in the reservoir. The relationships are shown below: 
For oil: 

                             (3) 

where 
Kro = Relative Permeability to oil 
Sg = Gas Saturation in the reservoir 
Sw = Water Saturation in the reservoir 
Swi = Irreducible Water Saturation 
The Swi is determined experimentally, but in a situation where there is no experimental data, it can be determined from: 

                                    (4) 
where T is temperature in oF. 
For water: 

   for Sw > Swi                                            (5) 
   for Sw ≤ Swi                                             (6) 

Where 
Krw = Relative Permeability to water 
Swe = Effective water saturation 
From the equation above it is seen that, the Krw is a function of Swe. It also shows that the Sw and Swi play major functions 
in determining the Krw. 
Swe is calculated from: 

                                                (7) 
Therefore, varying the values of Sw will give different values of Swe which in turn gives different values of Krw. 
 
2.2 Production Rate Model 
In the production rate determination, the relative permeability to the fluid plays an important function in it. This is shown 
in the equation below: 

                                            (8) 
Where 
qo = Oil phase production rate, cu.ft/day 
k = Absolute permeability, md 
V = Grid block volume, cu.ft 
μo = Viscosity of oil, cp 
h = Thickness of a grid block, ft 
kro = Relative permeability to oil 
ρo = Density of oil, lbmol/cu.ft 
Pw = Wellbore pressure, psia 
α = Productivity index constant 
From the oil production rate equation, input of different values of Kro, will give different values of qo in a particular 
reservoir. Therefore, the relationship between Kro and qo can be established. 
 
2.3 Capillary Pressure Model 
The capillary pressure shows the pressure at which complete vaporization of oil and water will occur. It is a function of 
Sw, Sg and Swe. This relationship is expressed as: 
For gas/oil: 
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                                (9) 

Where 
Pcg = Gas/Oil Capillary pressure, psia 
CG = Gas constant 
For oil/water: 

                              (10) 

Where 
Pcw = Oil/Water Capillary pressure, psia 
CW = Water constant 
 
3 RESULTS AND DISCUSSION 
The model is validated using the data from the Ugnu field, Alaska [5] shown in the table below. 
 

Table 1: Reservoir Rock and Fluid Properties Data [5] 
Properties Values 

Net Thickness, ft 500 
Porosity, % 22 

Permeability, md 77 
Oil gravity, oAPI 24 

Reservoir Temperature, oF 175 
Reservoir Pressure, psia 110 

Oil Viscosity, cp 0.6 
Water Viscosity, cp 0.8 

 
The assumed fluid saturations to which the model is adapted are given in the table below. 

Table 2: Reservoir fluid saturations 
S.No Oil Gas  Water 

1 0.38 0.10 0.52 
2 0.40 0.12 0.48 
3 0.42 0.14 0.44 
4 0.44 0.16 0.40 
5 0.46 0.17 0.37 
6 0.49 0.18 0.33 

 
These parameters are substituted into the model equations. The results of the computations obtained from the model 
program written in a QBASIC code are illustrated in the figures below. From the results shown, the relative 
permeabilities to the respective fluids are observed to vary largely with the fluid saturations. The corresponding influence 
of this on the fluid flow rates is also observed.  

 
Figure 1 Variation of Relative permeability to oil (Kro) with water saturation (Sw) 
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Figure 2 Variation of Relative permeability to oil (Kro) with Gas saturation (Sg) 

 
Figure 3 Variation of Relative permeability to water (Krw ×10-5) with water saturation (Sw) 

 
From the results shown, the relative permeabilities to the respective fluids are observed to vary largely with the fluid 
saturations. The corresponding influence of this on the fluid flow rates is also observed in the figures below. 

 
Figure 4 Variation of Oil production rate (qo) with the relative permeability to oil (Kro) 

 

 
Figure 5 Variation of Water production rate (qw) with the relative permeability to water (Krw) 
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Figures 4 and 5 reveal the linear relationship existing between the flow rate and the relative permeability to a fluid. As is 
expected, as the rock’s permeability to a particular fluid increases, a corresponding increase in the flow rate is observed 
owing to the fact that the rock, at that particular time, preferentially transmits that fluid. 
 
4 CONCLUSION 
The simulation results in this work reveal a great deal of dependence of production rate and relative permeability on the 
inherent fluid saturations. It should also be noted that the heterogeneous nature of the tar sand formation lends it to a 
great deal of permeability variation not accounted for in the model used. The presence of Asphaltene compounds in the 
oil is also known to contribute immensely to this. 
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