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USE OF INNOVATIVE SYSTEMS FOR EFFICIENT DRILLING OF
WELLS IN THE QUARRY OF UKRAINE

Almost all over Ukraine in the bowels of the Ukrainian crystal shield is more than 500 million m? of explored
reserves of high quality natural building and finishing stone. Of particular interest are granite deposits as the main
strategic raw material for the construction of industrial, defense and civil structures, roads, runways, airfields,
transport tunnels, subways and more. Today, more than 150 quarries in Ukraine extract valuable raw materials for
the country - natural stone. At the same time, given the high strength and abrasiveness of granites, their extraction
is extremely complex, expensive, time consuming. There are no machines that could directly extract strong granite
rocks of volcanic and metamorphic origin. To ensure the required volumes of granite mining, it is necessary to pre-
grind the monolith of the rock, which is carried out by drilling and blasting. These complex technological operations
provide powerful drilling rigs that perform drilling work in strong and very strong rocks [1].

In the presented researches the basic indicators influencing efficiency of drilling rigs on quarries of Ukraine
are analyzed and established. Rational methods of rock destruction for specific geological conditions of a mining
enterprise are considered, substantiated and recommended. Optimization of drilling efficiency and productivity was
performed by choosing the method of destruction, hardness of rocks, type of drilling machine and parameters of
tools for destruction of rocks [2]. The calculation method presented in the work allows to limit the amount of dust
pollution depending on the speed, depth of drilling, distance from the well for blasting, which will control the optimal
modes of operation of the drilling machine and drilling modes. The obtained research results confirmed the
correctness and efficiency of new innovative systems for drilling hard rocks in the quarries of Ukraine.

Keywords: quarry, destruction of rocks, drilling rig, pneumatic striker.

Introduction. One of the key processes in the quarries is drilling work. Effectiveness of their implementation
depends primarily on the performance of the drilling equipment. Drilling machines must provide high performance,
low cost, environmental requirements required diameter and depth of drilling have independent individual drive,
high mobility and speed.

Analysis of the problem. Improving the efficiency of drilling and blasting operations in the quarries of
Ukraine is the main direction that ensures a constant increase in the extraction of natural resources. Today, open pit
mines use a wide range of drilling rigs and technologies to drill wells with diameters ranging from 40 to 350 mm in
hard and very hard formations. The main technical and economic indicators of enterprises depend on the efficiency
and productivity of drilling. The drilling process is also characterized by significant release of drill dust and
explosion products, which have a large impact on environmental pollution and the health of workers.

The extremely high cost and low efficiency of drilling operations is a consequence of the use of outdated drilling
rigs with low productivity and ineffective mining destructive tools in the Ukrainian open pits. The development of
the latest explosive materials with high energy of destruction allows, during blasting operations, to reduce the
diameter of drilled holes to 100 - 150 mm. At the same time, these purposes require more productive, powerful and
reliable drilling equipment, which provides high-speed drilling in hard rocks. In recent years, the productivity of
drilling rigs has stabilized, but the mining and geological conditions of production have deteriorated significantly.
The discrepancy between the parameters and modes of drilling leads to a constant increase in the costs of drilling in
hard rocks, which reach 30—40% of the total cost of mining operations [3]. In the modern ecological aspect of
protecting nature from mining, it is also important to control the release of large amounts of fine dust during drilling,
which affects the health of personnel and environmental pollution.

Therefore, the selection and implementation of productive drilling equipment with substantiation of the main
parameters of well drilling to ensure high technical and economic indicators of mining, environmental protection
and workers' health is an important theoretical and practical task of the mining industry.

The article is aimed at research and comparative assessment of the main technological and technical
parameters of existing and newest innovative drilling equipment for a wide range of complex geological conditions
in the quarries of Ukraine.

