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Abstract - In this study, a model was developed for estimating deliverability considering the
pressure dependent permeability and predicting production profile with Material Balance
Equation(MBE) for Coalbed Methane(CBM) fields.

The estimated deliverability was compared with the conventional deliverability based on CBM
well testing data with coefficient of determination(#%). As a result, the former was 0.76 and the latter
was 0.69. It was confirmed that the deliverability which consider the pressure dependent perme-
ability is more adoptable when representing the productivity of CBM fields. Through this process,
in order to calculate pressure dependent permeability when well testing data exist, a method to infer
reservoir pressure within the radius of investigation was proposed.

The production profile of 31 gas wells was predicted for 15 years, using the estimated deliver-
ability and the MBE. After that, the results was compared with simulation results of the literature.
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The simulation results did not account the pressure dependent permeability and the developed
model results considered that. As the applied field permeability rised 1.17 times, field production
rate was increased approximately 15% than the literature results. According to other researches, the
permeability of CBM fields can be rise 6 ~ 25 times. For these cases, the production profiles may have
significant difference with conventional gas fields.

Key words : coalbed methane(CBM), pressure dependent permeability, P&M(Palmer and Man-
soori) model, S&D(Shi and Durucan) model, well deliverability, flowing material

balance(FMB)
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Ak HE7tA 7 o) AAEA S (production pro-
file)o AE7}AA0] IAT} Ao]ath(Fig. 1.2). 4]
g3 g rts o) AAEE A 37 dA R

Coal matrix

Face

_ Desorption from
internal coal surfaces

cleat

Diffusion through
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Fluid flow into natural
fracture network

Fig. 1.1. Coal matrix system and desorption process [3].
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Fig. 1.2. Generalized production profiles for CBM and conventional gas well [4].
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ed methods at various reservoir tempera-
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Cri 15 X107* psia !
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Table 3.2 Reservoir and fluid properties of Deer-
lick Creek field [2]
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0
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Table 3.4 Reservoir and rock mechanic proper-
ties of Brookwood field [2]

Property Value
D; 421 psia
k, 12.5 md
oy 001
b 0.0016 psia !
E 559 < 10° psia
€ 0.0128
v 0.245
Vi 05
v 0
« 15x107° psia "
o,V 001266 ft*/ton
Cri 15 X107 psia !

Table 3.5 Reservoir and fluid properties of Brook-
wood field [2]

Property Value
Area 100 acres
Di 421 psia
k, 12.5 md
h 5 ft
Ty 0.25 ft
S -3
T 540 "R
P 0.0128 cp
> 0.88
D 0

Mscf/d=2 P&M o] A AAitgro] S&D =dl
Hr}l 2 glo] =&¥ thFig. 3.5). o]t 27] ARZE
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k/ki

0.95

250 300 350 400
Pressure, psi

Fig. 3.4. Brookwood field pressure dependent per-
meability with P&M and S&D model.

conventional

400 | - P&M
)

Pwf, psi

0 50 100 150 200 250 300 350
Gas rate, Mscf/day

Fig. 3.5. Deliverability of Brookwood field with
conventional method, P&M and S&D
model.
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Table 3.6 Coal and well properties for MBE of
Brookwood field [2]

Property Value
A 100 acres
h 5 ft
oy 001
Vi 1278.8 scffton
b 0.0016 psia '
Pp 1.3 gfcc
p; 305 psia
Pyy 25 psia

6000

simulation(Seidle, 1993)
m(p)(Seidle, 1993)

p?

5000 [

) IN
=3 o
<] <]
o =]

Gas production rate, Mscf/d
3
o
o

1000 |-

0
0 1000 2000 3000 4000

Time, day

5000 6000 7000 8000

Fig. 3.6. Predicted production profiles for model
validation.
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Time, day

5000 6000 7000 8000

Fig. 3.7. Predicted production profiles of Brook-
wood field.
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: drainage area [acres]

: initial gas formation volume factor [ 3/
scf]

: gas formation volume factor at average

reservoir pressure [ F3/scf]

: water formation volume factor at aver-
age reservoir pressure [Rb/stb]

: cleat-volume compressibility [psia 1

: average cleat-volume compressibility
[psia ']

: cleat-volume compressibility at initial
reservoir pressure [psia 1

: non-Darcy flow constant [day/Mscf]

: Young’'s modulus [psia]

: a fraction 0 — 1

: cumulative gas production [MMscf]

: net pay thickness [ft]

: permeability [md]

: coalbed effective permeability to gas [md]

: permeability at initial reservoir pressure
[md]

: bulk modulus [psia]

: constrained axial modulus [psia]
: reservoir pressure [psia]

: average reservoir pressure [psia]
: critical sorption pressure [psia]

: external boundary pressure [psia]

: initial reservoir pressure, [psia]
reservoir pressure within the radius of
investigation [psia]

: rebound pressure [psia]

: recovery pressure [psia]

: bottomhole pressure [psia]

: gas production rate [Mscf/day]

: radius of investigation [ft]

: radius of wellbore [ft]

: skin factor
: initial water saturation

: reservoir temperature [ ° R]
: Langmuir volume [scf/ton]

: monolayer saturation volume [scf/ton]



Heg dertadold e o RHES ned A% «

: cumulative water influx [stb]
: cumulative water production [stb]

: gas compressibility factor

Y S E

: average gas compressibility factor
2|4 X}

a : cleat volume compressibility-decline rate
[psia ']

: proportional factor

a, : volumetric matrix-shrinkage coefficient

[f£/scf]

4 : grain compressibility [psia ~']

&, b: parameters of Langmuir curve match to
volumetric strain change because of ma-
trix shrinkage [¢, = dimensionless, b =
psia ']

[ @ gas viscosity [cp]

i : average gas viscosity [cp]

v : Poisson’s ratio

pp : bulk coal density [g/cc]

o effective horizontal stress [psia]

o, : in-situ effective horizontal stress [psia]

¢ : natural fracture porosity
¢; : porosity at initial reservoir pressure

¢; : cleat porosity
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