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STATEMENT OF THE PROBLEM: Petroleum oil viscosity evaluation is one of the most critical petro physical properties required when estimating hydrocarbon reservoir because viscosity is usually the major impediment parameter to the recovery of oil reservoirs especially at high temperature specifications due to climatic change. Therefore, detailed mathematical and computational analysis of oil viscosity can be extremely useful for the development of any potential oil/gas reservoir. This can enhance the present capacity for reservoir simulation and well testing. 
METHODOLOGY AND THEORETICAL CONSIDERATION: In this investigation, we presented analytical solutions to the Bloch NMR diffusion equation in spherical coordinate and obtained analytical expression for the viscosity dependent signal in terms of NMR parameters. The analytical technique allows for a new definition for the Reynolds number derived in terms of NMR/MRI flow parameters and the diameter of the spherical particle with an effective hydrodynamic radius r. 
FINDINGS:  We explore the petro physical properties of brine, shale oil, tetraline and decaline based on equation (1) and figures1-8. This is very important because the more spherical the grains are, the more space is left between them and well-rounded sandstone will have the most oil and gas of any of the clastic rocks. 
CONCLUSION AND SIGNIFICANT: Since the vast majority of the world’s remaining oil reserves are categorised as heavy / unconventional oils (high viscosity), the difficulty in petroleum oil viscosity evaluation from spherical grain distributions can be reduced very significantly by the simple relationship between oil viscosity, temperature and NMR/MRI parameters as presented in this study.
 RECOMMENDATIONS: A computer programme developed with a weighting parameter for NMR flow analysis of heavy oils has the potential to estimate viscosity measurements without having extra oil sample in the laboratory especially when the new Reynolds number derived in terms of NMR/MRI flow parameters is used. 







Based on the analytical solution of the Bloch NMR flow equation, we finally obtained the NMR/MRI transvers magnetization in terms of viscosity as shown in equation (1):

    (1)
where
 CN is a constant 
The constant γ = 42666666.67, K = 1.380658×10⁻²³
T = temperature
G = Gradient pulse
δ = pulse duration 
M0 = equilibrium magnetisation 
r0 = fixed radial distance 
t   = sampling tine
Λ = weighting parameter
 
Table 1. Relaxation times and viscosity of selected heavy oils for G = 0.18T/m,  t = 6s, pulse duration = 0.02s, Mo = 1000, ro = 0.003cm, CN = 10x104 - 10x104 , Icp 0.0001Nsm-2 , 1oc = 273K.  
	

	Drilling Fluid
	Temperature(k) 
	T1 (s) 
	T2(s) 
	Viscosity(cp) 

	Brine 
	303                         1.24
	 1.44                      2.6E-03 

	Shale oil 
	303 
	1.57 
	1.51     
	2.4E-03 

	Tetralin 
	303 
	1.47 
	1.41 
	1.9E-03 

	Decaline 
	303 
	1.13 
	1.16 
	2.2E-02 
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Figure 1:  3D plots of viscosity dependent  transverse  magnetisation My against (a) pulse duration (b) Gradient pulse   (c) Sample time  for Brine.
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 Figure 2: A density plot of viscosity dependant transverse magnetization against (a) pulse duration (b) Gradient pulse (c) Time for Brine sample.


[image: C:\Users\Admin\3DS my  v pul.png](a)[image: C:\Users\Admin\3DS my vis temp.png](b)[image: C:\Users\Admin\3DS my vis time.png](c)                                                                            Figure 3:  3D plots of viscosity dependent  transverse  magnetisation My against (a) pulse duration (b) Gradient pulse  (c) Time for shale oil,
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  Figure 4: A density plot of viscosity dependent transverse magnetization against (a) Temperature (b) pulse duration (c) Time (d) Gradient magnitude for shale oil.
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 Figure 5:  3D plots of viscosity dependent  transverse  magnetisation My against (a) pulse duration (b)  Gradient pulse (c) Time for tetraline
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 Figure 6: A density plot of viscosity dependent transverse magnetization against (a) Gradient magnitude (b) pulse duration (c) Time for Tetraline.     
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Figure 7: 3D plots of viscosity dependent  transverse  magnetisation My against (a) pulse duration (b)  Gradient pulse (c) Time for decaline
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Figure 8: Density plot of magnetization My against (a) pulse duration (b) Time (c) Gradient magnitude for Decaline . 
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