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Abstract
Introduction. This paper considers the pellet impact drilling method which implies rock destruction
by metal pellets impacting the rock. A. B. Uvakov carried out successful research on directional drilling by
the pellet impact method that showed a positive result. However, little attention was paid to bench
laboratory studies. Moreover, there is no information on the efficiency of pellet impact drilling at various
angles of wellbore inclination.
The research objective is to analyze the efficiency of rock breaking in the process of well drilling by the
pellet impact method at various angles of wellbore inclination to vertical.
Methods of research. The author has designed and manufactured a laboratory bench to conduct
the research. The laboratory bench design provides drilling mud closed circulation and cuttings removal
by gravity settling. A PMMA tube placed inside a metal glass imitate wellbore walls. Samples of ceramic
tiles imitating rocks were used in the experiments. The volume of rock drilled out per unit of time was
determined at various pellet portion masses and angles of wellbore inclination to vertical.
Results. The present research was the first to find the dependency between the angle of wellbore
inclination to vertical and rock breaking efficiency during pellet impact drilling. Four sets of experiments
were carried out at different zenith angles: 0°, 30° 60° and 90°. It has been found that pellet
impact drilling is possible at different angles of wellbore inclination to vertical up to 90° (horizontal
wellbore), drilling efficiency increases with the zenith angle. The cylindrical shape of the wellbore is retained.
Summary. The results obtained expand the potential scope of the pellet impact drilling method and
improve drilling efficiency forecast when constructing directional wells.

Keywords: rock breaking; directional drilling; pellet impact drilling; metal pellets; hard rocks.

Introduction. Tomsk Polytechnic University carries out research on the improvement
of the pellet impact drilling method [1-11] that implies rock destruction by metal pellets
circulating at a high speed.

Pellet impact drilling was introduced in the USA in 1955 [12] and further developed
in the USSR by A. B. Uvakov [13] and S. A. Zaurbekov [14]. Theoretical study of the
pellet impact drilling was carried out in the Ukraine [15—17]. V. V. Shtrasser contemplated
the possibility of applying the pellet impact drilling bit to disperse rock debris [18].

Prospecting for solid minerals is a promising direction for pellet impact drilling. It is
futile to use such method to drill soft rock prone to scree and rockfall.

Directional and multilateral drilling of exploration wells for solid minerals is currently
limited due to a number of problems:

—complex design of existing technical means of prospecting assortment for directional
drilling and their labor-intensive application;

— lack of production of technical mean for exploration wells directional drilling which
were in mass production in the soviet period;
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— the majority of national companies specializing in drilling exploration wells
have been lacking the experience in drilling multilateral wells (over the last
20 years);

— high costs of a whipstock based on a positive displacement motor with bent sub.

The development of new methods and means of directional well drilling in mining and
prospecting is still urgent today [19].

A. B. Uvakov worked on adjusting pellet impact drilling for artificial deviation of
wells when drilling for solid minerals. He proposed to include a bent pipe or sub with a
drilling bit orientation mechanism into the bottom-hole assembly to change the trajectory
of the wellbore [13]. That idea repeats the design of a downhole drilling motor (DDM)
with angularity that is commonly used in drilling today.

Fig. 1. Pellet impact drilling bit:

a — design by A. B. Uvakov; b — design being studied; / — drill pipe, 2 — nozzle, 3 — inlet
ports, 4 — mixing chamber, 5 — borehole walls, 6 — diffuser, 7 — pellets, § — guide sleeve
Puc. 1. CHapsn amst mapocTpyiHOTO OypeHHs:

a — xoHcTpyKIwst A. B. YBakoBa; b — uccienyeMast KOHCTpYKIusi; I — OypiibHas Tpy0a;
2 — coI1o; 3 — BIIYCKHBIE OKHA; 4 — KaMepa CMEILICHHs; 5 — CTCHKU CKBAKUHBL; 6 — TH}-
(by3op; 7 — mwapsl; § — 3aep’KUBaOIEe YCTPOHCTBO

A method of well trajectory deviation was worked out at the West Tekeli, Sayak,
Karazhal, and Chaturkul deposits (Kazakh SSR). Field trials revealed that the pellet
impact method ensured high reliability of wellbore bending in a given direction and
reduced the time for bending [13].