The main material. Table 1 shows the main characteristics of the operating drilling rigs SBS-250, SBU-125,
Atlas Copco in the quarries of Ukraine. The main SBS drilling rigs are designed for drilling vertical wells with a
diameter of dc = 160-350 mm and a depth of up to 35 m. The use of these machines with roller cone bits for crushing
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rocks with a strength factor f = 6-18 has low drilling speeds due to their technical imperfections. For example, the
use of wells with a diameter of more than 200 mm in hard formations does not lead to a decrease in unit costs. In
rocks with high resistance to fracture, the best performance is achieved when using wells with a diameter of 100-
180 mm. The use of wells with a diameter of 215-250 mm under these conditions leads to an increase in explosive
costs by 20—40% [4]. The main disadvantages of SBC machines are large mass and low resistance of bits in heavily
drilled formations, high noise, vibration and dust emissions, accidents, maintenance complexity, low speed [5]. The
development of new highly efficient drilling equipment has allowed to improve drilling equipment for drilling with
diameters from 100 to 180 mm, which significantly increases productivity and reduces energy consumption of the
process. All existing theories of mechanical destruction of rocks can be reduced to the energy theory, according to
which the preferred method of destruction, modes and duration of the process, providing the minimum energy
consumption for drilling [6].

Table 1. Technical specifications and parameters of drilling rigst

Drilling rigst
Indicators SBC -250 SBU-125 ROC L8
”’Atlas Copco’’
Productivity, m / h 15 10 30-45
The range of strength of rocks, 12-18 10-14 16-20
Installed power, kW 398 80 317
Range drilling (H. / Vert.), Deg 0-30° 0-30° 0-90°
Driving speed km / h 0.78-1.2 1.0 34
Maximum drilling depth, m 32 25 54
Hole diameter’s, mm 250-270 125-160 85-203
Weight, T 75.0 8.0 16.8
Drilling method, type cutting drill DTH P-125 Down-the-hole Copco-
44/54/64

Efforts filing, kN 300 20 40

The principle drilling cutting method is based on the actions of large axial forces and torque on the drill [7].
Summed to slaughter borehole through the drill rod Nash power (W), which determines the performance of the
method is calculated by the formula:

N, =3-my-D-n-G,m (1)

where mo - coefficient taking into account the type of bit and contact strength of rocks; D - diameter bits, m; n -
number of revolutions bit; G - axial force on a bit, N.

When percussion-drilling method, using submersible pneumatic drummer. Desktop Authority operates cyclic
shock loading at low effort delivery and torque. Summed with the capacity to slaughter NY (Wt) is defined by the
formula:

0,45-7-R*-P.-V,
S 2 (l+1)

where R - striker radius, m; Pc - the average pressure in the chamber of the forward striker, Pa; - first speed, m/s;
- the ratio of the forward air-strike time to time reverse ( = 1.4 - 1.6); A - energy single blow, J; - impact rate, Hz.

)

From formula (1) and (2) it follows that during drilling of one diameter drilling opportunities to increase
productivity and increasing pressure determined first speed. This required axial force G (H) on the shock machine
is determined by the expression:

2-A-v
G=—"", 3)
V. n

y
where 1 =0.5-0.7 - efficiency
The principles of the axial force during cutting and air percussion different. When cutting drilling axial force
is crucial for power on bottom hole. When air percussion axial clamping force pneumatic drummer to face no
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significant effect on the efficiency of the destruction of rocks. In connection with this problem drilling wells
submersible shock machines removed. There is a very important indicator of the removal power W (Wt) per unit
axial force:

W=N/G, (4)
For the cutting method, we have:
N
W, =—2-=3.m -D-n, (5)
o G 0
and for air percussion:
= o5y
= =0,5-V;-n, (6)
G

Having real data in drilling wells with a diameter D = 0,215; mo= 0,042; D = 0,215; ns= 1,33 ¢’; V,= 8 m/s; n =
0.5. get=Wmr=0.036 Wt /N and Wy =2 Wt/ N.

