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SUMMARY

Drilling operations demand continuous monitoring of the process by measuring instruments
located both on the surface and in the well. In this case, the main attention is paid to the
control of drilling parameters, well trajectory and geophysical logging while drilling. At the
same time, the issue of monitoring the vibration processes of drill bits and drilling tools
during the run is not a priority. However, undesirable vibrations can lead to premature bit
wear, damage to bottom hole assembly components, reduced wellbore quality, complications
associated with controlling the trajectory, etc. Therefore, vibration recording should become a
common practice in the drilling process. Considering this, vibration processes in the bottom
hole assembly were monitored during drilling well in Dnipro-Donets basin using data from of
BlackBox™ downhole sensors. Based on the analysis of the obtained recordings, the
operating parameters and design of the bottom hole assembly were adjusted, which made it
possible to ensure high mechanical penetration rate, improve drill string working conditions
and reduce bit wear. The use of technologies similar to BlackBox can serve as a basis for
assessing the load on bottom hole assembly elements in order to improve methods
(techniques) for predicting their service life.
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Introduction

Ukraine, as a country with rich natural resources, has the potential for its own oil and gas production
growth. However, unfavorable economic, technical, and political factors cause problems in achieving
full energy independence and securing its own oil and gas market. The problem has become
particularly acute since the outbreak of full-scale hostilities in Ukraine. The urgent task of achieving
Ukraine's hydrocarbon needs requires an increase in drilling of wells with high technical and
economic performance, which requires a systematic search, adaptation, and implementation of the
latest technologies. Technological evolution, introduction of innovations, organic and consistent
transformation will help to realize the strategic goals of the Ukrainian oil and gas industry. Improving
the industry's technological efficiency is a crucial component of achieving the country's energy
independence.

Method and Theory

One of the ways to solve these problems is to simultaneously ensure effective rock fracturing,
adherence to the well design trajectory, and reliable operation of drill string elements. In view of this,
new and more modern well drilling technologies have replaced the conventional and traditional
ones (Dzhus et al., 2023). This led to the development of machinery and equipment for their
implementation. Thus, PDC bits and hybrid bits, rotary steerable systems, top drive systems, mud
motors, adjustable drilling pumps, etc. have become widely used. Drilling jars have become
mandatory elements of the drill string. It is also worth noting the development of tools for controlling
and monitoring technological processes and the load of downhole equipment (Akimov et al., 2018).

In general, today the composition of modern drill strings, depending on the need, includes: PDC bits,
directional drilling systems (mud motor, rotary steerable systems), measurement while drilling
(MWD) tools with hydraulic or electromagnetic communication channels, logging while drilling tools,
stabilizers, reamers, borehole enlargement tools, multiple-acting circulation valves, jars and
accelerators. (Reckmann et al., 2018)

Drilling operations necessitate continuous monitoring of the process by measuring instruments located
both on the surface and in the well (Grydzhuk et al., 2022). In this case, the main attention is paid to
the control of drilling parameters, well trajectory and geophysical logging during drilling. At the same
time, the issue of monitoring the vibration processes of drill bits and drilling tools during the run is not
a priority. This is primarily due to the need to use additional downhole sensors and software for
processing and analyzing the information received. This leads to the inclusion of additional elements
in the drill string design and increases the cost of drilling operations (Saadeldin et al., 2023).
However, undesirable vibrations can lead to premature bit wear, damage to bottom hole
assembly (BHA) elements, reduced wellbore quality, complications associated with controlling the
trajectory, etc. Therefore, vibration recording should become a common practice in the drilling
process (Hohl et al., 2022).

Results

The above assumption is confirmed by the results of monitoring the drilling process in the wells of the
Dnipro-Donetsk Basin. During the studies carried out to optimize the drilling process, the drill string
vibrations were recorded using the BlackBox™ technology from National Oilwell Varco (Tab. 1).
When drilling in the interval for the intermediate casing, BlackBox sensors were installed in two
sections of the BHA. The study was carried out 24/7 in the form of measurements with subsequent
visualization and analysis of the data obtained.
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During drilling of the first 200 meters of the interval, transverse vibrations of high amplitude were
recorded at the bottom hole, which are probably caused by the mechanical properties of the rocks. In
order to reduce them, it is advisable to reduce the drill string rotation frequency when the bit is picked
up of bottom.

Table 1 BlackBox™ Specifications

Parameter BlackBox HD BlackBox EMS BlackBox Eclipse
Lateral Vibration (X-axis, Lateral Vibration (X-axis,
Y-axis) - 120g to + 120g Y-axis) - 120g to + 120g
Axial Vibration (Z-axis) Axial Vibration (Z-axis)
Vibrations -35gto +35g -35gto +35g -200g to +200g
Torsional Vibration Torsional Vibration
- 5,000 rad/s? to + 5,000 - 5,000 rad/s? to + 5,000
rad/s? rad/s?
RPM 0 to + 1,200 RPM - 1,200 to + 1,200 RPM 0 to + 1,200 RPM
Temp -40°C to 150°C -40°C to 150°C -40°C to 150°C
Weight - - 150 kIb to + 350 klb -
Torque - - 60 ft-1b to + 60 ft-1b -
Annular .
Pressure - 0 to + 25,000 psi -
Internal .
Pressure - 0 to + 25,000 psi -
Bending
(2-axis) - - 80 kft-Ib to + 80 kft-Ib -
. . Weight transfer Complete system
Benefits | . & ]13,[1{)?8‘;1}1; :ﬁfgiin ance Data without MWD tools capture. High
Update Hydraulic Model frequency burst data

Also, transverse vibrations of the BHA due to the reverse rotation of the bit were recorded, which are
reflected by a number of discrete phenomena. This type of vibration is the most likely and main cause
of damage to the bit shoulder cutters and erosion on the downhole motor. Since the occurrence of
backward rotation depends on the mechanical properties and depth of cut of the rock, the drilling
mode should be changed in such a way as to reduce the amplitude of vibrations and prevent backward
of the bit.

