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Oblig 1 + 3

a)

q = −k A
µ

[
dp

dx
+

1

G
ρg

dz

dx

]
, (1)

where A is the cross section, k is the permeability, dp the pressure drop, q is the volumetric
flow rate, µ the viscosity and dx is the length. g = 980 cm2/s, ρ is the density of the fluid,
z is the vertical distance from the datum plane. The units are: cm (length), s (time), cP
(viscosity), Darcy (permeability), atm (pressure), gram/cm3 (density), and G = 1.0133·106.

b)

q
159000

86400
= − (30.48)2A 10−3k

µ

(14.696)−1dp

(30.48)dx

q = − 0.001127
Ak

µ

dp

dx
(2)

1D =
1cm3/s 1cp

1cm2 1atm/cm
=

cm2 cp
s atm

=
10−12

1.01325
m2 = 0.987µm2. (3)

c) 1. From q ·ρ=constant and the ideal gas law p V=constant, we get q p = constant = qb pb,
(where the subscript b indicates a reference state, it could be the inlet or the outlet).
Darcy’s law: q = −k A/µ (d p/d x). qb og pb henviser til en valgt referansetilstand.
Integrating this equation, we get the result given in the problem.

2. The total volumetric flow rate has to be equal to the sum of the volumetric flow rate
in each layer:

q = q1 + q2 + q3

k (h1 + h2 + h3)B

µg

(p21 − p22)

pb L

=
k1 h1B

µg

(p21 − p22)

pb L
+
k2 h2B

µg

(p21 − p22)

pb L
+
k3 h3B

µg

(p21 − p22)

pb L
,

k =
1

h
( k1 h1 + k2 h2 + k3 h3) . (4)

d) Effective permeability is k = (200 · 5 + 1000 · 10 + 200 · 15)mD/30=466.67mD, and the
conversion factor:

qb
(30.48)3

24 · 60 · 60
=

k A(30.48)2

µg

1

2 pb(0.068046)L(30.48)

(
p21 − p22

)
(0.068046)2 ,

qb = 3.16414
k A

µg

1

pb L

(
p21 − p22

)
, (5)

Using the numbers given in the text we find: qb = 7.5945 · 106 ft3/day.

e) 1. q2/q1 = k2A2/(k1A1), q3/q1 = k3A3/(k1A1). The ratio is the same for gas flow.
2. Turbulence: Darcy law is only valid for laminar flow and that momentum (inertial

forces) can be neglected (low Reynolds number). At high Reynold numbers turbulence
may occour, and the turbulent flow give rise to additional loss of energy and pressure
drop not accounted for in Darcy’s law.

3. Slip at the pore wall: At low pressure the mean free-path of the gas molecules may
be of the same size as the pore size. This leads to a non zero fluid velocity at the
pore wall, which is assumed in Darcy law. Fluid speed will therefore be higher than
expected from Darcy law, and can be corrected by introducing a Klinkenberg term.

f) At the free water level (FWL) the oil pressure is equal to the water pressure po = pw = p′,
hence pc = 0. However, the oil oil needs to exceed an entry pressure to displace water
from the pores due to surface forces, therefore the oil-water contact is located above (for
a water-wet system) than the FWL. Above the FWL the capillary pressure is given by:
pc(Sw) = (ρw − ρo)gh.
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i) From the given formulas: (Note that Rp = Rs)

N =
NpBo

Eo + Ec
(6)

Using the data given, we find:

Ec = Boi
cwSw + cp

1− Sw
∆p = Boi

8.6 · 10−6Sw + 3.3 · 10−6

1− 0.43
(7150− 4500)

= 0.032595 (7)
Eo = Bo −Boi = 1.850− 1.743 = 0.107 (8)

N =
1.85043.473 MMSTB

0.107 + 0.0326
= 576 MMSTB (9)

j) First we need to find the volume of oil at reservoir conditions: V R
o =576·1.7413MM bbl '

1003·106 bbl. The total pore volume of fluid is then : Vp = Vo/So = Vo/(1−Sw) = 1760 ·106

bbl= 280·106m3. The average height is then 280/20' 14 m.
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