It follows that the power that is removed from the unit axial force when cutting drilling of 40-50 times less
than the percussion-way. This is one of the most important arguments advantages air percussion drilling method,
especially for wells

Use tools with an impact-rotary method of drilling with submersible pnevmoudarnykamy is one of the most
promising and effective ways. With this method, the destruction of rocks made by impact shock loads at low axial
pressures and speeds, and therefore such machines have a much higher performance and minimum energy drilling
process [8]. Recently, drilling rigs of the Swedish engineering concern Atlas Copco, equipped with a pneumatic for
down-the-hole hammer for rotary drilling, have been operated in the quarries of Ukraine. These rigs can drill holes
with a diameter of 85 to 305 mm. with a drilling depth of up to 54 m, in rocks of medium and high strength. They
are equipped with replaceable drill rods 5-7 m long with automatic installation during operation. The design of the
base machine and drilling rigs allows drilling wells with angles of 0-90 degrees (Figure 1). They have high
productivity and speed of drilling, mobility and speed, processing performance, low environmental impact, safe in
operation [9].

e

Figure 1. Drilling machine “Atlas Copco” for drilling wells career: a) — vertical; b) — horizontal.

Working equipment machine including compressor, mounted on a single platform. Having tracked and small
size provide sufficient conditions for limited mobility and maneuverability. Equipment of diesel driven machine
allows it to operate autonomously in small venues and working in an environment where there is no electricity
supply system [10]. High-performance drilling rigs with pneumatic punches as provided by the drilling speed (the
speed of penetration into the rock) and by minimizing the auxiliary and preparatory operations. Drilling machines
"Atlas Copco" equipped with automatic extension rods, thanks to what the ratio of net drilling time to time for
preparatory operations is 70/30. Efficiency drilling stalls "Atlas Copco provides powerful submersible pneumatic
drummer or hydraulic hammer, designs and sizes which can drill holes with a diameter dc from 85 to 305 mm in
rocks of medium strength to super-strong (Table 2). The same drilling machine may use several sizes of pneumatic
drummer COP.
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Table 2. Specifications pneumatic submersible rock breaking hammer "Atlas Copco"

Rock drill down-the-hole (DTH) COP

Parameters pneumatic drummer COP COP-34 COP-44 COP-54 COP-64 COP-84
Leight, Mmm 982 1059 1143 1312 1458
Hole diametr’s, Mm 84 100 125,5 142 160
Weight, kg 32 49 84 124 155
Working pressure, bar 6-25 6-25 6-25 6-25 6-25
Air consumption, /s at:
10 bar 82 105 126 175 176
18 bar 165 185 245 342 345
24 bar 215 250 370 475 480
Drill still, mm 85-105 105-140 127-152 165-203 195-305

The overall look and design submersible pneumatic drummer COP which is equipped with a drilling

machine "Atlas Sopco” shown in Figure 2.

. ﬁa

Figure 2 — General view and design of the drilling rig "Atlas Copco".
1 - connecting node with a drill; 2 - the body of the drummer; 3 - spool distribution mechanism; 4 - shock

piston; 5 - rock-destroying tool.

Atlas Copko submersible rock drills use special heavy duty drill bits for crushing hard and abrasive
formations (fig. 3). They are equipped with ultra-hard, high-strength tungsten carbide and cobalt carbide spherical
inserts for productive rock crushing and minimal displacement during high speed drilling [10,11].

Figure 3. Crown of “Atlas COPCO” machine for crushing extra hard rocks.

1 - tool attachment point; 2 - ventilation holes for rock removal; spherical carbide insert.
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To avoid excessive crushing of the rock in the well and the risk of jamming, waste is removed from the well at
regular intervals (3-5 seconds) by blowing air in accordance with one of the three operating modes of the Copco air
hammer (Fig. 4).
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Figure 4 - Scheme of blowdown and cuttings removal: a - blowdown from the bottom of the well; b -
blowing with a percussion mechanism; ¢ - purging by actuation of the purge valve.Scheme of blowing and sludge
removal: a - blowdown from the bottom of the well; b - blowdown of the percussion mechanism; c - actuation of
the blowdown valve.

