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Abstract This paper presents an analysis solution derived to study the unsteady-state hydraulic head created by a 
slanted well which was drilled from the roof of the tunnel in coal mine, indicates that the slant of a fully 
penetrating well creates a drawdown that is a function of the angle of slant and the formation thickness. 
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Introduction  

Slanted well which also called as inclined borehole is widely used in coal mine dewatering, 
it's important to research the equation of inclined boreholes well flow. Hydrogeological 
experts has proposed "Dupuit steady well flow equation" , "Theis unsteady well flow 
equation" and other calculation methods, but the borehole must be assumed to be vertical , it 
does not fit to inclined borehole. In recent years, oil experts derived a analysis of inclined 
productivity and the pseudo-skin factor based on sources theoretical, hydrogeology experts 
derived an analysis of horizontal wells flow calculation equation under different 
hydrogeological conditions based on sources theoretical too. In this study both result are 
assumed as the basis for the coal mine inclined boreholes flow calculation method . 

Single borehole inclination confined aquifer ideal model 

In order to derive the analytical solution flow inclined boreholes, this paper attempts to create 
a three-dimensional conceptual model inclined boreholes in the confined aquifer.  

Fig. 1 shows a three-dimensional conceptual model of slanted well  in confined aquifer.  
Assumed to be homogeneous isotropic aquifer. The origin of the coordinate system is located 
in the midpoint of the projection oblique drilling horizontal position in the floor. As the role 
of the filter casing and pipes, water drilling guide section can be slanteded at any angle at any 
position of the aquifer. 

Analysis solution of single inclined borehole  

The aqueous layer from the lower boundary of the distance measured to the midpoint of the 
drilling zw; θw represents the angle drilling and horizontal; Observation point P of the spatial 
coordinates (r, θ, z). 

In 1884, L.Kelvin in theoretical studies of the thermal conductivity of a homogeneous 
isotropic distribution under an infinite medium instantaneous point source space temperature 
raised a fundamental role in the solution. This solution groundwater wells become an 
important method for flow - the basis of source and sink method (fig. 1).  

Kelvin's solution to broaden the anisotropic medium, in the strength of Vp instantaneous point 
sink effect, infinite space distribution head drawdown can be expressed as: 
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Fig. 1 Schematic slanted well  in confined aquifer	
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where, s is head down as deep; Vp instantaneous point sink strength, the volume of water that 
is a point sink instantaneous extraction; μs increments elastic water level; ar = Krr / μs for the 
horizontal direction pressure aquifer conductivity; az = Kzz / μs for the vertical direction 
pressure of the aquifer conductivity; t starting from the instantaneous pumping time; 
Converted into the coordinate of the observation point in the radial coordinate isotropic 
porous media; r, z coordinates of the observation point; z' is the instantaneous point sink in 
the z-axis position. 

The formula: in an infinite homogeneous anisotropic space (aquifers), in the time t = 0, the 
point (0, z') at a caliper to zero spherical volume Vp groundwater extraction wells 
instantaneously after that, head (r, z) at the drawdown s. For injection wells, only one of s and 
Vp were negative value only (fig.2).  

 

Fig.2 	Meeting space and the instantaneous position of the point of observation points 
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Infinite homogeneous anisotropic medium length Lw slanted instantaneous line sink in the 
infinite space of the cylindrical coordinate analytic formula is:  
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Let length Lw instantaneous line sinks (fig.3) the intensity of Q, the instantaneous intensity of 
the differential line sinks dzp for Ql = Q / dzp. Using equation (3) can be written in the 
differential instantaneous line sinks dzp (can be regarded as instantaneous telegraphic) role in 
any spatial point differential drawdown (r, θ, z) Department, The style is the length Lw, the 
slanted angle of the horizontal continuous line sinks expression θ of analytical solutions. 

 

Fig. 3 Location infinite space aquifer inclined line sink and observation points 

Semi-infinite homogeneous isotropic medium length Lw slanted instantaneous line sink in a 
semi-infinite cylindrical coordinate space analytic method can reflect the semi-infinite space 
into infinite space problem(fig.4), the analytical solution is: 

 

Fig.4 Meeting location inclined line in the mirror and impermeable floor of the observation point 
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∫                 (3) 

The continuous line sinks role as a series sum of the instantaneous line sink effect. 
Withdrawals for each instantaneous line sinks on dq = Q (τ) dτ space in a continuous strength 
for the next Q lines sequestration, deep down at any point s. So, τ moment, in the 
instantaneous intensity of Qdτ line sequestration, observation points are reflected ds's.  
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For τ from 0 to t points can be continuously pumped at any point of time t drawdown that 
Confined aquifer system is up and down on the roof watertight type, the length of Lw, the 
slanted angle of the horizontal continuous line sinks expression θ of analytical solutions. 

Conclusions  

In this paper, the level of homogeneous anisotropic confined aquifer full slanted drilling wells 
unsteady flow calculation equation was derived; Stabilized flow in inclined boreholes 
approximate calculation equation is derived; The applicability of the formula based on the 
coal mine water drainage test instances was verified. The results will help the coal mine water 
drainage design and construction work of drilling and related norms, standards. 

Acknowledgements 

This research was supported by Twelfth Five-Year National Science and Technology Support 
Program ‘Exploration and mine water disaster risk prevention and demonstration of key 
technologies(NO.2012BAK04B04) and the ‘Quantitative characterization and the rule of 
migration and transformation of natural organic matter in groundwater of coalmine (NO. 
41302214). 

The authors are very grateful to Professor Jingsheng Li and Pingping Sun for their comments,  
which improved the paper significantly. 



 

 94

References 

Besson J (1990) Performance of slanted and horizontal wells on an. Anisotropic Medium,Paper SPE 20965 
Cinco-Ley (1975) Transient pressure analysis for fractured wells. Directionally-Drilled Wells. SPE 5589 
Cinco-Ley (1975) Pseudo-skin Factors for Partially-Penetrating. Directionally-Drilled Wells. SPE 5589 
Chang MM (1989) Simulation of production from wells with horizontal/slanted laterals. Final Report.  DOE 

Reporter NIPER-326 
Cooper Jr HH, Jacob CE (1946) A generalized graphical method for evaluating formation constants and  

summarizing well-field history. Transactions of the American Geophysical Union 27, 526-534 
Mochizuki S (1990) Inflow performance relationships for solution-gasdrive slanted horizontal wells. SPE 20720 
Morita N, Singh SP, Chen HS, Whitfill DL, Conoco Inc (1990) Three-dimensional well model pre-processors for 

reservoir simulation with horizontal and curved inclined wells. SPE 20718 
Retnanto, Economides (1984) Drillpipe buckling in inclinedholes. JPT 36(10): 734-1738 
Roemershauser AE, Hawkins Jr MF (1955) The effect of slant hole drainhole and lateral hole drilling on well 

productivity. Journal of Petroleum Technology 7:11-14 
Samani N, Kompani-Zare M, Seyyedian H (2004) Flow to horizontal and slanted drains in anisotropic unconfined 

aquifers. Developments in Water Science 55 (1) : 427-440 
Theis CV (1935) The relation between the lowering of the piezometric surface and the rate and duration of 

discharge of a well using ground water storage. Transactions of the American Geophysical Union 16: 519-
524 

Tsou PR, Feng ZY (2010) Stream depletion rate with horizontal or slanted wells in confined. Hydrol. Earth Syst. 
Sci. Discuss (7) : 2347-2371 

Zhan HB (2002) Groundwater flow to a horizontal or slanted well in an unconfined aquifer. 38(7) : 13 
 