Based on the results achieved by A. B. Uvakov, it is possible to emphasize the
following advantages of pellet impact drilling to directional wells construction:

— drilling bit orientation in a wellbore is reliable since it is not necessary to rotate
the drill column and create axial load;

— pellet impact drilling bit design and wall bending technology are simple;

— it is possible to continuously increase the angle on an extended section of the well.

Despite its great practical significance, A. B. Uvakov’s research paid little attention to
laboratory studies. There is no information on whether any changes in the well’s zenith
angle influence the speed of pellet impact drilling and well sinking by diameter, or whether
it is possible to drill horizontal wells using such method. Without this information, it is
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impossible to accurately predict the effectiveness and result of procedures aimed at
artificial change of well’s trajectory during pellet impact drilling. The complication and
accident risks increase.

Research objective is to analyze the efficiency of rock destruction in the process
of well drilling by the pellet impact method at various angles of wellbore inclination
to vertical.
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Fig. 2. Laboratory bench:
a — circulation system; b — bench base scheme; / — discharge line; 2 — pump; 3 — fault line; 4 — pressure gage; 5 — a glass
simulating the borehole walls; 6 — compartment for dumping liquid together with sludge (mud sump); 7 — partition;
8 — stand base; 9 — supply line; /0 — compartment for feeding the mud pump; 7/ — drill pipe; /2 — guide; /3 — feed
flywheel; /4 — guide support; /5 — lifting mechanism; /6 — pellet impact drilling bit; /7 — glass support
Puc. 2. JJaboparopHslii cTeHA:
a — UMPKYISIUOHHAs CHCTeMa; b — cXxeMa OCHOBAaHMS CTCHAA; / — HAarHeTaTelbHas JIMHHS, 2 — HACOC; 3 — JIMHUS
cbpoca; 4 — MaHOMETp; 5 — CTaKaH, IMUTHPYIOIIMI CTCHKH CKBaXXHHBI; 6 — OTCEK Il cOpoca KHAKOCTH BMECTE CO
nutaMoM (OTCTOMHUK); 7 — Meperopojika; § — OCHOBaHUE CTeHJa; 9 — nuTatomas auHus; /0 — OTceK Ui Mojayu Ha
OypoBoii Hacoc; /1 — OypunbHas TpyOa; /2 — Hanpasistoniasi; /3 — MaXOBHK 110Ja4u; /4 — KpeIuIeHUE HaIPaBIISIOLICH;
15 — morbeMHbIIH MexaHu3M; /6 — cHapsia uist OypeHust; /7 — KpeIuieHHe CTakaHa

Research materials and methods. The studies were carried out on a scalable
laboratory bench. The drilling bit design by A. B. Uvakov (Figure 1, a) was used as a
basis. The presence of a guide sleeve &8 located above the inlet ports is the distinctive
feature of the design applied in the experiments (Figure 1, ). The guide sleeve § has
made it possible to prevent the pellets from rising above the inlet ports when the drilling
mud flow rate increases.

When the pellet impact drilling bit works, the drilling mud jet flowing out of the
nozzle 2 transfers energy to the pellets 7. Passing through the mixing chamber 4,
the pellets 7 accelerate, impact the rock, and break it. The pellets circulation in the well is
closed, when they impact the guide sleeve § they pass through the inlet ports 3 located
inside the drilling bit under the nozzle.

The scheme of the laboratory bench is shown in Figure 2. The drilling mud fed by the
pump 2 moves along the discharge line / and approaches the pellet impact drilling bit /6
through the drill pipe /7. The pressure in the supply line is fixed by the pressure gage 4.
The wellbore walls simulate the glass 5. Linear supply of the drilling bit is carried out by
the lifting mechanism 75, located on the guide /2, and by the flywheel /3 rotation.
The fluid is removed through line 3. After passing through the pellet impact drilling bit
and the glass, the drilling mud and cuttings are dumped into compartment 6, where the
sludge settles gravitationally. Through the upper overflow over the partition 7, the drilling
mud enters the compartment /0 and is drawn in by the pump 2 through the supply line 9
again.