When blowing the well according to the scheme (a, Fig. 4), the percussion mechanism of the pneumatic
hammer stops as soon as the striker rises and falls together with the bit, therefore a large volume of air is blown
through the striker and is well cleaned. According to the scheme (b, Fig. 5), the percussion mechanism is triggered
and the striker is lowered to the bottom of the well, setting the bit to the percussion position and using a special
purge valve (c, Fig. 4).

The use of an original well blowdown scheme and a vacuum cleaner above the wellhead allowed solving a
very important task - to reduce emissions and dust concentration, as well as to reduce the man-made load on the
environment and workers' health. Dust emissions Q from the drilling rig at a certain distance from the drilling site S
for different types of machines (Fig.5).
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Figure 5 - Dependence of dust emissions on the type of drilling rig
The proposed method for determining dust emissions when drilling blast holes with drilling rigs and methods

for destroying rocks made it possible to determine the amount of dust released into the environment. Mass of dust
released when drilling wells:

My =27y Qopi ;" T; - K, - 1073, (7
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where: Qopi is the volumetric power of the i-th drilling machine; dust extraction of dust from 1 m3 of drilled rock
of the i-th car, kg / m3; Net operating time of the drilling machine per year, h / year; n - the total number of working
machines in the quarry; K2 - coefficient that takes into account the humidity of the material.

The value of Qopi can be obtained from the indicators of technical capacity:

dZ

Qoni = Qun—y = 0,785 @,y d?, m3/h ®)
Mass of dust released when drilling wells per unit time:

Menp = Qoni * qi/3600' g/s )
The maximum one-time emissions of hazardous products from drilling are shown in the table. 4:
Table 4 - Results of calculating dust emissions during the operation of various drilling rigs

The results of the research carried out on the productivity of drilling rigs in the quarries of Ukraine are presented

in the graphs (Fig. 6). The dependences of the drilling speed Vy on the strength of rocks in the range f=15-20
have been established. The research was carried out for quarries of Ukraine, where rocks and other minerals such as

granite, marble, gabbro, labradorite, iron quartzite, diabase, diorite, travertine, sandstones, shales are developed and
mined in difficult conditions.
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Figure 6. Dependence of the mechanical drilling speed on the strength of rock.:
1 - SBC-250; 2 - SBU- 125; 3 - "Atlas Copco ROC-L8".

As can be seen from the graph (Fig. 6), with rock strength f = 10, the drilling speed of the ROC-L8 drilling rig
with COP DTH hammers is 2 times higher than that of SBU-125, and 6 times higher then SBC-250. When drilling
wells with rock strength f = 14, the productivity of the ROC-L8 drilling rig is 3 times higher than that of the SBU-
125, and 4 times higher than that of the SBC-250. With rock strength = 18, the ROC-LS rig has a 2-fold advantage
in drilling speed over SBU-125, and 6 times over SBC-250. The productivity of ROC-LS drilling rigs in the quarries
of Ukraine in 2018 was 5600 m, which is 20% higher than that of the SBU-125 (4650 m). The productivity of the
SBC-250 machine was 4200 m per month. Figure 7 shows the structure of discounted costs for drilling one running
meter of a well for various drilling rigs.

. TYPGS Average volume productivity, Qopi m’/h, by Dust Specgﬁc dust release,
drilling rigs rock hardness suppressors | kg/m
=5-10 [f=10-14 |f=12-14 |f=14-16 |f=16-18

SBC BIIII 0,9

1,46 1,41 1,21 0,98 0,83 YCII 1,3

B3I1 3,2

SBU BIIII 0,7

2,18 2,02 1,80 1,50 1,29 YCII 0,9

B3I1 2,35

Atlas Copco 6,07 5,61 5,161 4,65 4,29 BIIII 0,3
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Figure 7. Structure of the cost of drilling: a) — SBC; b) — Atlas Copco.