For the reasons of changing the drilling mode, it should be noted that the amplitude of vibrations
increases with the increase in the rotation frequency of the bit and BHA and due to the increase in the
distance from the axis of rotation of the bit to the geometric axis of the well (Marland Christopher, et
al., 2022). At the same time, the risk of detecting reverse rotation increases with decreasing depth of
cut. Therefore, increasing the load on the bit should stabilize its operation. Also, reducing the distance
between the string stabilizers should reduce the flexibility of the drill string and thereby reduce the
distance from the bit rotation axis to the geometric axis of the well. In general, the implementation of
these measures is intended to help reduce the risks of backward rotation and fatigue accumulation in
the BHA elements.

Thus, based on the results of the studies and their analysis, the following measures were proposed to
stabilize the BHA operation: reducing the bit rotation speed during drilling; increasing the load on the
bit (the level of increase is to be set based on the results of drill off tests); reducing the rotation speed
of the column (up to 20rpm) and the mud motor (up to 50-60rpm) during reaming; placing the
BlackBox sensor above the first string stabilizer to reduce the flexibility of the BHA over the bit. It
was also decided to continue using BlackBox modules to fully understand drilling dysfunctions. The
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monitoring of vibration processes continued with the adjusted operating parameters and BHA
design (Fig. 1).

Figure 1 Initial and adjusted BHA design

Cumulative . . .
oD Lentgh Connection OD Lentgh | Cumulative | Connection
BHA Ttem length BHA Ttem
(mm) (m) (ﬁ; type (mm) (m) length  (m) type
PDCBit | 444,5 0,4 0,4 75/8 Reg PDCBit | 4445 0,4 0.4 75/8 Reg
Mud motor 244.5 10,53 10.93 7 5/8 Reg Mud motor 244.5 10.53 10,93 7 5/8 Reg
Sub with String
Black Box 241.3 1,22 12,15 7 5/8 Reg Stabilizer 438.,2 1,14 12,07 7 5/8 Reg
7 5/8 Reg to Sub with
Crossover | 242 1,16 13,31 & 58 T Black Box | 2413 1,22 13,29 75/8 Reg
Siiiig 4382 1,14 14,45 6 5/8 FH Drill Collar | 229 9,43 22,72 7 5/8 Reg
Stabilizer
. String
Drill Collar 229 9,43 23,88 6 5/8 11 - 438,2 1,68 24.4 7 5/8 Reg
Stabilizer
String .
s 438.2 1,68 25,56 6 5/8 FH Drill Collar 229 18.8 43,2 7 5/8 Reg
Stabilizer
Drill Collar| 229 18.8 44,36 6 5/8 FH Crossover | 215 1,14 4434 798Iz
6 5/8 Reg
Crossover 215 1,14 45,5 © Bk Drill Collar 203 18,84 63,18 6 5/8 Reg
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Dril Collar 20 1554 o434 638 jes _
_ Drill Collar 20 e 003 68 ch
Drill Collar 203 27,65 93,19 6 5/8 Reg Jar 203 9,57 1016 6 5/8 Reg
Jar 203 9,57 102,76 65/8 Reg Drill Collar 203 27,83 129,43 6 5/8 Reg
Drill Collar| 203 27.83 130,59 6 5/8 Reg Crossover | 203 1,14 13057 |° sg CRS‘Bg to
Heavy
6 5/8 Reg to . . NC50 to
Crossover 203 1,14 131,73 NC50 Welg}.lt Drill 127 112,66 243,23 512 FU
Pipe
Heavy
Weight 127 112,66 244,39 NC50 Crossover 185 L16 aaze  |NCN S
o 1/2FH
Drill Pipe
NC50 to o
Crossover 185 1,16 245,55 512 FH Drill Pipe 1397 - - 51/2FH
Drill Pipc 1397 - - 51/2FH

Based on the results of the well drilling and taking into account the information obtained during the
research, the V-Stab® tool developed by NOV was included in the BHA in subsequent projects
(Quanta Zhu et al., 2017). The tool is designed to reduce vibrations in the drill string during drilling.
Due to its eccentric shape, the tool reduces stick-slip and dampens transverse vibrations by creating
"Forward Synchronous Movement" (FSM). FSM is a transverse-bending vibration of the BHA with a
frequency that ensures the occurrence of minimum bending stresses in its cross-sections. By creating
FSM, V-Stab also reduces drilling tool wear, successfully resists reverse and chaotic rotations, and
reduces their destructive effect. The use of the V-Stab tool made it possible to ensure high mechanical
penetration rate, improve working conditions and reduce bit wear (Fig. 2).

Conclusions

Vibration processes in the BHA were monitored in industrial conditions using elements of
BlackBox™ technology. Based on the analysis of the obtained records, the operating parameters and
design of the BHA were adjusted, which made it possible to ensure high mechanical penetration rate,
improve working conditions and reduce bit wear. The use of technologies similar to BlackBox can
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serve as a basis for assessing the load on BHA elements in order to improve methods (techniques) for
predicting their service life.

a) BHA without V-Stab

b) BHA with V-Stab
Figure 2 PDC drill bit TFFX616S 17 72" after run
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