Conception the Fluid Flow Behavior within Oil Reservoir Rock by using Computed Tomography (CT) scan
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Abstract 
The behavior of fluid flow has been studied during the different flow media over the past decades. In addition, the behavior of the flow of fluid through porous media has garnered much research interest. This paper, sheds light on fissured rocks of oil reservoir media (as one of porous media domain), and the effect of these fissured on fluid flow. In this article the Finite Volume Method (FVM) has been used to visualize the behavior of single-phase fluid flow in an actual core according to dual porosity dual permeability model. The study was conducted on two parts, the first was the image processing for one of the real oil reservoir fractured rock image, where the image was processed and simulated by ANSYS-CFX software, and the results showed a complete visualizing of the fluid behavior during this domain. As for the other side, a simulation of a real reservoir rock belonging to Al-Nour field in Iraq / Misan was made. The X-ray Computed Tomography (CT) scan has been used to convert the actually fractured core to a dynamic domain. ANSYS-CFX program has been used and the results illustrated the pressure counter, the velocity counter, the velocity streamline, and the velocity vectors for the studied model in three dimensions. A comparison was made between the productivity index for fractured and non-fractured rock and the results explained that the presence of fracture can improve the productivity index to about 5.74%.
NOMENCLATURE

	Permeability [Darcy]
	k

	The phase saturation 
	s

	Average reservoir pressure [psi]
	

	Bottom hole pressure [psi]
	Pwf

	Pressure gradient [psi]
	

	Relative permeability 
	kr

	Gravity acceleration vector [m/s2]
	g

	Phase flux [m/s]
	u

	Volumetric flux from the matrix domain to the fracture domain [m/s]
	qm-f

	Volumetric flux from the fracture domain to the matrix domain [m/s] 
	qf-m

	Velocity [m/s]
	v

	Time [s]
	t

	Productivity index [BBl/psi Day]
	J

	Oil flow rate [BBl/Day]
	qo

	Greek Letters

	Volumetric source term [m/s]
	

	Porosity [-]
	

	The density of fluid [kg/m3]
	

	Dynamic viscosity [Pa. s]
	

	Superscripts

	Fracture 
	f

	Matrix	
	m


1. Introduction
[bookmark: baep-author-id9]Natural fractures are found in almost all petroleum reservoirs. These structures are difficult in their characterization and predictor. Representing the fluid flow behavior in a naturally fractured reservoir is very complex because of the complex nature of these domains. This topic took the attention of both engineers and geologists [1-3]. There are two media could be recognized in this type of reservoir; fracture media and matrix media. The fracture and matrix are different in their porosity and permeability. The effect of the fracture and fracture permeability on flow of fluid have been notarized by many studies, where these fissures maybe act as a barriers system, conduits system or combined (conduit-barrier) systems [4 and 5]. A comprehensive study of the effect of fractures on the fluid flow within the subsurface has been given by scientists [6-12]. In 1990, Luthi and Souhait, performed a 3D finite element models to investigate the response to fissures of the Formation Micro-Scanner, where a high resolution has been recorded for electrical scans for the borehole wall according to fissures. The detected, traced, and quantified fissures were the 3-steps that they used in their model. In the detection step, they used the Formation Micro-Scanner images for the locations that possibly had fissures, so when the electric conductivity overrides the local conductivity of the matrix by a statistically considerable amount the fracture locations are detected. After that, they performed an integration around these locations over a circular zone to gather all excessive currents; then the integral reduced to approximate the line integral. The trace step has been done by a line sharpening and neighbor connectivity tests then the apertures are computed for whole fissure locations. From the obtained results, they showed that their method successfully traces fractures, and their technique was novel and unique for characterizing fissures in wellbores [13]. In 2003, Hirono et. al, used the n X-ray computed tomography (CT) imaging method to visualize the behavior of fluid during the permeability testing. Moreover, along the permeable zone, they measured the localized permeabilities [14]. In 2007, Karpyn et. al., studied the fissures effect on two phase flow of fluid (oil and water), and they used micro-computed tomography (MCT) to distinguish the internal structure of the fracture.
The focus of this research was on visualizing the flow inside the fractures in a different way, as several programs were used in order to obtain a comprehensive visualization of a single-phase fluid flow in these media. Moreover, the X-ray Computed Tomography (CT) scan has been used to convert the actually fractured core (the core that were taken from Al-Nour field in Iraq / Misan) to a dynamic domain, where several programs have been used to get a three-dimensional dynamic domain for the mentioned core.
2. Methodology 
The behavior of fluid flow through a fracture profile in a permeable rock in an actual reservoir core, shown in Figure (1), according to dual-porosity-dual-permeability (DPDP) model has been performed numerically in this study. The study full in two domains; the first one represents the simulation of a natural fracture picture, as shown in Figure (2). While the second one represents the simulation of the actually fractured core. Where, the X-ray Computed Tomography (CT) scan used to get a 3D picture for the actually fractured core, as illustrated in Figure (3). This image was subjected to a series of software operations to be converted from a static model that can't be simulated, into a dynamic model that can be simulated. Figure (4) shows the chart for the series of programs used in the image processing. 
	


