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Abstract The significant feature of coalbed in China is the low pernigabA new unsteady seepage flow model is
developed for the low permeability coalbed by considerhmgdtartup pressure gradient and methane desorption. effect
Since the complexity of the problem, a new method which wkitdl-FVM” is developed, based on comparing the
normal numerical calculation methods and comprehensisa@areh on FVM. The results show that L-FVM has the
same precission but higher calculating velocity than nbFvaM. This result is very important for monitoring the area
pressure drawdown in coalbed methane engineering.
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INTRODUCTION

The resource of coalbed methane is 36182 m® in China, and it takes the third place in the world [1]. But the
significant feature of coalbed in China is the low permegbdistinguished with the coalbed in the USA. Some tech-
nology used well abroad is not suitable in china. In low pexbility coalbed, fluid flow must overcome the startup
pressure gradient. A new unsteady seepage flow model isogegefor the low permeability coalbed by considering
the startup pressure gradient and methane desorption.eSawe the existents of the startup pressure gradient term
and the methane desorption effect term, it is too difficukdtve the problem by using analytical methods.

FVM is a numerical method which developed from the late 19&fdsr Godunov [2]. In 1980s [3], the research
and application of FVM take a long way since the developmémiesh technique, especially the unstructured mesh.
During this period [3], total variation diminishing (TVDkeeme and a serials effective methods were generated such
as Upwind-FVMGudunov-FVMRiemann-FVM and TVD-FVM etc, biey all worked on the calculation structure.
Here, based on comparing results of the normal numericalilzdlon methods and comprehension research on FVM,
a new FVM named L-FVM is developed by the Laplace space toamsftion.

MATHEMATICAL MODEL

By considering the low permeability feature and the desomgthenomena of the coalbed methane, a new mathematical
model is developed for the unsteady fluid flow in the low peroilig coalbed.

Governing equation of fluid flow in the coalbed
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Initialconditions : pp|, =0 3)
Outer boundary conditions:

Forinfiniteboundary : pp|xs yo—s = 0 (4)

Forconstantpressureboundarypp|r,,, = O (5)
app

Forclosedboundary : an \rout 0 (6)

Where: pp is the dimensionless pressurk, is the dimensionless timep,Yyp is the dimensionless position in the
coalbed,pcp is the dimensionless critical adsorption pressurg, is the dimensionless steady adsorption coefficient,
aop is the dimensionless unsteady adsorption coefficigs, is the dimensionless start-up pressure gradignis

the dimensionless distance form the center of the wellb®ris,the angle valuel,,; indicate the outer boundary?
indicate the research regidbp e is the dimensionless combined coefficient.

L-FVM METHOD

At first, we should transform the mathematical model intolaep space. The governing equation of fluid flow in the

coalbed is
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The equations of L-FVM can be derivted as following
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RESULTS AND ANALYSIS

1. Well test type curve The log-log type curve for the mathematical model is showeéigure 1. In Figure 1,

it shows that the type curve can be devided into 6 stadés. n(ihd wellbore control stage, pressure and pressure
derivative curves are straight lines with slope equals t(2).A transient flow stage. (3) The skin effect stage, there
may apear a variable “bulge” in the pressure derivative €with different skin values. (4)The radial flow period, the
pressure derivative curve maybe a horizontal line with thleesequals to 0.5. (5) The startup pressure gradient effect
stage, pressure and pressure derivative curves both paldiwith different startup pressure gradient values. (6\/MCB
desorption and outer boundary effect stage, for the cilolged boundary, the pressure and pressure derivativesurve
are straight lines with slope equals to 1.
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Figure 1: The type curve for the mathematical model
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2. Effect of startup pressure gradientin the condition of closed boundary, let the combined coefficCpe?> = 10,
desorption coefficientryp = 0, asp = 0, critical desorption pressutiép = Orespectively, and the startup pressure
gradientApp = 0,0.01, 0.1 respectively, the effect of startup pressure gradigpton well test type curves can be seen
clearly in Figure 2. In Figure 2, it shows that the more lartjer startup pressure gradient, the more higher the type
curves holding up.
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Figure 2: Type curves with different startup pressure gnatsi

COMPARISON

1. Comparison of the pressure profile in coalbbedn order to verify the L-FVM method, we compared the caldolat
results of the pressure profile in coalbed with that of themadi=VM method. The results show in Figure 3.
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Figure 3: Pressure profiles between FVM and L-FVM
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Figure 4: Comparison results of calculating velocity beaw&VM and L-FVM
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2. Comparison of the calculating timeTo evaluate the area pressure drawdown effects, the seéiplihenust be
calculated. L-FVM takes the advantage of high calculatietpeity. The comparison results of computing velocity
between FVM and L-FVM on HP 8 700 computer are showed in Figure

CONCLUSSION

(1) A new mathematical model is developed for unsteady flue fh the low permeability coalbed, by considering
the low permeability feature and the desorption phenoménheocoalbed methane. The effect of start-up pressure
gradient on well test type curve is discussed in detail.

(2) A new calculation method L-FVM is founded by translatitig equations into Laplace space and solved on un-
structured triangular mesh. The validity and precision ¢\\{M are verified by comparing the results with the normal
FVM.

(3) By comparing the computing velocity with the normal FVM HP 8700 computer, aftdf, > 10° the results show
that L-FVM is 5 times faster than FVM.
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