The experimental procedure is as follows. A sample imitating a rock (ceramic tile) is
installed in the lower part of the glass 5. Into the PMMA tube, a portion of metal pellets
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and a pellet impact drilling bit /6 are placed. The pellet impact drilling bit /6 is screwed
to the drill pipe /7. The glass 5, with the pellet impact drilling bit /6 and the guide 72
inside, is positioned at a required angle (Figure 3). The pump switches on, and for a fixed
time, pellets circulate in the well and break the rock. After the experiment, the bit is
disassembled and the geometry of the resulting depression is recorded, namely,
the diameter, volume, and depth of the well.

Puc. 3. Drill string positioning during the experiments:
a—0°b-30°c—60°d-90°
Fig. 3. IlonoxxeHust 6ypoBOro CHapsiAa IpH MPOBEICHUH dKCIEPHMEHTOB!
a—0°b-30°c—60°d-90°

Results and discussion. The present research was the first to find dependency between
the angle of wellbore inclination to vertical and the rock breaking efficiency during pellet
impact drilling. The volume of rock drilled per unit of time is meant by the rock breaking
efficiency. In the course of work, the ratios between the volume of the broken rock and
the pellet portion mass were obtained. Four sets of experiments were carried out at
different angles of bit inclination to vertical: 0°, 30°, 60°, and 90°. The results are shown
in Figure 4.

The graphs show that the greatest efficiency is recorded at the maximum angle of bit’s
inclination corresponding to 90°. The drilling efficiency reduces with the angle.

This dependency may presumably be explained by an increase in the number of pellet
impacts against the bottom of the well per unit time caused by the reduced chaos of
pellets circulation between the lower face of the diffuser and the rock to break. The pellets exit
this zone quicker, which increases their consumption under a constant mass of the portion.

It is significant that all experiments have shown that the drilled wells had a shape close
to a circle in a section perpendicular to the axis of the well.

In each set of experiments, the drilling productivity grows with the pellet portion
mass, and then falls. The loss of efficiency is caused by pellets accumulation in front of
the drilling bit inlet ports.
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Summary. The present research proved that in principle it is possible to drill horizontal
wells using the pellet impact method.

Analytical dependencies have been obtained that characterize drilling efficiency
depending on the angle of wellbore inclination.
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Fig. 4. Dependence of the volume of the drilled well on the number of pellets

involved in the drilling process at different angles of inclination of the drilling bit

Puc. 4. 3aBucumocts o6beMa MpoOypeHHOH CKBaKMHBI OT KOJIMYECTBA IIApOB,

Y4YacTBYIOLIMX B Iporecce OypeHHs, NPU pa3HbIX yIIaX HakIoHa OypoBOro
CHapsa

The presented results make it possible to state that the effect of gravity on the
distribution of pellet impacts against the bottom of the well is insignificant. Even when
drilling horizontal wells, the cylindrical shape of the wellbore will be retained.
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Hccinenopanue 3(ppeKTHBHOCTH paspylieHUsi TOPHOIi NOPObI
B npolecce OypeHHus CKBaKUH IAPOCTPYHHBIM CIOCO00M
NMPHU Pa3HBIX YIVIAX HAKJIOHA CTBOJIA CKBAKUHBI

Hcaes E. JI.!
! HaupioHanbHbI# uccienoBarenbekuit TOMCKuii monnTexHuueckuii yausepeuret, Tomck, Poceust.