	Figure (1): Flow in actual fracture
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Figure (2): Fractures and Matrices. [16]
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	Figure (3): Actual Fractured core.


There are two media could be recognized in this type of rock; fracture media and matrix media. The general form of a mass balance equations can be given as [17, 18];
· The mass balance equation for the fluid flow in the matrix system is given by the following equation
                                                 .....                    
where the phase fluxes in matrix () is given by:      
                                             .....(2)

· The mass balance equation for the fluid flow in the fracture system is given by the following equation:

where the phase fluxes in fracture () is given by:  .....(3)

              .....(4)

Where;  is the porosity, s is the phase saturation, q is the volumetric flux, is the volumetric source, Kr is a relative permeability, and the superscripts; f and m denote to the parameters which defined in fracture and matrix domains, respectively. 
Moreover, the general form of a momentum conservation equation (Navier-Stokes equation) can be given as [19];

Where; .....(5)


Darcy introduced an equation for the mean filter velocity  for the fluid flow through a homogeneous porous media field with absolute permeability k, a viscosity of the fluid , and  pressure  gradient across the domain  : .....(6)

                                                                    
where;
g = The acceleration due to the gravitational forces, which can be neglected for a horizontal layer flow (ft/s2).
= The density of the fluid (Ib/ft3).
The mean filter velocity in Equation (3.7), is also called Darcy velocity, which is related to the average pore velocity  by the relation [20]:
                                                                                  .....(7)

Where  is the effective porosity of the porous media.
	
	.....(8)



Where;  is an average value for which can be calculated from the following:
	
	.....(9)



For the single-phase flow conditions, the productivity index (J) defined as the relationship between flow rate and the pressure drawdown, the difference between a given average reservoir pressure and the bottom-hole flowing pressure:
                                     .....(10)

Where;  is the oil flow rate, the average reservoir pressure, and 
The parameters boundary conditions are; Fluid density = 49.94 Ib/ft3 (0.8 g/cm3), Fluid viscosity = 0.00010443 lbf s ft-2 (5 cp), The total pressure inlet = 3000 psi (2.068E7 Pa), No- slip wall conditions, and homogenous domain have been assumed.

Figure (4): The CT-scan image transition.

