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Abstract: The motive of the study is to establish a near-wellbore seepage model of Coalbed Methane 
(CBM) pinnate horizontal well according to the potential superposition principle and the equivalent well 
diameter model. The corresponding calculation program has been achieved based on C++ computer 
language to analyze the effects of branch distribution, branch position and length on isobar distribution of 
CBM pinnate horizontal well. The results show that the isobar distribution of CBM pinnate horizontal well 
is closely related to its own wellbore configuration. When the two branches are at the same side, the isobars 
incline to the branch side. When the branch position moves from the heel end to the toe end along the main 
borehole, the morphology of isobars transforms from oval to slant triangle. With the increase of branch 
length, the influence on the morphology of isobars increases gradually. 
 
Keywords: Branch parameter, coalbed methane, near-wellbore seepage, numerical simulation, pinnate 

horizontal well 
 

INTRODUCTION 
 

As an abundant new clean energy, Coalbed 
Methane (CBM) is a kind of unconventional natural gas 
existing in the coal seam. At the same time, CBM is 
considered as important as the natural gas to ensure the 
energy sources safety of China (Wang et al., 2010 a,b; 
Wang et al., 2011a,b). On the whole, we have five 
important implications to develop and utilize the 
coalbed methane resources (Wang et al., 2010c; Yan et 
al., 2010, 2009): 
  
 It can increase the new clean energy and improve 

the energy structure.  
 It decreases the dependent on the imported energy. 
 It can reduce the emission of greenhouse gas 

effectively and produce good environmental 
protection effect.  

 It develops the safety effect to reduce or avoid the 
CBM accidents.  

 It will also drive the development of relevant 
industries.  

 
In foreign countries, the CBM exploration of the 

United States began in 1932. In the 1970s, the United 
States conducted a series of research projects on CBM. 
The CBM industry had a certain scale with more than 
one thousand CBM wells in the 1980s. So far, the 

United States has more than thirty thousand CBM wells 
and the annual output of CBM has reached 5.4 billion 
m3 accounting for one tenth of the total U.S. natural gas 
(Busch et al., 2004). The CBM development starts late 
in China, we have a large number of CBM exploration 
work in the late 1980s. With the rapid growth of energy 
demand in China, CBM development gets more and 
more attention. China has abundant CBM resource with 
newly explored reserve reaching 200 billion m3 in 
2012. Therefore, increasing demand of CBM well has 
become an urgent problem which needs to be resolved. 
The multi-branch well can increase the control area of 
the main borehole, while communicate the crack and 
pore systems of coal seam on larger scale. At the same 
time, it can exploit low permeability reservoirs of CBM 
which can’t be mined by the conventional well, 
moreover increase the single well production and 
recovery (Thararoop et al., 2012; Clarkson et al., 2011; 
Keim et al., 2011). However, during CBM pinnate 
horizontal well exploiting process, the change of branch 
parameters will influence the production of the main 
and branch boreholes because of the complex wellbore 
structure (Maricic et al., 2008). A large number of 
experts and scholars have studied the above problem a 
lot. Taking the half infinite reservoir with anisotropic 
into account, (Sarkar and Rajtar, 1994) established the 
mathematical model of CBM horizontal well 
exploitation based on the storage and skin effects. The 
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mathematical model was solved by Laplace and Fourier 
methods. Archer and Horne (2000) solved the problem 
of outer boundary impaction in conventional oil and gas 
reservoirs using the Green element method. Clarkson 
and Bustin (2000) injected nitrogen or carbon dioxide 
into coal seam in order to speed up the CBM desorption 
rate and increase the single well production. 
Meanwhile, (Arri et al., 1992) simplified the coal-rock 
matrix and CBM as oil and volatile gas respectively. 
The black-oil model was introduced into the prediction 
of CBM well production. However, this model has 
some limitations for ignoring the influences of porosity, 
saturation and coal seam thickness. 

The aims of the study are to eastablish a new near-
wellbore seepage model according to the equivalent 
well diameter model of multilateral wells and wellbore 
flow pressure drop model, which can predict the 
characteristics of isobar distribution. We use the 
Galerkin method and the implicit difference method to 
solve the model. Moreover, the corresponding 
calculation program is achieved by C++ computer 
language and an actual CBM well of Qinshui basin is 
simulated as an example. The effects of branch 
distribution, branch position and length on near-
wellbore seepage of CBM pinnate horizontal well are 
analyzed. 
 

MATHEMATICAL MODEL 
 

Three assumptions are used in the model, namely: 
  

 The main and branch boreholes are in the same 
pressure system with potentials interfering each 
other.  

 CBM and water do not have quality exchange and 
CBM is indissolvable in water.  

 The coal seam is heterogeneity with aeolotropism. 
 