Cost structure analysis shows that Atlas Copco's pneumatic submersible drilling rigs COP outperforms the
SBC roller cutters primarily in terms of annual productivity [12]. This is due to the destruction of hard rocks with
high-performance pneumatic hammers, an autonomous diesel drive, full automation of drilling support (replacement
and extension of drill rods, replacement of bits, horizontal drilling), which reduces the drilling time and shortens the
drilling time. transition from well to well. All Atlas Copco mechanisms are hydraulically driven, which provides
good control and optimization of drilling parameters. But it should be borne in mind that while foreign cars are new,
the cost of their repair is insignificant, but every year of operation it will grow.

Inefficient drilling rigs SBC-250 and SBU-125 are limited by their technical capabilities and energy
efficiency, as well as by the conditions of use. Proceeding from the fact that drilling speed is an integral and
comprehensive indicator of drilling operations in open pits, and especially the destruction of hard and heavy rocks,
the use of Atlas Copco drilling machines with COP DTH hammers is the best option and a very promising direction
of drilling equipment. The use of high-performance Atlas Copco machines, along with the development and
implementation of modern explosives, makes it possible to reduce the drilling diameter, which will lead to a decrease
in blasting operations, which significantly improves both the explosive and technical and economic indicators of
mining enterprises in general.

Conclusions. It is necessary to select drilling equipment on the basis of a technical and economic calculation

of the conditions for achieving the minimum cost of the entire complex of processes: drilling, explosives, excavation,
transportation, crushing, as well as the cost of explosives. The results of operation of Atlas Copco machines with
COP DTH hammers have confirmed their effectiveness in drilling in a wide range of strengths in open pit mining
[13].
COP down-the-hole hammers are more promising in use than SBC drilling rigs due to their increased productivity,
efficiency, and drive motor power. High mobility and speed reduce technical waste of time. Atlas Copco drilling
rigs provide high technical capabilities for high-precision drilling of wells with a diameter of 35 to 305 mm, a depth
of 54 m in the range of 0 - 90 degrees.

The well blowdown system leads to high purity of cuttings, which qualitatively affects the efficiency of
blasting operations. A reliable dust extraction system and a sealed cabin ensure the necessary hygienic standards
during drilling, minimize vibration and noise impact on personnel and the environment. Reduces the emission of
drill dust into the environment. The disadvantage is the high initial cost of drilling rigs and high requirements for
the quality of the working fluid of the hydraulic drive.

Analysis of studies of the efficiency of Atlas Copco drilling machines in foreign and Ukrainian open pits
shows their high productivity, efficiency and promising application.
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HanionanbHnii TexHiYHMI YHIBepcuTeT YKpaiHu
“KuiBcbkuil nositexniynuii incruryt imeHi Iropst Cikopcbkoro”