Pecgpepam
Beeoenue. Hszsecmen wapocmpyiinuvlii cnocob 6ypenus ckeaxcun. Paspywenue 2opHou nopoowvl npu
wWapocmpyuHom cnocobe OypeHust RpoUCXooum noo Oelicmauem yoapos Memauiiuieckux uwapos. Pabomoi
N0 HAKJILOHHO-HANPABNIEHHOMY GYDEHUIO CKGANICUH WAPOCMPYUHBIM CNOCOGOM YCHEWHO NPOBOOUNUCH
A. B. Veaxoevim u noxasanu nonoocumenvuviil pezyivmam. OOHAKo 6 ceoell pabome ucciedo8amens
He yoenun O00CMAamoyHO020 6HUMAHUSL CHEHO08bIM 1a60pamopHuim ucciedosanusm. Omcymcemeyem
unpopmayus 06 sphexmusnocmu OYypeHus: WapocmpyliHbiM CnOco60M NPU PA3TULHBIX Yelax HAKIOHA
CMBOJLA CKBAIICUHDL.
Lenv padomwr. Hccneoosamv 3¢pghexmuenocmv paspyuienusi 20pHOU HOpodvl 8 npoyecce Oypenus
CKBAICUH UAPOCPYUHBIM CROCODOM NPU PAZIUYHBIX YILAX HAKTIOHA CIMEOLA CKEAJICUHBL K 6EPMUKAIU.
Memoodonozus. /[ nposedenus uCCiedo08anuil CRPOEKMUPOSAr U U320MoGieH 1a00pamopHblll CMeHo.
B koncmpykyuu nabopamopnozo cmenoa obecneyugaemcs 3aMKHYMAs YUPKYISYU NPOMbIEOYHOL
AHCUOKOCMU C YOaneHUueM GblOyPeHHOl Nopodbl NOCPeOCMBEOM 2pAsUMAayUoHH020 ocadcoenus. CmeHKu
CKGAICUHBL UMUMUPYem MmpyoKa u3 OpeCmeKid, PACNIONCeHHAsT 6HYMPU MEMALIUYecKo20 CMAKAHA.
Hccnedosanus nposoounucy Ha 06pazyax Kepamudeckou NAUMKU, UMUMUPYIOWUX 2OPHYIO HOPOOY.
Onpeoensicsa obvem 8blOYPeHHOL 3a OUHULY 8PEMEHI NOPOObl NPU BAPLUPOBAHUU MACCHL NOPYUL UAPOS
U yena HaKioHAa CHAPSIOA K 6EPMUKAIU.
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Pesynvmamut. Bnepsvie yCmaHo61eHA 3aKOHOMEPHOCHb MENCOY VelOM HAKIOHA CMEONd CKEANCUHbL
K 8epmMuKanu u 3¢hhpeKmueHoCnbI0 paspyulenust 20pHoOL NOPoObl npu OYPeHUU WaAPOCMPYUHbIM CHOCOBOM.
Ilposeoeno 4 cepuu sxcnepumenmos npu senumnwix yenax 0°, 30° 60° u 90°. Yemarnoeneno, umo 6ypenue
WapoCMpyuHbIM CHOCOOOM 603MONCHO NPU Y2NAX HAKIOHA CMBONA CKBANCUHBL K 8EPMUKANU 8NIOMb 00
90° (copuzonmanvhulii cmeon), NPu MOM C yEeIuUdeHUeM 3eHUMHO20 yena 3¢ggexmusnocms Oypenus
nosviwaemcs. Ilo0depicusaemcs YuIuHOpU4eCcKas Gopma cmeona CKEAXCUHbL.

Bui6oowt. [onyuennvie pe3ynvmamot pacutupaiom nomeHyuaibHylo 061acnms npUMeHeHUs Wapocmpyiino2o
cnocoba 6ypenusi u Yyuuaom 3@ eKmueHoCms NPOSHOUPOSAHUS dPPekmusHocmu OypeHus npu
CMpOUmenLCmee HaKIOHHO-HANPAGLEHHBIX CKBAICUH.

Knrouesvle cnoea: paspywienue 20pHbIX NOpOO, HAKIOHHO-HANPAGLEHHOe OypeHue; WapocmpyiiHoe
Oypenue;, MEmaLIU4ecKue wapsl; meepovle 20pHble HOPOOb.
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