PartI. Write your answer in the space provided. Use equations and sketches in addition to
words (as needed).

1. a. Give a qualitative definition of adhesi;gc”'tension.
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b. Give a quantitative definition of adhesifié tension (A1) in an oil-water system. Define
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c. List two factors affecting adhesi$€ tension.
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2. a. Explain and give an example of an “imbibition process”.
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b. Explain and give an example of a “drainage process”.
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c. Explain the term, “hysteresis” in capillary pressure.
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3. a. Explain the porous pﬁefrfe/:t{/o\d for determining capil?r pressure in the laboratory.
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c. Show that the dimension of the equation (see Problem 5 below) used to calculate
capillary pressure from centrifuge data is [FL?].
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4. a. Give a qualitative definition of capillary pressure at a point in a reservoir.
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b. Uivea quanti%ve definition of capillary pressure (p.) at a point in a reservoir. Define
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c. List'four factors affecting the capillary pressure saturation relationship. ’
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Part II. Work out the answer in the space provided. Show details of your work and clearly
identify your answer. Grading will be on the basis of approach and answers.

5. The equation shown below is used to calculate capillary pressure from centrifuge data.
p, = 4n*N*Ap(r, —L/2)L

Determine the constant, and its units to calculate p. in psi, when N is revolutions per minute, the
density, p, is in lbm/ft3 , and the lengths, r. and L, are in inches.
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6. Consider the balance of forces at the interface between oil and water in a small capillary
tube of radius, r, inserted vertically across the oil-water contact in a container. Derive the
equation for the height of water rise, h, in the tube. Include a sketch for this case where water, _

the denser phase, is the wetting phase.
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7. Horizontal, isothermal, linear flow of a gas at moderate pressure, is given by the pressure-
squared form of Darcy’s Law (for Darcy units),

T, kA p2
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If flow is measured at T = Ts and a relatively low pressure, so that z = 1, then plotting
qsc psc p p2
A

versus ———= as shown below allows permeability of the porous media to be

determined from the slope of the graph, if viscosity is known.

Graph to Determine Permeability from Slope
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- Determine the permeability of the porous media from the above graph if the gas is has a viscosity
0f 0.011 ¢p, Ts. = 60 °F, and py. = 14.73 psia.
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8. Determine pq and
A from the graph of p; Pc vs Sw*

vs Sy* shown at right.
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9. The laboratory capillary pressure curves
shown at right were measured using air/
water displacement tests (interfacial tension
of 72 dynes/cm and contact angle of zero
degrees) for a core plug having porosity of
0.22 and permeability of 135 md.

Estimate the initial water saturation at a
point 10 feet above the Free Water Level in
the reservoir, for the reservoir data shown
below. Assume the reservoir is water wet.

porosity 0.17
permeability 110 md
interfacial tension 30 dynes/cm
contact angle 8 degrees
oil density 53.0 lbp/ft}
water density 63.0 1by/ft?
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Laboratory Capillary Pressure Curves
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10. Consider a layered rock formation.
Assume the permeability of the three
blocks shown at right is representative of

permeability of the formation. Each

block is 1.75 ft wide, 1.0 ft deep, and
1.25 ft high—measurements in the x,y,z
directions, respectively. Block 2 has a
0.001 inch vertical fracture normal to the
x-y and x-z planes.

The directional permeability of the rock
matrix in the blocks is shown in the table
below.

Layer ky(md) k,(md) k,(md)
1 25.5 25.5 12.2
2 13.4 13.4 6.7
3 26.5 26.5 13.3

Determine the average horizontal
permeability normal to the x-z plane (ky)
and the average vertical permeability

(ky).
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