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Darcy’s Law
q_  kdp

« For a horizontal linear system V==

A pdx

* For a horizontal-radial system, the pressure gradient is positive:

_ 9 _k(9dp
V_Ar_p or /).

A; =2xnrh

Darcy’s Law applies only when the following conditions exist:

« Laminar (viscous) flow

» Steady-state flow

« Homogeneous formation
* No fluid-rock reaction



Steady-State Flow

Horizontal Linear Flow of Incompressible Fluids
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q uL q = flow rate, bbl/day
k = absolute permeability, md
~ 0.001127kA(p; —p») p = pressure, psia
9= uL B = viscosity, cp
L = distance, ft
A = cross-sectional area, ft




Example 1

An incompressible fluid flows in a linear porous media with the following
properties:

L =2000 ft h =20 width = 300
k=100md ¢=15% n=2cp
p; = 2000 psi P, = 1990 psi

Calculate:

Flow rate in bbl/day
Apparent fluid velocity in ft/day
c. Actual fluid velocity in ft/day

P &



Solution

Calculate the cross-sectional area A:
A = (h)(width) = (20)(300) = 6000 ft*

a. Calculate the flow rate

~ 0.001127kA(p; —p,)

— "

(0.001127)(100)(6000) (2000 — 1990)
(2)(2000)

q

q= — 1.6905 bbl /day

b. Calculate the apparent velocity:
q (1.6905)(5.615)

== =0.00161t/d
A 6000 Jday
c. Calculate the actual fluid velocity:
1.6905)(5.615
_a_l JO615) _ ) 0105 £t /day

~dA  (0.15)(6000)



Inclined Flow of Incompressible Fluids

~ 0.001127KA(®; — ®,)
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Expressing the fluid density in gm/cc in the equation gives:

O =p;—0433yAz  [Noteiigm/cms=6241b/fs ]

®; = fluid potential at point i, psi

p; = pressure at point 1, psi

Az; = vertical distance from point i to the selected datum level
p = fluid density, Ib/ft’

y = fluid density, gm/cm®

P1

P2




Example 2

Assume that the porous media with the properties as given in the previous example

is tilted with a dip angle of 5° as shown in Figure . The incompressible fluid has

a density of 42 Ib/ft’. Resolve Example 1 using this additional information.

/ p,=1990

2000

p;=2000

....................................................




Solution

Let the datum level at half the vertical distance
between the two points, i.e., at 87.15 feet.

i)
@ =p, — (ﬁ) Az; = 2000 — (m) (87.15) = 1974.58 psi

®, = +(p)A 1990+ (22)(87.15) = 2015.42 psi
2=t \14q) 02 = 7Y

Since ®2 > @1, the fluid flows downward from Point 2 to Point 1.

~ 0.001127kA(®D, — D)
— mn

q —6.9bbl/day

(6.9)(5.615)
6000

(6.9)(5.615)

(0.15)(6000)

Apparent velocity = = 0.0065 ft/day

=0.043 ft/day

Actual velocity =

pp=1990

2000

p1=2000

....................................................




Linear Flow of Compressible Fluids (Gases)

\%
The number of gas moles n at pressure p, temperature T, and volume V:  n :%
z
nzs R T
At standard conditions, the volume occupied by the above n moles is given by: ~ Vsc = p—
SC
\Y \%
Combining the above two expressions and assuming Zsc= 1 gives: pT = psfr >
z SC

5.615pq  py Qg

Equivalently, the above relation can be expressed in terms of the flow rate as: T T
z SC

: Pse \ (2T [ Qs
Rearranging: T F 5615 =q
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* Replacing the gas flow rate q with that of Darcy’s Law, i.e., the equation gives:

q (P (2T [ Qe \ (1) k dp
A= () (7) (5e) () =-ooonzr i3

* The constant 0.001127 is to convert from Darcy’s units to field units. Separating variables and arranging yields:

p2
Qsc Psc T p
dx=— |24
[O.OO63281<TSCA]J X J Zpg
0 pl

* Assuming constant z and pgover the specified pressures, i.e., p1and p2, and integrating gives:

2 2
. 0.003164 Tsc Ak (P1 - pz) Q. = gas flow rate at standard conditions, scf/day
- k = permeability, md
T = temperature, °R

B 0.111924 Ak (p% _ p%) Hg = gas viscosity, cp

SC

Ps. TLZp,

A = cross-sectional area, ft*
sC TLz ug L = total length of the linear system, ft

52\/@ Read Example 6-4,page 348, Reservoir Engineering Handbook




Radial Flow of Incompressible Fluids

k d
9__9 _go011272 22 -

A, 2xrh w dr Gonter

of the well
|

VvV =

v = apparent fluid velocity, bbl/day-ft*

q = flow rate at radius r, bbl/day

k = permeability, md

[ = viscosity, cp

0.001127 = conversion factor to express the equation in field units
A, = cross-sectional area at radius r

VS

B kd fo N
B _ ) 01127 K9P g
2nrh H, dr
1) P2
) ) ) ) Q, [dr 0.001127k
For incompressible fluid Qo is constant, thus: 27;;1 T B, dp Q. = oil, flow rate, STB/day
' . ' . ry P pe = external pressure, psi
Performing the integration, gives: Pwf = bottom-hole flowing pressure, psi
k = permeability, md
— 0.00708 kh (p, — py,) o = oil viscosity, cp
= 0.00708 k h (Pz pl) or Q, = B. 1 (( e/ ) T e » B, = oil formation volume factor, bbl/STB
Ho B, In (I‘g/l‘]) Ho Do IMIle/Tw h = thickness, ft
r. = external or drainage radius, ft
r, = wellbore radius, ft




Example

An oil well in the Nameless Field is producing at a stabilized rate of 600 STB/day at a stabilized bottom-hole
flowing pressure of 1800 psi. The reservoir permeability is 120 md and the reservoir thickness is 25 ft. The well
drains an area of approximately 40 acres. The following additional data is available: rw =0.25 ft, Bo = 1.25
bbl/STB, po =2.5 cp. Calculate the pressure at the outer boundary of the well drainage area.

Solution

b= [B000A 548 734
T

_0.00708 kh (p, —py,)
° u, By In(re/ry,)

QO BO l-’l'() re
P=Pwtt [O 00708 kh In )= 2506.15 psi
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