Based on the equivalent well diameter principle, 
the equivalent well size of any micro-element segment 
of CBM pinnate horizontal well can be obtained: 
 
 The main wellbore: 
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 The branch wellbore: 
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According to the potential superposition principle 

(Jiang et al., 2010), the potential of any point 
),,( zyxW  in strata can be written as follows: 
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where, 
 

nLL zi /                                                      (4) 

jjfkjj TLll /,,                                     (5) 

 
where, Rwe, i  is the equivalent well radius of the ith 
micro-element segment along the main wellbore, m;  
rwe, j,k stands for the equivalent well radius of the kth 
micro-element segment along the jth branch wellbore, 
m; ΔLi  means the ith micro-element segment length of 
the main wellbore, m; Δlj,k indicates the kth micro-
element segment length of the jth branch wellbore, m; 
Δlj stands for the average length of micro-element 
segment along the jth branch wellbore, m;H  is the coal 
seam thickness, m; β means anisotropic coefficient of 
permeability in coal rock; Rw is the radius of the main 
wellbore, m; rw,j  is the radius of the jth branch wellbore, 
m; zwz,i  indicates the vertical distance between the ith 
micro-element segment of the main wellbore and the 
bottom of coal seam, m; zwf, j, k stands for the vertical 
distance between the kth micro-element segment of the 
jth branch wellbore and the bottom of coal seam, m; n  
means the number of micro-element segment of the 
main wellbore; Lz is the length of the main wellbore, m; 
Lf ,j is the branch length of the jth wellbore, m;T j  stands 
for the number of micro-element segment of the jth 
branch; M is the number of branches; Qz, i means the 
production per unit length of the ith micro-element 
segment in the main wellbore, m3/d/m;q j,k stands for 
the production per unit length of the kth micro-element 

segment in the jth wellbore, m3/d/m; C  is the constant, 
MPa. 
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    On the basis of the borehole pressure drop model of 
conventional horizontal well, the wellbore pressure 
drop of pinnate horizontal well is consist of acceleration 
pressure drop, gravity and friction pressure drop. The 
pressure drop formulas of any micro-element segment 
are shown as below: 
 
 The main wellbore: 
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 The branch wellbore: 
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where, Δpz,i  is the pressure drop of the ith micro-
element segment of the main wellbore, MPa; ρi stands 
for the mixed fluid density of the ith micro-element 
segment of the main wellbore, kg/m3; Qzt,i means the 
production of the ith micro-element segment of the main 
wellbore, m3/d; D  is the diameter of the main wellbore, 
m; θi  stands for the deviation angle of the ith micro-
element segment of the main wellbore, °; ƒz,i is the 
friction factor of the ith micro-element segment of the 
main wellbore; Δpf,j,k  means the pressure drop of the kth 
micro-element segment of the jth branch, MPa; ρj,  k  is 
the mixed fluid density of the kth micro-element 
segment of the jth branch, kg/m3; qt,j,k  stands for the 
production of the kth micro-element segment of the jth 

branch, m3/d; dj  is the diameter of the jth branch, m;   
θj,k is the deviation angle of the kth micro-element 
segment of the jth branch, °; ƒj, k  stands for the friction 
factor of the kth micro-element segment of the jth 
branch; g  is the gravity acceleration, m/s2. 

The flowing pressure along the main wellbore of 
the pinnate horizontal well meets the following pressure 
equation: 
 

)(5.0 1,,1,,   iziziziz pppp                   (8) 

 
The flowing pressure equation along the jth branch 

of the pinnate horizontal well can be written as follows: 
 

)(5.0 1,,,,1,,,,   kjfkjfkjfkjf pppp                (9) 

 
The flow sum of pinnate horizontal well can be 

shown as below: 
 

 
 


M

j

T

k
kjt

n

i
izt

j

qQQ
1 1

,,
1

,
                             (10) 

 
 
Fig. 1: Branch distribution and size of C2 pinnate horizontal 

well in coal seam 
 
Table 1: The basic parameters of coal seam 
Coal seam thickness/m 5.80 Permeability of coal 

seam/mD 
1.20 

Coal seam pressure /MPa 3.87 Main wellbore 
radius/m 

0.12 

Branch wellbore radius/m 0.10   

 

 
 
Fig. 2: Isobar distribution diagram of C2 pinnate horizontal 

well 
Due to the pressure continuous principle, the fluid 

flow pressure within reservoir should be equal to that of 
wellbore fluid flow at the borehole in the mining 
process of CBM pinnate horizontal well. Based on the 
reason   above,  the  near-wellbore  seepage  prediction 
model on CBM pinnate horizontal well can be 
established. 
 

