PEGN 513-A: Reservoir Simulation I
October 13, 2009

#1: Flow velocities. (20 points)
(a) The velocity vector in 2-D is: 
[image: image1.wmf](,)

T

xy

vvv

=

r

. Assuming that x and y are not the principal permeability directions, write down the expressions for the Darcy velocity components,
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, in terms of the appropriate permeability tensor components. Indicate units for a set of consistent units, such as the field units of ft/day, md, cp, psi, etc.
(b) Suppose x and y are the principal permeability directions with permeability values equal to 100 md and 10 md, respectively. Write down the velocity vector component for this case with appropriate units.

(c) Define interstitial total velocity.

(d) Define frontal velocity for water displacing oil. 

(e) Could you define interstitial phase velocity for the water phase?

#2: Water displacing oil. (30 points)
(a) Write down the mass balance partial differential equation for water and oil assuming no interphase mass transfer.
(b) Assuming constant, but small, compressibilities for water and oil derive the two-phase pressure equation using the mass balance approach in Part (a).

(c) What is the expression for the total velocity vector for water-oil flow?

(d) Derive the 2-D analog of the Buckley-Leverett equation using the water-oil total velocity and the water phase mass balance equation.

(e) Derive the classical 1-D Buckley-Leverett equation from the 2-D equation above.

#3: Numerical solutions. (30 points)
(a) Define the viscous, gravity, capillary and compressive components of the flow in the 2-D equation of Problem #2.
(b) Set up an explicit finite-difference equation to solve the waterflood in 1-D. Show your formulation for a 5-node grid.
(c) Define the stability criterion for the explicit upstream-weighted formulation.

(d) Define the numerical dispersion for both the upstream-weighted explicit and implicit formulations. Give units for all variables.

(e) Define capillary dispersion. How would you estimate its magnitude and give units for all variables.

#4: Relative permeability and capillary pressure. (20 points)

(a) Plot schematics of capillary pressure and relative permeability curves used in waterflooding simulation or calculations.

(b) What is fraction flow in terms of viscous, gravity, and capillary forces?
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