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In Poland lignite has been produced in opencasts at various depths form 40 to 220 m.
Most opencasts are dewatered with large diameter wells, which are drilled with rotary
methods involving mud and various types of bits. Due to the difficult geologic conditions
relating to the presence of lignite as well as loose and low-compact Quaternary and Tertiary
material in the overburden, such wells are most commonly drilled with reverse circulation
and cutter bits. Standard bits are inefficient in such conditions, and no high drilling rates can
be achieved. This has a significant influence on the elongated time of interaction beween
drilling mud and the wellbore aquifer zone, consequently lowering the hydrodynamic pa-
rameters of the well.

For obtaining higher penetration rates in large diameter wells a new design of profiled
cutter bit was worked out and drillability tests were performed to optimize the mechanical
parameters of the drilling technology.
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The quantitative influence of properties of the drilled rocks, as well as the mechanical
and hydraulic parameters of drilling on the technical indices of drilling of large diameter
wells has not been clearly stated [1, 14]. The influence of weight on bit on the mechanical
penetration rate in laboratory and industrial conditions has been most extensively described
in literature [8, 15, 16].

http://dx.doi.org/10.7494/drill.2015.32.2.405
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Dependent parameter Regression 
coefficient 

Standard error 
of regression 
coefficient 

Value of  
t Student test 

Significance 
level 

Absolute term ln Z –2.11619 0.222816 –9.49750 0.000000 

a 0.42392 0.022228 19.07124 0.000000 

b 0.26199 0.017119 15.30453 0.000000 

Number of measurements N = 47 

Absolute term Z = 0.1204898 

R = 0.96478375 

R2 = 0.93080768 

Coefficient of determination R2 = 0.92766257 

F-distribution (2.44) = 295.95,   p < 0.0000 

Standard error of estimate = 0.03764 



�+�

��%&'�"

%���(�����	��	�I������	��	�
�����	����	��	'����������	$���	������	5��	��
���
'�������	$����	∅	�*,3	(	��	������	&1

��%&'�#

%���(�����	��	�I������	��	�
�����	����	��	'����������	$���	������	5��	��
���
'�������	$����	∅	�*,3	(	��	������	&2

Dependent 
parameter 

Regression 
coefficient 

Standard error 
of regression 
coefficient 

Value of  
t Student test 

Significance 
level 

Absolute term ln Z –2.91148 0.228494 –12.7421 0.000000 

a 0.51179 0.42392 22.3004 0.000000 

b 0.16888 0.023458 7.1992 0.000000 

Number of measurements N = 57 

Absolute term Z = 0.054395 

R = 0.95362239 

R2 = 0.90939566 

Coefficient of determination R2 = 0.90603994 

F-distribution (2.54) = 271.00, p < 0.0000 

Standard error of estimate = 0.04813 

Dependent 
parameter 

Regression 
coefficient 

Standard error  
of regression 
coefficient 

Value of  
t Student test 

Significance 
level 

Absolute term ln Z –1.64557 0.274714 –5.99012 0.000000 

a 0.39188 0.028537 13.73201 0.000000 

b 0.23652 0.024467 9.66697 0.000000 

Number of measurements N = 60 

Absolute term Z = 0.192902577 

R = 0.89671485 

R2 = 0.80409753 

Coefficient of determination R2 = 0.79722376 

F-distribution (2.54) =116.98, p < 0.0000 

Standard error of estimate = 0.04635 
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Table 4 gives a list of average model rates of penetration a, b and Z for selected macro-
scopically homogeneous layers W1, W2 and W3 which were determined during the tests.
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Basing on the model of average rate of penetration some industrial tests were per-
formed to assess the efficiency of drilling large diameter dewatering wells with a cutter bit
with profiled blades 0.96 m of diameter. The wells were drilled with a rig Wirth B3A and
depending on the type of drilled rocks the following drilling parameters were used:
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Coefficients Bit diameter 
 

[m] 

Type of 
macroscopically 

homogeneous 
layer 

Z a b 

W1 0.1204898          0.42392 0.26199 

W2 0.054395 0.51179 0.16888 0.96 

W3 0.192902577 0.39188 0.23652 
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