3. Results and Discission

The single-phase fluid flow is presupposed to be laminar and follow Darcy’s Law. Moreover, the EbFV approach has been used in the analysis and the results in detail have been explained. The X-ray Computed Tomography (CT) scan used to convert the actually rock domain to a dynamic picture domain, to make it suitable for simulating by ANSYS-CFX program.
Figure (5-A) represents the real image from which the measurements of the fracture was taken. While Figure (5-B) represents the computational domain that corresponds to this image that was executed in the ANSYS program, CFX package. The average fracture apertures have been calculated in this model, where it is approximately (1.42 cm), which in turn can be used to calculate the permeability of fracture by using Eq. (8).
Figure (6) shows the pressure contour throughout the computational domain where pressure gradient can be observed through the domain as a whole, in addition, to illustrate the pressure distribution through the fractured area.
Figure (7) illustrates the velocity contour throughout the computational domain. A rapid velocity increase in the fractured zone can be observed, which is attributed to its high permeability when compared to the permeability of the surrounding rock. Where the average velocity in the fracture is (0.007151 m/s, Re = 16.13), while the average velocity in the matrix is (0.00008143 m/s). 
Figure (8) and Figure (9), visualize the velocity streamline and the velocity vectors throughout the computational domain, respectively, under (1000 psi) pressure drop and with fracture permeability equal to (0.0000168 m2). Where the velocity streamline can be followed throughout the domain to move from the areas of high pressure to low pressure, in addition to the distribution within the fractured zone. The incoming velocity vectors to the fractured zone have been enlarged to give further indication of intensified fluid movement in this area.
On the other hand, the simulation of a real rock model (with 10.5 cm in diameter and 5.5 cm in length) obtained from the Misan Field, Bin Umar formation, at a depth (3688 m) was done. The tomography scan has been taken to the rock by using a CT scan device belonging to Al-Fayhaa Hospital, where a total of a CT scan pictures have been obtained and a number of programs were treated so that the geometry could be converted into a 3D dynamic domain that could be simulated by ANSYS. These processes would convert the geometrical form a static model into a dynamic model that can be manipulated with engineering programs and undergone the boundary conditions that related to a special issue, as shown in Figure (10). The average fracture aperture is about (1.9054 cm), here also the Eq. (8) could be used to calculate the permeability of the fracture.
Figure (11) displays the pressure contour and the velocity contour if it is presumed that the rock without any fracture. Where the pressure drop during the rock is 1000 psi, while the average velocity on the outlet approximately (0.0001538 m/s). The velocity streamlines and the velocity vectors of the fluid during the non-fractured rock are depicted in Figure (12).
The pressure contour and the velocity contour of fractured rock illustrate in Figure (13). Obviously, the presence of a small fracture can contribute to raise the rate of fluid velocity where the average velocity of the outflow fluid reaches about (0.000162467 m/s). The difference in the pressure contour lines in both the fractured and non-cracked rock is illustrated in Figure (15), where the pressure lines are distributed clearly in both cases. In the absence of a fracture, the pressure distribution will be uniform to all layers of the rock from the high-pressure area to the low-pressure zone. In the case of fractured rock, the pressure will decrease at all sides of the fracture faster than adjacent layers. This is due to the high permeability of the fracture when compared with the matrix.
The velocity streamlines and the velocity vectors of the fluid over the fractured rock are depicted in Figure (14), where an increase in fluid velocity can be observed in the fracture zone, this is a reasonable behavior as the fluid would be attracted to the areas with high permeability. A comparison was made between the productivity index for fractured and non-fractured rock and the results explained that the presence of fracture can improve the productivity index to about 5.74%.
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Figure (5): (A) Real fractured rock image, (B) The domain that has been designed by ANSYS program
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Figure (6): The Global pressure contour throughout the domain
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Figure (7) The velocity contour throughout the domain.
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Figure (8): The velocity streamline throughout the domain.
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Figure (9): The velocity vectors throughout the domain.
	




Figure (10): Converting static geometry to dynamic geometry.
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Figure (11): The pressure contour and velocity contour throughout the non fractured rock
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Figure (12): The velocity streamlines and the velocity vector throughout the non fractured rock.
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Figure (13): The pressure contour and velocity contour throughout the fractured rock.

[image: ]







Figure (14): The velocity streamlines and the velocity vector throughout the fractured rock.


	[image: ]
A) Non-Fractured Rock
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B) Fractured Rock


Figure (15): The pressure contour of the rock.

4. Conclusion 
The Numerical simulation for single phase and laminar flow of fluid within fractured rock has been conducted in this study. The X-ray Computed Tomography (CT) imaging was successfully applied, and by using many image processing programs, a three dimension for fluid behavior in a rock has been illustrated. Moreover, The X-ray Computed Tomography (CT) imaging helped to diagnosis the fracture within the rock with high resolution and the behavior of fluid within the fracture has been visualized in details. The results of this study explained that the presence of fracture can improve the productivity index to about 5.74%.
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