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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

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)
o Adsorbate material (natural gas).
o Pressure
o Temperature
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Adsorption

* Langmuir Isotherm

V;, X
p — pressure [psi]
VL - Langmuir volume [scf/1]
P.— Langmuir pressure [psi]
V — adsorbed gas volume [scf]
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Adsorption

« Langmuir Isotherm
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Solution in connate water saturation

« Depends on:
o Pressure [psi]
o Temperature [°F]
o Salinity [grammys/liter]

C.W. Charles and L. C. Price, 1982

log, Vs = —1,4053 — 0,002332+ T + 6,3+ 10°  T* — 0,004038 + § —
7,579 %107« P +0,5013 *log, P + 3,235« 10~* *« T = log, P

V. - dissolved gas volume [scf/bbl]
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Material Balance Equation

Closed reservoir without water influx

Cummulative gas production [m3] =

XpH &

Gas expansion [m3] +
Rock and water expansion [m>] +

Desorption [m3] +

# Gas Expansion + Rock &
Water expansion +
Desorption + Dissolution

W Gas expashion + Rock &
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Gas production rate [sm3/day]

Vaporization [m3|
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Material Balance Equation

Cummulative gas production [m3] = G, * B,
, By
Gas expansion [m3] = G * (Bg - Bgl-) =AxhxP;x(1-S5,,) * .- 1
gt

Swi*cw+cf B
1_Swi *(pi_p)_

Rock and water expansion [m?| = Grx By *

:A*h*(pci*Bgi*(swi*cw+cf)*(pi_p)

. 3 1
Desorption [m ] = G, * o * By *
i

ci

Vi Xp, Vpxp Vi Xp, VpXp
— :A*h*pbi*BQ* —
Po+p, Pp+p Po+p, P,+p

1
Vaporization[m3] = Gs* By * v ¥ (AVg) = Axh*x xS, By« AV

St
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Material Balance Equation

B11 B13 B4 V,xp B5
(p) =—+ P14 -3 xp + ——x +—x
/ p p p Poxp p

[[36 _ pB7—B8x(p+C1)+[9+In(p+C1)+B10+ ln(p*Cl)] _ p15
p

I (0]
n n—1 fr(p)

b Newton’s method - ITERATION
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PULSE

earth energy engineering

Material Balance Equation

BUT!

There are parametersin the
equation which also depends |
on the pressure:

« Deviationfactor-~Z
« Gas viscosity - ug /R

« Apparent permeability
(different flow models) - ka

dependent
parameters
(Kapp. Z, Gg}

MNew starting
waleu is Py,
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Gas flow models
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Gas flow models
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Gas flow models
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Deviation from

Results Darcy’s model
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Results

 Open-hole production
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Deviation from

Results Darcy’s model
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Results Deviation from

Darcy’s model
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Adaptability of the model
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Adaptability of the model
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