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Abstract - Production data from hydraulically fractured well in coalbed methane (CBM) reservoirs was
analyzed using decl ine curve analysis (DCA), flow regime analysis, and flowing material balance to forecast
the production performance and to determine estimated ultimate recovery (EUR) and timing for applying the
DCA. To generate synthetic production data, reservoir models were built based on the CBM propertie of the
Appalachian Basin, USA. Production data analysis shows that the transient flow (TF) occurs for 6~16 years
and then the boundary dominated flow (BDF) was reached. In the TF period, it is impossible to forecast the
production performance due to the significant errors between predicted data and synthetic data. The prediction
can be conducted using the production data of more than a year after reached BDF with EUR error of
approximately 5%.
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Table 2. Reservoir properties of CBM model [8]

Parameter Values
Coal depth 2200 ft
Coal density 89.63 Ib/ft’
Coal compressibility 0.000001 1/psi
Initial reservoir pressure 880 psi
Reservoir temperature 113 °F
Pressure gradient 0.4 psi/ft
Langmuir volume 900 scf/ton
Langmuir pressure 676 psi
Initial gas content 500 scf/ton
Matrix permeability 0.001 md
Matrix porosity 0.0004
Cleat spacing 02 ft
Cleat permeability 2 md
Cleat porosity 0.0017
Fracture width 0.02 ft
Horizontal well length 2,500 ft

Fracture half length

300/ 600/ 916(base) ft

Number of fractures

3/ 4/ 5(base)

Production period

30 year

OGIP

4.59 Bscf

#—48—8 Gas relative pemeability
B— 8 'aterrelative permeability

Relative permeability

0z

reservoir model.

Sk 7k~ 83 2] 420

04 0.6
Normalized water saturation (S_7)

08 1

Relative permeability curve used for CBM
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Fig. 2. Base model of CBM reservoir with hydrau-
lically fractured horizontal production well.
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Fig. 3. Hydraulically fractured horizontal produc-
tion well production data.
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Table 3. The result of production profile for hydraulically fractured horizontal production well

Parameter tpeak(Month) Gpeak(Mscf/d) Gpszo(Bscf)
Base (916 ft/ 5) 12 2,760 2.67
300 ft 3 1,968 1.72
Fracture half length
600 ft 7 2,410 2.17
Number of 3 6 1,699 2.11
fractures 4 9 2,411 2.39
Data Pre- Decline Flow regime Decline
acquisition processing curve analysis curve
analysis analysis
=Time vs. q = Filtering = Decline rate (D) » Derivative analysis
=Time vs. p * Smoothing * Decline exponent (b) *FMB methed
* Identifying peak
production Production
forecasting,
EUR
Fig. 4. Workflow for performing a series of production data analyses.
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Fig. 5. Production performance analysis for hydraulically fractured horizontal production well: (a) fracture
half length 300 ft (b) facture half length 600 ft (c) fracture half length 916 ft.
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Table 4. The range of decline exponent for hydraulically fractured horizontal production well

Parameter Decline exponent
Base (916 ft/ 5) 0.84~1.61
300 ft 1.17~2.75
Fracture half length
600 ft 0.97~2.04
3 0.97~1.94
Number of fractures
4 0.90~1.83
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Fig. 6. Production performance analysis for hydraulically fractured horizontal production well: (a) 3 fractures
(b) 4 fractures.
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Table 5. The result of production data analysis considering the production period

Production period after TF Production period
Parameter P:f’n‘i‘el(c;r‘)’n 10yr 15yr 30yr
AAPE EURerror AAPE EURerror AAPE EURerror
BDF 1 058 0.94 135 1.49 2.8 25
BDF 2 032 048 0.84 0.85 19 15
(91]63a;§ 5 BDF 3 027 036 0.70 0.69 16 13
BDF 4 028 038 0.68 0.06 15 05
BDF 5 0.16 072 043 049 1.0 0.1
BDF 1 72 42,09 10.0 407
BDF 2 4.6 30.69 6.5 29.6
Fracmrgogalfft length | ppg 3 47 37.66 Transient period: 16yr 6.8 36.5
BDF 4 35 33.92 53 2.8
BDF 5 22 26.16 35 253
BDF 1 0.13 0.05 0.19 0.03 02 00
BDF 2 0.82 113 1.65 046 2.4 02
Fracmzogalfft length | ppp 3 036 1.46 0.65 125 038 11
BDF 4 021 1.83 027 1.80 03 19
BDF 5 0.05 2.14 0.17 231 05 26
BDF 1 129 2.03 201 2.66 2.7 32
BDF 2 0.40 0.84 122 0.18 22 0.6
3 fractures BDF 3 0.44 0.87 1.28 0.19 23 0.6
BDF 4 039 127 L15 0.65 20 0.1
BDF 5 035 1.85 102 129 18 0.6
BDF 1 0.14 1.66 043 156 10 1.7
BDF 2 048 0.83 L15 136 2.1 2.1
4 fractures BDF 3 039 031 095 0.15 18 038
BDF 4 023 0.02 0.61 028 12 0.7
BDF 5 0.16 025 045 0.01 09 03
o = A2 A - ol A R 8FE 2 A 3d ol A Ho) 249 55 3t 3lo] T asith wEha] Boh k] A
_E_ ot
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: Decline exponent
: Total compressibility [psi™]

: Total compressibility under average

pressure of formation water [psi”]

: Decline rate [%/day]
: Initial decline rate [%/day]

: Estimated ultimate reserves obtained

. . . 3
from reservoir simulation [ft’]

: Predicted estimated ultimate reserves

[£t]

: Gas initial in-place [ft’]

: Cumulative gas production [ft’]

: Thickness [ft]

: Gas relative permeability [fraction]

: Pseudo pressure dependent on relative

permeability [psi’/cp]

: Pseudo pressure under initial forma-

tion water pressure [psi’/cp]

: Pseudo pressure under flow pressure

[psi/cp]

: Number of production data

: Pressure [psi]

: Production rate at time t [Mscf/day]

: Production rate obtained from reser-

voir simulation [Mscf/day]

: Initial production rate [Mscf/day]
: Predicted production rate [Mscf/day)
: Peak production rate [Mscf/day]

: Temperature [°F]
: Time at the peak production rate

[months]

: Material balance pseudo time [days]

: External reservoir radius [ft]

: Apparent wellbore radius [ft]

: Irreducible water saturation [fraction]
: Water saturation [fraction]

: Normalized water saturation [fraction]
: Gas compressibility [fraction]
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Hy: gas viscosity [cp]
u_g: Gas viscosity under average pressure of for-
mation water [cp]
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