Physics of the Oil and Gas Production
SOLUTION

1.1 Let’s cut a cube from the pile of balls, as shown in figure on the right. Using definition
- (2r)
[p =0.476 or 47.6%

1.2 If fluid is incompressible, fluid velocity along the tube is constant. It varies in the radial

of porosity: =1-Z

(o))

direction only, what is due to viscous forces. Let’s consider a part of the fluid with a cylindrical shape,
with radius y, which is coaxial to the cylinder with radius ry. Using definition of the internal friction,
force balance could be written in the following way:

d
(P = p2) - my? = —2myLop (1.2.1)
After rearranging variables
(p1 — p2) Jy JV
ydy =—| dv
2ulLg To 0

which results in velocity distribution:

v(y) = BE (1 — y?) (1.2.2)

1.3 Total fluid volume, flowing through the tube in a unit of time:
(p1—p2)TTy

Y (p1—p)T 7
q = J;" v+ 2mydy = TR [0y — y¥)dy = HUHS (13.1)
Comparing with Poiseuille equation
2
ko =" (1.3.2)

1.4 For estimations one can assume that porous medium could be modeled as tubes with the radiuses
equal to the size of balls:

I ~ %(1 _ %)2 (1.4.1)

lk ~ 3101 m?|

1.5 From law of conservation of mass and the condition that fluid is incompressible can be concluded

that flow rate is constant everywhere:
klAPi _Pb =EAPb_Pout

WL Il L,
ﬂPin‘l'k_zpout
Po =ty (1.5.1)
Ly Lp
1.6 Using Eq. (1.5.1)
kq ko
=keff Pin_Poutzéﬁ . _L_lpin+L_2Pout
H L]_ + LZ H Ll in ﬁ + ﬁ
Ly L,
_ kit

Kerf = eatarisly (1.6.1)
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Velocity at the reservoir is very small, however it depends on the definition of the fluid velocity in the

Vres

reservoir. Actually fluid particles moves a few orders of magnitude faster than Darcy’s velocity =

2.2 For incompressible fluid

q= Konrh® = const (2.2.1)
u dr
Rearranging variables
p
qu dr
dP =
f 2mkh
Py Tw
_ qu T
P—P, =" (Tw) (2.2.2)
Finally
_ qu R
Py = Py = =2 In (Tw) (2.2.3)
23
g = constant
Pressure[
T
! == R
_ AVswia _ d(@Vres) _ 1 dVyes 2 dp
3.1 9=~ T a PVres (Vres dp ) dc —29L hcr
|a = —Z(pLthrl (3.1.1)
3.2 Applying Darcy’s law:
_ E Pp—Py, __ _ 2 E
q= Z#Lh—L = —2¢@L*hc, " (3.2.1)
Average pressure can be estimated as:
p o~ (3.2.2)
Considering that P, is constant:
dp ~ > dP, (3.2.3)
Solving Eq.(3.2.3) and (3.2.1)
Pp(t) t
f ap, __ 2k f e
P, — R, ﬂchrgo
Pp(0) 0
n <Pb(t) P, ) 2k ,
P,(t)—PR,)  ulcyg

Using definition of the flow rate from Eq. (3.2.1)

<Q(t)) - ,uchrgo

q(t) = qoex p( ) (3.2.4)
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T
Vproduced = fo q(t)dt (3.3.1)
Using Eq. (3.2.4)
uL2cro uLcro 2k
Vproduced == 2k qoeXp (_ UL2c @ t) |£ = qu [1 — exp (_ UL, T)] (3.3.2)
From the problem statement, volume of oil produced is a half of the initial reserves:
1 1
Vproduced = EVres(p = 2 (ZLZh)(P (3.3.3)
Thus
L%c, 1
T =" <1_ T ) (3.3.4)
HCrdo

Equation (3.3.4) gives rather bad results for real data, because the fluid flow model was very rough,
nevertheless order of the magnitude usually is very close to the results from numerical simulations.

3.4 Equation for the flow rate q(t) derived in the part 3.2 is an exponential decline. Similar

equation could be obtained for the circuit with a capacitor and a resistor. There a flow rate is
analogous to the charge at the capacitor plate and term with compressibility is analogous to

|
I 1
e

the resistor.
3.5 Ideal gas law:
v=20 (3.5.1)
Differentiating Eq. (3.5.1)
dv 1

(E)T = ——ORT (3.5.2)

Using definition of the compressibility and Eq. (3.5.2) results in
1 (av 1
o =3(w), =3 3.23)

As it is seen with higher pressure gas behaves more like a fluid, with negligible compressibility. However
during production, when pressure drops significantly, gas production deviates from exponential decline.

i . . L. d .
4.1 At first let’s find the constant for pressure decline. The condition % = const allows to write the

following:
_ Vauia _ 1 dVepia\ dpm _ —Poc dpm
1= "4 rwid\y_ 0 dpy ) dt Perar
Or
drﬁ = — 3q = const (4.1.1)
dat asgc,
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Fracturs

Material balance equation for the thin layer, shown in figure above:
v(x0)Ax) —v(x + dx)A(x + dx) = % (4.1.2)
A —stands for area; V —is volume of the analyzed thin layer with thickness dx. Using definition of
compressibility, Eq. (4.1.2) can be simplified as
d(vA) = [6 - (2x)%dx] - crgo% (4.1.3)
Using Eq. (4.1.1) and Darcy’s law, Eq. (4.1.3) can be rewritten as

d(iare @0?) = -6 @0rdx] -5 41.)

d
fd(xzﬁ) =249 x%dx

dx ka3
dp uqx’
2 m
Xt—=—=-=—=—+40C
dx ka3 3 1
where C; is some constant
APm _ _KAX_ G
dx ~ ka33  «x2 (4.1.5)
Eq. (4.1.5) will have meaning for the center of the cube (x = 0) only if C; = 0, otherwise pressure
gradient d;;", which corresponds to the velocity in the center of the cube, will be infinite, what is
meaningless from the point of physics. Thus,
aPm _ _* 4
e e (4.1.6)
Integrating one more time
Pm(x) x
uq
dp, = ———= | xdx
f Pm 3k a3 J
pf a/2
- ra(e_ 2
Pm(X) = pp + ( X ) (4.1.7)

4.2 Calculate average pressure in the matrix with using Eq.(4.1.7)

Y pm)6(22)%dx ug
m = =2 e =prt+ coka (4.2.1)
Definition of the shape factor:
qu
=— 4.2.2
? ka®(Pm—py) ( )
Substituting Eq. (4.2.1) into (4.2.2) results in
60
g = E (423)
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