
 

On the issue of improving the technical and 
economic indicators of well wiring in difficult 
mining and geological conditions 

Timur Minnivaleev
1*

, Arthur Minnivaleev
1
, Lilia Gimaeva

1
, and Alfira Gabzalilova

1
 

1Institute of Oil and Gas FSBEI of HE "Ufa State Petroleum Technological University", (Branch in 

the City of Oktyabrsky), 54a, Devonskaya Street, Oktyabrsky, Republic of Bashkortostan, 452607, 

Russia 

Abstract. In this work, the vulnerability of standard PDC bits was 

established when conducting wells in difficult mining and geological 

conditions, in particular, with frequent layering of rocks with different 

hardness. The use of adaptive TerrAdapt chisels, which automatically 

change the depth of cutting and the aggressiveness of the chisel, is 

proposed in Russian deposits with frequently alternating rocks. These bits 

can be combined with overhead dampers if the dynamic coefficient is in 

the critical range. This solution will improve the technical and economic 

performance when drilling wells. 

1 Introduction 

The chisel in the process of drilling wells is often forced to work in conditions of frequent 

transition from soft rocks to hard rocks and vice versa. By far the most common type of 

chisels worldwide are PDC chisels. The cutting elements of these types of chisels are 

cutters, which are a carbide substrate with a layer of polycrystalline synthetic diamond 

(PDS) fixed on it [1-4]. Diamond, being the hardest material on Earth, provides unique 

opportunities for these types of chisels to destroy rocks by cutting.  

However, when passing intervals with frequent layering in strength and hardness of 

rock interlayers, powerful vibrations and shocks are created at the bottom, transmitted to 

the entire string of drill pipes and leading to a spread in torque, impact wear of the cutters 

and the body of a standard PDC bit (Figure 1) [5-8]. In addition, premature wear of 

downhole motors and other elements of the BHA occurs, as well as an abrupt change in 

pressure in the circulation system of the drilling rig [9]. 

2 Methods and Materials 

As a result, an additional lowering and lifting operation of the drill string is necessary to 

replace the rock-crushing tool. In addition to the cost of a new bit, the cost of a simple 
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drilling crew and a well during technical work is high, which can exceed 2 million rubles 

per day. 

 

 

Fig. 1. Impact wear of the PDC chisel. 

To solve the tasks set, the basic laws of theoretical mechanics, comparative analysis, 

analytical and experimental methods were used. 

3 Results and Discussion 

In order to solve these problems, let's consider the design of a new line of bits from Baker 

Hughes - TerrAdapt Adaptive Drill Bit System [10-11]. Movable controlled elements in 

gold with self-adjusting penetration depths into the rock can change the aggressiveness of 

the chisel depending on the lithology of the rocks. The TerrAdapt system uses a passive 

hydro–mechanical return mechanism located in cartridges mounted inside the body of the 

PDC chisel. The ball elements (Figures 2 and 3) located in these cartridges may retract or 

bulge outwards. They respond to loads and vibrations, protecting the chisel from major 

damage when passing difficult sections. Thus, vibrations and shocks are significantly 

reduced, the penetration per bit increases, the drilling speed and its efficiency [12]. 

 

 

Fig. 2.  Maximum cutting depth. 

It was found that due to the automatic adjustment of the depth of the incisors during 

drilling at one of the fields, the TerrAdapt adaptive chisel stabilized the moment on the bit 
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and its rotation frequency, reduced the amplitude of longitudinal and torsional vibrations of 

the tool, increased the mechanical and flight drilling speeds (Figure 4) [13]. 

 

 

Fig. 3.  The cutting depth is minimal. 

 

 

Fig. 4.  A graph of torque changes during drilling using a standard bit and an adaptive TerrAdapt bit. 

The graphs (Figure 5) show the dependence of well depth values on time when using 

standard PDC bits and the TerrAdapt adaptive bit. The graph shows that the TerrAdapt 

chisel completed a 2,743-meter section in one pass, increasing the penetration rate by an 

average of 27% compared to drilling speeds with standard PDC chisels in similar drilling 

conditions [14].  

The horizontal lines (A-B) show that when using standard PDC bits, there were cases of 

breakage of the bits and, accordingly, forced SPO to replace the bits. 

Frequent layering of terrigenous and carbonate rocks occurs, in particular, at the Usinsk 

deposit [15]. When drilling wells with standard PDC bits, the drilling contractor incurs 

significant economic losses associated with complications due to vibrations, the source of 

which is the processes at the bottom. Drilling large numbers of wells in this field requires 

increased efficiency through the use of specially designed bit modifications. 

To analyze the characteristics of rocks along the trunk of one of the wells at the Usinsk 

field, drilled under conditions of frequent layering of layers of different hardness, 

geophysical materials were studied. Figure 6 shows the results of GIS measurements of the 

studied intervals. 

This figure shows a lithological section (Lithology Log) in the range 3500-3600. The 

analysis shows that with intensive alternation of different rocks (3560-3600), their strength 

(UCS) changes in an abrupt manner [16]. During the drilling of wells in this field, 

significant vibrations of the BHA were noted in the considered interval, as well as the 

uncontrollability of the layouts with VZD and PDC bits. As a result, during the passage of 

this interval, strong vibrations of the column appear, which lead to wear of the cutters and 

PDC bit housings, longitudinal, transverse and torsional vibrations of the layout. 

  
 

 

, 0 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202452403024524
APEC-VII-2024

3024 

3



 

Fig. 5. Technical indicators for the use of an adaptive bit in drilling in conditions of frequent 

stratification of rocks of different hardness. 

 

 

Fig. 6. Lithological section of one well at the Usinsk field. 

4 Conclusion 

In order to increase the efficiency of drilling a well in this or similar fields, elements of the 

BHA are required to control its dynamism. The designs of the TerrAdapt adaptive bit will 

be able to stabilize the torque, reduce the amount of vibrations, and also protect the bit from 

brittle destruction of diamond cutters, which, ultimately, will increase the efficiency of well 

construction by increasing the penetration per bit, increasing the reliability of the entire 

BHA and eliminating the unproductive time spent on additional SPO.  

If the dynamic coefficient of the layout reaches very high values, then this type of chisel 

can be combined with a damper or shock absorber of various designs installed above the 

chisel: 

 The low efficiency and vulnerability of standard PDC bits have been established when 

drilling strong and intermittent rocks. 
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 The design of the TerrAdapt adaptive bit is analyzed as a method for controlling the 

dynamism of the layout in difficult mining and geological conditions, and in particular 

at the Usinsk deposit.  

 It has been established that the use of the TerrAdapt bit can significantly increase the 

drilling efficiency when passing through difficult sections of rocks. 

 This adaptive chisel will improve the technical and economic performance of well 

construction and is recommended for use in other fields of the Russian Federation with 

frequent interlayers of rocks. 
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