APPLICATION ANALYSES 
 

On the basis of the prediction model above, the 
corresponding calculation procedure is established. We 
have done numerical simulation on near-wellbore 
seepage of CBM pinnate horizontal well named C2 in 
Qinshui basin by the procedure. The influences of 
branch distribution, branch position and length on 
isobar distribution have been studied respectively. The 
branch distribution and size of C2 pinnate horizontal 
well are shown in Fig. 1. Meantime, Table 1 provides 
the basic parameters of the coal seam. 
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Figure 2 shows the isobar distribution chart of C2 
CBM pinnate horizontal well. Due to the existence of 
the two branches, the distribution of isobars presents 
characteristic. In the regions away from C2 pinnate 
horizontal well, the isobars present regular oval. At the 
same time, the closer to the pinnate horizontal well, the 
more severe the pressing line shape changing. Outside 
the 1st branch, isobars bend towards the branch 
borehole; while inside the area between the 1st branch 
and the main borehole, isobars bend towards to the 
branch point. The variation discipline of isobars near 
the 2nd branch is similar to the 1st branch. The farther 
from the borehole, the sparser the isobars are. 

Due to the complex casing structure of pinnate 
horizontal well, we take branch parameters as branch 
distribution, branch position and length into 
consideration to analyze the effects on isobar 
distribution of pinnate horizontal well. 
 
Branch distribution: The basic parameters of CBM 
pinnate horizontal well is shown in Fig. 1. Based on 
different branch distribution conditions, the isobar 
distribution charts of CBM pinnate horizontal well are 
shown in Fig. 3. When the two branches are at the same 
side, the isobars tend to the branch side with the shape 
of “taper”. In the meantime, isobars present oval away 
from the wellbore area while the isobars appear 
“triangle” near the borehole when the two branches are 
at different sides. The branch distribution of different 
sides can reduce the interference between the two 
branch boreholes and increase the gas drainage radius 
and the production of pinnate horizontal well to a 
certain extent. 
 
Branch position: Assuming the two branches are 
symmetrical, the isobar distribution of CBM pinnate 
horizontal well is shown in Fig. 4 when the branch node 
is 0, 90, 180, 270 and 360 m away from the heel end of 
the main wellbore respectively. The branch position has 
great impact on the isobar distribution. As the branch 
position moving from the heel end to the toe end of the 
main wellbore, the isobars near the wellbore area 
change from “melon seeds” with the characteristic of 
round at heel and sharp at toe to “fish” with the 
characteristic of sharp at both heel and toe ends which 
are shown in Fig. 5. 
 
Branch length: Taking the pinnate horizontal well in 
Fig. 1 as a foundation, the effect of branch length  on 
the  isobar  distribution  is   shown  in  Fig. 6. With  the 
increasing  of   branch  length, the shape of isobars near  

 

(a) The same side 
 

 

(b) Different sides 
 
Fig. 3: Comparison diagrams on isobar distribution of pinnate 

horizontal well under the condition of different branch 
distribution 

 
  

Fig. 4: Branch distribution under different branch position 
conditions 

wellbore zone changes from long oval to slant triangle 
gradually. By increasing the branch length, we can 
enlarge the communication channel between the 
wellbore and coal seam and expand the gas drainage 
area of pinnate horizontal well to improve productivity. 
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  (a) 0 m (b) 90 m 
 

 

 (c) 180 m (d) 270 m 
 

 

  (e) 360 m 
 
Fig. 5: Comparison diagrams on isobar distribution of pinnate horizontal well under the condition of different branch positions 
 

 
 (a) 50 m (b) 150 m 
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(c) 250 m 
 
Fig. 6: Comparison diagrams on isobar distribution of pinnate  horizontal well under the condition of different branch lengths 
 

CONCLUSION 
 

 Based on the equivalent well diameter model of 
multilateral wells and wellbore flow pressure drop 
model, the near-wellbore seepage prediction model 
on CBM pinnate horizontal well is proposed. The 
corresponding calculation program is achieved by 
C++ computer language. The effects of branch 
distribution, branch position and length on isobar 
distribution shape are studied. 

 The isobar shape near pinnate horizontal well is 
related to its own well structure. In the regions 
away from the wellbore, isobars are approximately 
like ellipse with sparser form. 

 When the two branches are at the same side, the 
isobars tend to the branch side with the shape of 
“taper”. The branch position has great impact on 
the isobar distribution. As the branch position 
moving from the heel end to the toe end of the 
main wellbore, the isobars near the wellbore area 
change from “melon seeds” to “fish”. With the 
increasing branch length, the shape of isobars 
changes from long oval to slant triangle gradually. 

 
ACKNOWLEDGMENT 

 
The authors wish to acknowledge the financial 

support of the Important National Science & 
Technology Specific Projects (Contract No. 
2011ZX05037 and 2011ZX05036). 