3ACTOCYBAHHSA IHHOBAIIMHUX CUCTEM JJI1 EGEKTUBHOI'O
BYPIHHS CBEPJIJIOBUH HA KAP’EPAX YKPAIHU

Maiixe 1o Bciif YKpaiHi B Hapax yKpaiHCBKOTO KPHCTAJIIYHOTO I'€OJIOTIYHOTO IIUTa 3HAXOIUTHCS TTOHAJ
500 mmH M PO3BiJJaHNX 3araciB BUCOKOSKICHOTO HPHUPOJHOTO OyIiBEIBHOTO Ta 03400IIOBAJIBHOTO KAMEHIO.
Oco0nMBY BaXJIMBICTh JUISi KpAiHU IPEICTABISIOTH POJOBHIINA TPAHITY SIK OCHOBHOI CTPATETiYHOI CUPOBUHHU IS
OyZIiBHHITBA TPOMHCIIOBHX, OOOPOHHHMX Ta IHMBIIBHUX CIOPYI, JIOPIr, 3JIITHO-IIOCAJAKOBHX CMYT, aepOJPOMIiB,
TPaHCIIOPTHUX TYHENIB, MeTpo, Tomo. Choroani B Ykpaini nonan 150 xap’epiB BumoOyBaoTh IiHHY AJIs1 KpaiHU
CHUpPOBHHY - NPHUPOAHUHA KaMiHb. Y TOH e 4ac, BpaxOBYIOUM BHCOKY MIIHICTh i aOpa3uBHICTh TpaHITIB, iX
BUAOOYTOK HAI3BHYAMHO CKJIaTHWH, JOpOrWH, TpynomicTkuil. Hemae mammH, siki mMormu O OesmocepeaHbo
pPO3pOOIATH MIIHI TpaHITHI MOPOAM BYJIKAaHIYHOTO Ta Meramop¢iuHOro moxomkeHHs. g 3abe3medeHHs
HEOoOXiTHUX 00cATIB BUAOOYTKY 1 IMOCTiTy10401 IepepoOKH IpaHiTy, HEOOXiJHO IOIEePEaHBO MOAPIOHNTH MOHOJIT
ripcekoi mopoxu. Lleit ckimagHuii TEXHIYHO 1 TEXHOJIOTIYHUM IPOLEC 3/IMCHIOETHCS IMOTYXHUMH OypOBHMH
YCTAaHOBKAaMH. B MIIHHUX 1 Jy)Ke MIIHUX TIpCBKHX IOpoaax OypiHHSAM BiJ AECSATKIB JO COTEHb CBEP/UIOBHH,
niamerpoM Bix 80 mo 350 MM, i rIMOMHOI 10 AEKIIBKOX JecsTKiB MeTpiB. Ilpolec 3aBepiuytoTh 3apspKaHHAM
poOypPEeHNX CBEP.UIOBHH CIIEIiaTbHOI0 BUOYXIBKOIO, 1 3aBEpIIAIOTh MACOBUM BHOYXOM.

VY npencTaBiIeHUX JOCIIKEHHIX MTPOaHaNIi30BaHO TA BCTAHOBJIEHI OCHOBHI NOKA3HHKH, 110 BIUTMBAIOTH Ha
e(eKTUBHICTh 1 NMPOAYKTHUBHICTH OypOBMX YCTAaHOBOK Ha Kap'epax YKpaiHu. Po3rimsHyTo, 0oOTpyHTOBaHO Ta
PEKOMEHJIOBaHO PalliOHaIbHI CIIOCOOM PYHHYBaHHS TipCHKUX MOPiA AIsI KOHKPETHUX TIPHUYO-TCOJIOTIYHUX YMOB
Bu0OyBHOrO mianpuemcTBa. OnTUMizanis e(QeKTHBHOCTI 1 MPOXYKTUBHOCTI OYpiHHS HPOBOAWIACH IUIIXOM
BUOOpy cmocoOy pyiiHyBaHHsS, Big MIIHOCTI TIpCHKMX TMOpix, Tumy OypoBOi MamIMHM Ta IapameTpiB
MOPOIOPYHHIBHUX iHCTpyMeHTiB. [IpencraBieHa B poOOTI METOIMKA PO3PAXYHKY JIO3BOJISIE OOMEKHTH IHIIOBE
3a0pyAHEHHS 30HH OYypOBHX pOOIT B 3aJ€KHOCTI Bif IIBHIKOCTI i TMTUOWHU OypiHHS, MO3BOJHMTH BUOHWpATH
ONTUMaNbHI peKUMH poOOTH OypoBoi MammHu. OTpUMaHi pe3yJIbTaTH JOCHIPKEHb HiATBEpANIN IPaBIIBbHICTD Ta
e(eKTUBHICTh HOBHX IHHOBaliHUX CUCTEM OypiHHS TBEpANX IOPiJ Ha Kap epax YKpaiHu.

Knrwouoei cnosa: xap'ep, pyiiHyBaHHS TipCbKUX TOPiJ, OypoBa yCTaHOBKA, THEBMATHYHUH yIapHHUK.
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