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Investigation of gas flow models in case of 
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Reservoirs’s size ranges

(Source: Ph. H. Nelson, 2009)



Multiple mechanisms (C.R. Clarkson and B. 

Haghshenas, 2013):

1. Adsorption upon internal surface area 

2. Conventional (compressed gas) storage in natural and 
hydraulic (induced) fractures 

Ú
j k

u
ta

tá
si

 ir
á

n
yo

k 
a

 fö
ld

i e
n

e
rg

ia
fo

rr
á

so
k 

h
a

sz
n

o
sí

tá
sá

h
o

z 
sz

a
km

a
i t

u
d

o
m

á
n

yo
s 

ko
n

fe
re

n
c

ia

3. Conventional storage in matrix porosity (organic and 
inorganic) 

4. Solution in formation water 

5. Absorption (solution) in organic matter
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Adsorption

• Adsorption is the adhesion of atoms, ions, or molecules from 
a gas, liquid, or dissolved solid to a surface.

• Depends on:

o Adsorbent material (rock matrix - TOC)
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o Adsorbate material (natural gas).

o Pressure

o Temperature
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Adsorption
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• Langmuir Isotherm
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Adsorption
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Solution in connate water saturation

• Depends on:

o Pressure [psi]

o Temperature [°F]

o Salinity [gramms/liter]
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o Salinity [gramms/liter]

C. W. Charles and L. C. Price, 1982
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Material Balance Equation
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Material Balance Equation
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Material Balance Equation
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Newton’s method - ITERATION



Material Balance Equation
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Gas flow models

• Mean free path

Ú
j k

u
ta

tá
si

 ir
á

n
yo

k 
a

 fö
ld

i e
n

e
rg

ia
fo

rr
á

so
k 

h
a

sz
n

o
sí

tá
sá

h
o

z 
sz

a
km

a
i t

u
d

o
m

á
n

yo
s 

ko
n

fe
re

n
c

ia

• Knudsen number
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Gas flow models
• General behavior
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Gas flow models
• General behavior
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Results

• Open-hole production

• Radial flow
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Models Deviation from

Darcy’s model

[%]

L.J. Klinkenberg, 1941 0,43

F.O. Jones and W.W. Owen, 1979 0,51

K. Sampath and C.W. Keighin, 1981 0,03

J.G. Heid et al, 1950 0,65
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F. A. Florence et al, 2009 0,35

F. Civan, 2010 0,34

F. Javadpour, 2009 1,86

P. Azom and F. Javadpour, 2012 1,85

H. Darabi et al., 2012 (APF) 1,76

A. Sakhaee-Pour and S.L. Bryant, 2012 0,42

H. Singh et al., 2014 (NAP) 90,97



Results

• Open-hole production
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Pressure depletion and cumulative gas production during 10 years interval in case of L.J. Klinkenberg, 1941 model (Source: Own figure)



Results
• Vertical fracture (Xf = 100m)

• Near linear flow

• Generally 7,5 times higher
production rates than open-
hole
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Darcy’s model

[%]

L.J. Klinkenberg, 1941 0,43

F.O. Jones and W.W. Owen, 1979 0,51

K. Sampath and C.W. Keighin, 1981 0,03

J.G. Heid et al, 1950 0,65
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F. Javadpour, 2009 1,86

P. Azom and F. Javadpour, 2012 1,85

H. Darabi et al., 2012 (APF) 1,76
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Results

• Vertical fracturing

Ú
j k

u
ta

tá
si

 ir
á

n
yo

k 
a

 fö
ld

i e
n

e
rg

ia
fo

rr
á

so
k 

h
a

sz
n

o
sí

tá
sá

h
o

z 
sz

a
km

a
i t

u
d

o
m

á
n

yo
s 

ko
n

fe
re

n
c

ia

2017.01.10 -11. www.afki.hu

„Ú
j k

u
ta

tá
si

 ir
á

n
yo

k 
a

 fö
ld

i e
n

e
rg

ia
fo

rr
á

so
k 

h
a

sz
n

o
sí

tá
sá

h
o

z 
ka

p
c

so
ló

d
ó

a
n

” 
c

ím
ű

 s
za

km
a

i t
u

d
o

m
á

n
yo

s 
ko

n
fe

re
n

c
ia

Pressure drop and cumulative gas production in case of Civan model (Source: Own figure)



Results
• Multiple horizontal fracture (Xf

= 40m, 10 stages)

• Near linear flow

• Generally 30 times higher
production rates than open-
hole
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Models Deviation from

Darcy’s model

[%]

L.J. Klinkenberg, 1941 0,43

F.O. Jones and W.W. Owen, 1979 0,51

K. Sampath and C.W. Keighin, 1981 0,03

J.G. Heid et al, 1950 0,65
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F. A. Florence et al, 2009 0,35

F. Civan, 2010 0,34

F. Javadpour, 2009 1,86

P. Azom and F. Javadpour, 2012 1,86

H. Darabi et al., 2012 (APF) 1,76

A. Sakhaee-Pour and S.L. Bryant, 2012 0,42

H. Singh et al., 2014 (NAP) 90,97

(Source: Z. Rahim et al., 2012)



Results

• Horizontal fracturing
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Pressure drop and cumulative gas production in case of Heid et al, 1950 model (Source: Own figure)



Adaptability of the model
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Interpolating calculated data to real well data (Source of basic: K. Kiss, 2014; source of interpolated curves: Own figure)
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Interpolating calculated data to real well data (Source of basic: K. Kiss, 2014; source of interpolated curves: Own figure)
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