 
REFERENCES 

 
Archer, R.A. and R.N. Horne, 2000. The Green element 

method for numerical well test analysis. SPE 
Annual Technical Conference and Exhibition, 1-4 
October 2000, Dallas, Texas, ISBN: 978-1-55563-
910-5.  

Arri, L.E, D. Yee, W.D. Morgan and M.W. Jeansome, 
1992. Modeling coalbed methane production with 
binary gas sorption. SPE Rocky Mountain 
Regional Meeting, 18-21 May 1992, Casper, 
Wyoming, ISBN: 978-1-55563-504-6. 

Busch, A., Y. Gensterblum, B.M. Krooss and R. littke, 
2004. Methane and carbon dioxide adsorption-
diffusion experiments on coal: Upscaling and 
modeling. Int. J. Coal Geol., 60(2-4): 151-168. 

Clarkson, C.R., M. Rahmanian and A. Kantzas, 2011. 
Relative permeability of CBM reservoirs: Controls 
on curve shape. Int. J. Coal Geol., 88(4): 204-217. 

Clarkson, C.R. and R.M. Bustin, 2000. Binary gas 
adsorption/desorption isotherms: effect of moisture 
and coal composition upon carbon dioxide 
selectivity over methane. Int. J. Coal Geol., 42(4): 
241-271. 

Jiang, T.T., X.Z. Yan and X.J. Yang, 2010. Sectional 
Optimization Research of Water Flooding With 
Horizontal Wells in Heterogeneous Reservoir 
Based on Logging Information. Xie Edn., Rock 
Stress and Earthquakes, ISBN: 978-0-415-60165-8. 

Keim, S.A., K.D. Luxbacher and M. Karmis, 2011. A 
numerical study on optimization of multilateral 
horizontal wellbore patterns for coalbed methane 
production in Southern Shanxi Province, China. 
Int. J. Oil Gas Coal Technol., 86(4): 306-317. 

Maricic, N., S.D. Mohaghegh and E. Artun, 2008. A 
parametric study on the benefits of drilling 
horizontal and multilateral wells in coalbed 
methane reservoirs. SPE Reserv. Eval. Eng., 11(6): 
976-983. 

Sarkar P. and J. Rajtar, 1994. Horizontal well transient 
pressure testing in coalbed reservoirs. SPE Latin 
America/Caribbean Petroleum Engineering 
Conference, 27-29 April 1994, Buenos Aires, 
Argentina, ISBN: 978-1-55563-470-4. 



 
 

Res. J. Appl. Sci. Eng. Technol., 4(22): 4791-4797, 2012 
 

4797 

Thararoop, P., Z.T. Karpyn and T. Ertekin, 2012. 
Numerical studies on the effects of water presence 
in the coal matrix and coal shrinkage and swelling 
phenomena on CO2-enhanced coalbed methane 
recovery process. Int. J. Oil Gas Coal Technol., 
5(1): 47-65. 

Wang, T.T., X.Z. Yan, X.J. Yang and H.L. Yang, 
2010a. Surface dynamic subsidence prediction 
above salt cavern gas storage considering the creep 
of  rock  salt.  Sci.  China  Technol.  Sci.,  53: 
3197-3202. 

Wang, T.T., X.Z. Yan, X.J. Yang and H.L. Yang, 
2010b. Improved Mohr-Coulomb criterion 
applicable to gas storage caverns in multilaminated 
salt  stratum.   Acta    Petrolei   Sinica,  31(6): 
1040-1044. 

Wang, T.T., X.Z. Yan and X.J. Yang, 2010c. Collapse 
pressure of perforated liner casing in CBM 
exploration basing on plastic hinge model. J. China 
Coal Soc., 35(2): 273-277. 

Wang, T.T., X.Z. Yan, H.L. Yang and X.J. Yang. 
2011a. Stability analysis of the pillars between 
bedded salt cavern groups by cusp catastrophe 
model. Sci. China Technol. Sci., 54(6): 1615-1623. 

Wang, T.T., X.Z. Yan, H.L. Yang and X.J. Yang, 
2011b. Stability analysis of pillars between bedded 
salt cavern gas storages. J. China Coal Soc., 36(5): 
790-795. 

Yan, X.Z., Z.G. Wang, X.J. Yang and T.T. Wang, 
2009. The numerical simulation of reservoir 
pressure distribution in depressurization production 
by fluid-solid coupling method. Petrol. Geol. 
Recov. Efficien., 16(4): 90-92. 

Yan, X.Z., Y.T. Zhang, T.T. Wang and X.J. Yang, 
2010. Permitted build-up rate of completion strings 
in multi-branch CBM well. J. China Coal Soc., 
35(5): 787-791. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


