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The purpose of this report is to investigate the applicability of the Layered 
Stabilized Flow Model (LSFM). Proposed by El-Banbi and Wattenbarger in 1996, the 
approach combines the material balance equation and the productivity index equation to 
estimate the original gas in place (OGIP) of the individual layers comprising a commingled 
gas reservoir. The LSFM basically calculates a “model production rate” for each layer and 
sums up these layer rates to calculate the “total model production rate” for the commingled 
reservoir. This total model production rate is then compared to an actual production rate 
data and the difference between the two is minimized through non-linear regression 
analysis.

The method is simple and requires only the flow rate and the flowing bottomhole 
pressure history together with the initial reservoir pressure and gas properties. The method 
shows excellent results for moderate to high permeability reservoirs even with long shut- 
ins and considerable variations in the flowing bottomhole pressures.

Five cases were analyzed using the technique. Comparison with other estimation 
methods was done to verify the performance of the model.
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N O M E N C LA TU R E

b Depletion decline exponent
c Gas performance coefficient
Cl Total compressibility, psi'1
E Objective function
E * Quadratic approximation of E  around 0°
f Model function
8 Gradient of the objective function (Jacobian)
G Original gas in place, bscf
Gp Cumulative production, bscf
G p ’ Cumulative production at the start of calibration period
h Formation thickness, ft
H Hessian matrix
Jg Real gas flow coefficient, scf/psi-d
k Permeability, mD
m Number of unknown parameters
M g Gas apparent molecular weight
m (p) Real gas pseudo-pressure, psia
เท (Pwj) Real gas pseudo-pressure at flowing bottomhole pressure, psia
ท Number of layers in a commingled reservoir
p Average reservoir pressure, psia
Ppc Pseudo-critical pressure, psia
Ppn Normalized pseudo-pressure, psia
Ppr Pseudo-reduced pressure, psia
Pwf Flowing bottomhole pressure, psia
<lg Layer flowrate, Mscfd
qr Total commingled flowrate, Mscfd
re Drainage radius, ft
Rq Gas production ratio



R Q Cumulative gas production ratio
r w Wellbore radius, ft
T Reservoir temperature, deg F
T p c Pseudo-critical temperature, deg F
T p r Pseudo-reduced temperature, deg F
t Time, days
t s Stabilized time, hr
X Independent variable
y Dependent variable
z Real gas deviation factor

GREEKS
p Positive constant in the Gauss-Marqu
8 Convergence criteria
Y Gas specific gravity
ft Viscosity, cp
ๆ Diffusivity constant, ft2/hr
p Gas density at reservoir pressure and
<t> Porosity, fraction
80 Vector of increments of model param
0 Model parameters

SUBSCRIPTS
i Initial condition

j Time index
k Layer index

SUPERSCRIPT
0 Initial guess for model parameters
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